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Figure 25. Extract values from coarse and fine hot water extracts from 

micromalted varieties under different malting regimes. 
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Figure 26. Fine/Coarse differences from the hot water extracts from 

the micromalted varieties under different malting regimes. 



116 

Fine/ coarse difference analysis is a parameter used in deciding 

the degree of modification of a malted barley. The greater the 

fine/coarse difference, the more under-modified the malt. If the result 

is below a certain value then the malt may be categorized as 

over-modified. From Figure 26, the degree of modification of each 

sample can be determined. The results for Kym and Golden Promise 

suggest that the untreated gibberellic acid series is indeed under-, 

well- and over-modified. This is not so for the Triumph series. The 

effect of gibberellic acid treatment is emphasized, in that the 

modification levels were within the well- and over-modified classes. 

The steeping regime for these samples was identical, and was clearly 

not effective in achieving a modification range for the Triumph 

samples. However, the influence of the externally applied gibberellic 

acid was obvious on all three varieties. 

Free a-amino nitrogen levels of the fine and coarse extracts 

indicates the levels of proteolytic activity, not only during mashing, 

but also during the germination stages of malting. Figure 27 shows 

the results obtained. The coarse extract, untreated gibberellic acid 

samples from the variety Kym gave a decrease in the free a-amino 

nitrogen level from the under-modified to the over-modified malts. 

Those from Triumph and Golden Promise peaked with the well modified 

malt sample, with the under-modified malt being higher than the 

over-modified sample. The gibberellic acid treated samples peaked 

with the well-modified malt, and again the under-modified samples 

were higher in free a-amino nitrogen than the over-modified malts. 

The fine hot water extracts, followed a similar pattern. 

3.3.1.2 Enzyme Activity From Micromalted Barley Samples. 

Enzymes were investigated from the micromalted samples, where 

applicable, under mashing-in conditions of temperature and pH, as 

determined previously. They were also studied under optimum enzyme 

activity. When these studies were carried out, the assays for (3-amylase 
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Figure 27. Free a-amino nitrogen levels from the coarse and fine hot 

water extracts from micromalted varieties under different malting 

regimes. (Pooled S.D. for Coarse • 7.201 and for Fine = 5.453) 
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Figure 28. a-Amylase activity from the micromalted varieties 

under different malting regimes. (Pooled S.D. • 204.1). 
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and the general proteolytic activity had not been fully developed. 

It was not possible to carry out the studies on these two enzyme 

activities later due to inadequate sample sizes. 

All enzyme analyses, for mashing-in and optimal conditions, were 

carried out on two samples from the same extract. Each sample was 

carried out in duplicate. 

Amylases. 

a-Amylase activities for the three malt varieties are given in 

Figure 28. Enzyme activities for the samples without gibberellic acid 

treatment suggest that the over-modified sample from all three 

varieties had the highest activity. The under-modified samples gave 

the lowest activity, whereas the well-modified malt had a slightly 

lower activity for Triumph (0.059 E.U.) and Kym (0.078 E.U.) than the 

over-modified malt. The difference between the well-modified and 

over-modified samples for Golden Promise was 0.321 E. U. The levels 

of a-amylase activity was greatest from the Golden Promise malt 

followed by Triumph and then by Kym. 

a-Amylase activity was greatest in the samples with additional 

gib berellic acid. A similar pattern was identified from the micromalted 

malts with gibberellic acid treatment, the under-modified malt giving 

the lowest activity followed by the well-modified malt, and the 

over-modified malt the highest a-amylase activity. Activity differences 

were largest between the under-modified samples of the two groups 

from each variety. The level of a-amylase activity was highest from 

Golden Promise malt and lowest from Kym. 

Minor Carbobydrases. 

Under optimum conditions for the enzyme a-glucosidase, activity 

increased throughout the range of modification levels (Figure 29). 

This was observed with or without gibberellic acid treatment. When 

the two groups of malts from the same variety were compared, the 

Triumph malt samples with gibberellic acid treatment had greater 

a-glucosidase activity than those samples without gibberellic acid 
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Figure 29. a-Glucosidase activity from the micromalted varieties 

under different malting regimes. (Pooled S.D. for Optimum - 0.116 

and for Mashing-in = 0.027) 
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treatment. The activity of the well-modified and over-modified gib­

berellic acid treated samples were decreased in comparison to no 

gib berellic acid treatment for the variety Kym. While the well-modified 

malt from the variety Golden Promise, had a lower activity with 

gib berellic acid treatment. Similar patterns to these results were 

obtained when a-glucosidase activity was determined under mashing-in 

conditions. However, the well-modified sample without gibberellic acid 

treatment was lower than with gibberellic acid treatment for the 

variety Golden Promise. 

Enzyme activity for each malt sample was highest under optimum 

enzyme conditions. The variety Kym gave higher a-glucosidase activity 

for the under-modified and well-modified samples with or without 

gibberellic acid treatment. Golden Promise gave the greatest activity 

from the over-modified malts. When studied under mashing-in 

conditions the variety Golden Promise had the highest activity for 

well-modified and over-modified samples, with and without gibberellic 

acid treatment and for the under-modified malts with added gibberellic 

acid. The highest a-glucosidase activity without gibberellic acid 

treatment for the under-modified malts was shown by the variety 

Kym. Under optimal conditions, gibberellic acid treatment of Triumph, 

Kym and Golden Promise under-modified and over-modified malts gave 

increased a-glucosidase activity when compared to the non-treated 

malt samples. 

Studies of the enzyme (3-glucosidase under optimal enzyme 

conditions gave similar activity patterns within each malt variety, 

either with or without gibberellic acid treatment (Figure 30). 

(3-Glucosidase activity increased with increasing malt modification. 

Well-modified and over-modified samples from the same variety showed 

little or no enhancement of activity with gibberellic acid treatment. 

A slight increase in activity was detected between the non-treated 

and treated gibberellic acid under-modified malt samples. The pattern 

of activity was similar using the mashing-in enzyme conditions. 
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However, a slight decrease in activity was noticed between the 

under-modified and well-modified malt samples with and without 

gibberellic acid treatment for the variety Triumph. A similar situation 

was found with the well modified malt sample from the variety Kym. 

Under both sets of assay conditions for ~glucosidase, the variety 

Golden Promise gave the highest activity for the gibberellic acid 

treated samples. This was true for the well-modified and over-modified 

malt samples without gibberellic acid treatment. f3-Glucosidase activity 

for the under-modified malt without gibberellic acid treatment was 

highest from the variety Triumph. The variety Kym had the lowest 

f3- glucosidase activity from the three compared varieties. From the 

results in Figure 30 gibberellic acid treatment does not appear to 

have an influence on the activity levels of the enzyme (?r- glucosidase. 

The activities of a-galactosidase from the varieties Kym and Golden 

Promise gave similar patterns of activity for the under-modified, 

well-modified and over-modified malts with and without gibberellic 

acid treatment, under optimum and mashing-in assay conditions (Figure 

31). In both treatments the a-galactosidase activity from Kym was 

greater than that from Golden Promise. Levels of activity, from the 

variety Triumph, under optimum assay conditions without gibberellic 

acid, suggested that the activity was highest with the well-modified 

sample and lowest with the under-modified malt. However, with 

gibberellic acid treatment the under-modified sample was highest, 

with the lowest a-galactosidase activity from the well-modified malt. 

The Triumph malt samples, under mashing-in conditions, indicated an 

increase in activity from the under-modified to the over-modified for 

both sets of treatments. 

The variety Triumph gave the highest a-galactosidase activity 

under mashing-in conditions, although the activities were reduced 

by 30% from the optimum assay conditions. The activity was highest 

in Triumph, followed by Kym and finally by Golden Promise. Under 

optimum assay conditions Kym gave the greatest activity for the 
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Figure 31. a-Galactosidase activity from the micromalted varieties 

under different malting regimes. (Pooled S.D. for Optimum = 5.932 

and for Mashing-in = 3.946) 
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well-modified and over-modified malt samples with gibberellic acid 

treatment. The highest activity for the under-modified malts was 

found from the variety Triumph. Kym also gave the highest activity 

for the over-modified malt without gibberellic acid treatment. 

Under-modified and well-modified malt samples from Triumph gave 

the highest activity at these modification levels for the non gibberellic 

acid treated samples. It would appear that gibberellic acid treatment, 

under optimal assay conditions induced a-galactosidase activity at 

all modification levels in Kym and Golden Promise, but only at the 

under-modified level from the variety Triumph. The effects of gib­

berellic acid treatment on the over-modified malt under mashing-in 

conditions from Triumph, Kym and Golden Promise suggest a slight 

decrease in activity. 

Under both sets of assay conditions the activity of (3-galactosidase 

was found to increase from the over-modified to the under-modified 

samples with or without gibberellic acid treatment for the three 

varieties (Figure 32). The enzyme activity from the variety Triumph 

was greatest under both sets of assay conditions, with or without 

gibberellic acid treatment, followed by Golden Promise and then Kym. 

Overall, gibberellic acid slightly stimulated the levels of ~galac­

tosidase activity, except with the under-modified samples from the 

variety Triumph. 

The enzyme a-mannosidase under both sets of assay conditions 

followed a similar pattern of enzyme activity (Figure 33). An increase 

in activity was detected from the under-modified to the over-modified 

malt samples. This was true for both sets of malt samples, either with 

or without gibberellic acid treatment. The levels of activity decreased 

by approximately 30%-40% between optimum assay conditions and the 

conditions for mashing-in. For the gibberellic acid malts, under 

optimum assay conditions, the activity was highest with Golden Promise 

for the well- and over-modified samples. The highest activity for the 

under-modified gibberellic acid treated malts was found with Triumph. 
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Figure 33. a-Mannosidase activity from the micromalted varieties 

under different malting regimes. (Pooled S.D. for Optimum = 1.810 

and for Mashing-in = 1.835) 
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Figure 34. B-Mannosidase activity from the micromaited varieties 

under different malting regimes. (Pooled S.D. for Optimum - 6.125 

and for Mashing-in = 3.467) 



125 

A similar situation was found with the malt samples without gibberellic 

acid. Under mashing-in conditions Golden Promise gave the highest 

activity for the three modification levels, with both treatments. From 

these results it would appear that gibberellic acid treatment was 

slight but was a factor in enzyme stimulation, especially with the 

under-modified malts. 

From Figure 34 activity levels for the enzyme I3-mannosidase 

follow no set pattern between the varieties. However, a pattern can 

be detected within the individual varieties under both sets of enzyme 

assay conditions. The malt samples from Triumph, without gibberellic 

acid treatment, increased by 7.80 E. U. under optimal conditions and 

by 4.34 E. U. under mashing-in conditions with increasing modification 

level. However, when the malt samples are treated with gibberellic 

acid, they peak with the well-modified malt sample. With the variety 

Kym a decrease in activity was detected, as the modification level 

increased without gibberellic acid treatment. The opposite effect was 

found with gibberellic acid treatment, with activity levels increasing 

slightly with increasing levels of modification. The enzyme activity 

from the variety Golden Promise increased steadily with increasing 

modification, with or without gibberellic acid treatment. With both 

sets of assay conditions, the gibberellic acid treated samples generally 

gave increased levels of activity over the non gibberellic acid treated 

samples. 

The level of I3-mannosidase activity was lowest from the variety 

Kym for both treatments and all modification levels. Enzyme activities 

from the Triumph and Golden Promise samples were highest, depending 

on the modification level and treatment used. Gibberellic acid treatment 

of the varieties Triumph and Kym would appear to stimulate enzyme 

activity. However, with the over-modified Golden Promise malt samples 

activity was decreased, and slightly increased with the under-modified 

malt samples. The well-modified malt samples were similar within 

treatments from Golden Promise. 
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Figure 35 indicates N-acetyl- glucosaminidase activity levels for 

both sets of assay conditions. An increase in enzyme activity with 

increasing modification was observed with or without gibberellic acid 

treatment. Gibberellic acid stimulation was predominantly found with 

the under-modified malt samples. Under mashing-in conditions 

N-acetyl-glucosaminidase activity was greatest from the variety 

Triumph for the under-modified and well-modified malts. The 

over-modified enzyme levels were highest with Golden Promise. For 

optimum enzyme assay conditions the Golden Promise enzyme levels 

were highest in all samples. 

Optimum assay conditions for the enzyme arabinosidase (Figure 

36), show that the pattern of enzyme activity was similar from all 

three varieties. The variety Triumph gave the highest activity for 

both under-modified and over-modified malt samples from non-gib­

berellic acid and gibberellic acid treated micromalted samples. The 

activity of this enzyme increased throughout the modification levels 

with both treatments for all three varieties. The activity pattern of 

arabinosidase through the modification levels from the mashing-in 

assay conditions suggest an increase in activity from under-modified 

to over-modified. The activity of arabinosidase was highest from the 

variety Golden Promise for all samples for the mashing-in assay 

conditions. 

The effect of gibberellic acid treatment on arabinosidase from 

the optimum assay conditions appeared to be very slight, except for 

the under-modified malt samples. However, with mashing-in assay 

conditions, gibberellic acid stimulated the range of modification levels 

for Triumph. For the varieties Kym and Golden Promise, although 

there was an appreciable increase in enzyme activity with the 

under-modified malt samples, a decrease in enzyme activity was 

observed with the well-modified and over-modified samples. 
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Activity of the enzyme f3-xylosidase was greatest from the variety 

Golden Promise, with or without gibberellic acid treatment, at all 

modification levels (Figure 37). Lowest f3-xylosidase activity was from 

the Triumph malt samples at all modification levels. Activity of the 

enzyme for the Triumph samples gave a slight increase throughout 

the modification range for both treatments. The same pattern was 

also observed for Kym. The increase in (3-xylosidase activity from the 

variety Golden Promise was larger between the modification levels. 

Gibberellic acid addition, gave no appreciable increase in enzyme 

activity in all three varieties under optimum or mashing-in assay 

conditions, except the under-modified samples where a slight increase 

was detected. 

Phosphatases. 

Acid phosphatase activity under both sets of assay conditions 

was greatest for the variety Triumph, and least for the variety Golden 

Promise (Figure 38). An increasing pattern of acid phosphatase activity 

was observed throughout the modification levels from each variety 

with or without gibberellic acid treatment. Gibberellic acid treatment 

of the malt gave no visible stimulation of the acid phosphatase activity 

from all three varieties, except the under-modified malt samples from 

the variety Kym. 

Phytase activity from the three malted barley varieties gave a 

similar pattern to that of acid phosphatase for the gibberellic acid 

treated malt samples, Figure 39. The activity from Golden Promise 

was higher than that of Kym in all the modification levels. Activity 

from the Triumph malt samples without gibberellic acid treatment, 

peaked with the well-modified malt sample. The levels of activity for 

the under-modified and over-modified Kym malt samples without 

gibberellic acid treatment gave a similar result, the well-modified 

malt sample gave the highest activity for this treatment. Again, 

gibberellic acid treatment of the malt samples gave no increase in 

the activity of phytase. 
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Figure 38. Acid phosphatase activity from the micromalted varieties 

under different malting regimes. (Pooled S.D. for Optimum = 56.901 

and for Mashing-in == 43.630) 
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Figure 39. Phytase activity. optimum assay conditions, from the 

micromalted varieties under different malting regimes. (Pooled 

S.D. for Optimum = 48.576) 
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Figure 40. Activity of serine protease (A), leucine aminopeptidase (B) 

and carboxypeptidase A (C) type enzymes for optimum assay conditions 

from the micromalted varieties under different micromalting regimes. 

(Pooled S.D. for (A) • 1.380, for (B) • 2.102 and for (C) • 1.639) 
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Proteases. 

Serine protease type activity was greatest from the variety 

Triumph, with the activity from Kym slightly higher than that of 

Golden Promise. The results are given in Figure 40. An increase in 

activity was observed from the under-modified to the over-modified 

malt samples either with or without gibberellic acid treatment. The 

gibberellic acid treated malt samples gave slightly higher levels of 

serine protease type activity than the non-gibberellic acid treated 

samples. 

Leucine aminopeptidase type activity followed a similar pattern 

of activity through the modification levels to the serine protease 

type activity as shown in Figure 40. The variety with the highest 

leucine aminopeptidase type activity was Golden Promise. The activity 

for this group of enzymes was again slightly stimulated, but for the 

under-modified and well-modified samples with gibberellic acid 

treatment. Gibberellic acid treatment of the over-modified malt pro­

duced a decrease in activity when compared to the non gibberellic 

acid treated malts for Triumph and Kym. An increase in activity was 

detected with the Golden Promise over-modified, gibberellic acid 

treated sample. 

Carboxypeptidase A type activity also followed a pattern similar 

to the other protease enzyme activities Figure 40. The activity from 

this enzyme group was also slightly stimulated by gibberellic acid 

treatment. Enzyme activity from the variety Kym was highest for the 

under-modified and well-modified malts, but Golden Promise had the 

highest activity for the over-modified samples. Activity from the 

Golden Promise under-modified and well-modified malt samples were 

comparable within treatments, but the gibberellic acid treated samples 

were slightly higher. 

3.3.2 Production Malted Barley Samples. 

Samples of malted barley were obtained from the nine Chivas 

distilleries. These samples were collected from six maltsters and 
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represented three non-blended varieties, Camargue, Pipkin and 

Triumph, and two blends Triumph/Halcyon and Triumph/Natasha. All 

samples were deemed representative of the malt being received at 

the distilleries during September - December 1988. Each sample was 

within the Chivas Brothers' malt specification. 

This specification ensured that malt produced for the Company 

conformed with specified analytical parameters. The essential functions 

of this specification were to ensure that no processing problems were 

encountered within the Distilleries optimization of extract and spirit 

quality was of the required standard. 

All of the 126 samples were analyzed for a-amylase, f3-amylase, 

a-glucosidase, ~glucosidase, a-galactosidase, f3-galactosidase, 

a-mannosidase, ~mannosidase, N-acetyl-glucosaminidase, arabinosi­

dase and ~xylosidase. Due to the number of samples, statistical 

analysis was carried out on certain groups. These groups consisted 

of Triumph samples from all six maltsters, Triumph samples from three 

maltsters using a larger range of samples. All the varieties (single 

and blended), and malted barley received from Maltster B, but 

comparing Pipkin, Triumph/Natasha and Triumph. 

The statistical analysis carried out to decide if the results from 

the varieties or maltsters were significantly different was one-way 

analysis of variance. However, this was only the first step in the 

statistical analysis. The aim of these analyses was to decide which 

maltsters/varieties gave significantly higher levels of enzyme acti­

vities. The approach adopted for the second part of the analysis was 

that of Duncan's Multiple Comparison Test (Caulcutt and Boddy 1983). 

So as to ensure the validity of the statistical analysis the results 

within a group were drawn at random. Cochran's test was performed 

on the population standard deviations (Caulcutt and Boddy 1983), 

and it was established that the population standard deviations were 

all below the table values at the 95% significance level within the 

groups. 
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3.3.2.1 Effects of Maltster. 

U sing the variety Triumph, the results from all six maltsters 

were analyzed using the one-way analysis of variance technique. For 

all enzymes except ~galactosidase, arabinosidase and ~xylosidase no 

significant difference was detected between maltsters. A similar result 

was obtained when Maltsters A, Band F were analyzed, but using a 

larger sample size. However, the following enzyme activities were 

significantly different, f3-galactosidase, f3-mannosidase, N-acetyl­

glucosaminidase, arabinosidase and f3-xylosidase. 

By using Duncan's Multiple Comparison Test, the enzymic activity 

from the maltsters can be judged to be significantly different or 

similar. As the maltsters are ranked in terms of ascending average 

enzyme activity, those maltsters giving the highest enzyme activity 

can be determined. Results are given in Table 14 for Maltsters A to 

F supplying the variety Triumph. Those maltsters who show no 

significant difference are underlined. 

For a-amylase, no significant differences were detected between 

Maltsters C, E and F and also between A and D. However both groups 

were significantly different from each other and from Maltster B. 

f3-Amylase activity levels from the variety Triumph indicated no 

significant difference, at the 95% level, between Maltsters B, C and 

D in one group and A, D, E and F. No significant difference between 

Maltsters B, C, E and F was detected for a-glucosidase, while Maltsters 

A and D were not significantly different at the 95% level from each 

other, but were from the others. For ~glucosidase, there was a 

significant difference at the 95% level between pairs of maltsters and 

at the upper range of the I3-glucosidase activity there was no sig­

nificant difference at the 95% level between Maltsters Band E. With 

a-galactosidase, only Maltsters A and E were significantly different 

at the 95% level from the others. For j3r-galactosidase, Maltsters F and 

B were significantly different at the 95% level from the others. Only 

Maltster C displays any significant difference at the 95% level from 
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Table 1.. Duncan's Multiple Comparison Tesl for Ihe uriely Triumph from six 
different Maltsters. 

a-Amylase. 
Maltuer A D E C F B 
Mean 6328 .• 637 •. 6 7077.1 7087." 7096.1 7655.2 

B-Amylase. 
Maltster F E A D C B 
Mean 10493.7 10808.1 11319." 12271.3 13255.8 13856.5 

a-Glucosidase. 
Maltster D A C F B E 
Mean 0.866 0.927 1.144 1.201 1.207 1.275 

B-Glucosidase. 
Maltster A F D C B E 
Mean 37.655 38.754 40.475 41.176 42.163 "3.515 

a -Galac tosidase. 
Maltster A C D B F E 
Mean 56.289 64.585 65.175 66.086 66.384 71.697 

B-Galactosidase. 
Maltster E A C D F B 
Mean 34.377 34.422 35.040 36.170 39.509 43.738 

a -Mannosidase. 
Maltster C D A F E B 
Mean 11.415 12.893 12.896 12.964 13.494 13.984 

B-Mannosidas8. 
Maltster D A F E C B 
Mean 89.516 92.908 94.353 98.223 98.984 111.465 

N-Acetyl-glucosaminidase. 
Maltst,r A C D F E B 
Mean 51.574 55.435 57.510 59.582 62.642 63.124 

Ar abinosidase. 
Malts"r A D C E F B 
Mean 5.853 5.978 6.002 6.083 6.703 7.643 

B-Xylosidast. 
Maltster A E F C D B 
Mean 28.074 33.660 34.350 3'.572 36.187 "."36 



136 

the other Maltsters for the enzyme a-mannosidase. The enzyme 

f3r-mannosidase shows an unusual pattern of no significant difference 

at the 95% level. Maltsters A, D and F, Maltsters A, E and F and a 

third group containing Maltsters C, E and F show no significant 

difference at the 95% level within the group but difference between 

them. Maltster B was significantly different at the 95% level from all 

groups. For the enzyme N-acetyl-glucosaminidase no significant 

difference at the 95% level was found within the following groups, 

C and D, D and F, E and F and Band F, but there was difference 

between groups. Maltsters Band F gave significant difference at the 

95% level with the other Maltsters for arabinosidase. For the enzyme 

f3r-xylosidase no significant difference at the 95% level between the 

Maltsters C, D, E and F. 

By carrying out Duncan's Multiple Comparison Test on Maltsters 

A, Band F in the second one-way analysis of variance, a similar 

pattern emerged (Table 15). However, a slightly higher proportion of 

the enzyme activities gave no significant difference at the 95% level 

between Maltsters. Maltster B was significantly different at the 95% 

level for most enzyme activities. Again, a crude ranking of these 

Maltsters suggested that Maltster B gave the highest enzyme activity 

for all the enzymes studied, followed by Maltster F and then by 

Maltster A. 

3.3.2.2 Effects of Malted Barley Variety or Blend. 

During the period of sampling, Maltster B was supplying malted 

barley from the varieties Pipkin and Triumph, and from a blend of 

Triumph/Natasha. Statistical analysis, previously suggested that 

Maltster B gave the highest average enzyme activity when using the 

variety Triumph. The standard deviation from this Maltster was not 

significantly different at the 95% level from the other five maltsters. 

It was, therefore, assumed that this maltster would malt barley 

varieties consistently. Any differences would therefore be due to the 

effects of the variety or blend. 
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Table 15. Duncan's Multiple Comparison Test for the variety Triumph from three 
different Malts1ers. 

a-Amylase. 
Maltster A F B 
Mean 6698.5 7000.9 8180.~ 

8-Amylas •• 
Maltster F A B 

Mean 10202.8 11447.0 11868.9 

a -Glucosidase. 
Maltster A F B 
Mean 0.923 1. 10~ 1.193 

8-Glucosidase. 
Maltster A F B 
Mean 39.180 39.329 43.072 

a-Galactosidase. 

Maltster A F B 
Mean 58.049 65.198 65.605 

8-Galactosidase. 

Maltster A F B 
Mean 36.5~6 36.969 ~~.06~ 

a -Mannosidase. 
Maltster A F B 
Mean 12.195 12.596 14.309 

8-Mannosidase. 
Maltster F A B 
Mean 94.225 95.469 111.833 

N-Acetyl-glucosaminidase. 
Maltster A F B 
Mean 52.607 57.135 63.034 

Ar abinosidase. 
Maltster A F B 
Mean 6.049 6.293 7.891 

8-Xylosidase. 
Maltster A F B 
Uean 29.588 33.650 44.487 
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Table 16. Duncan's Multiple Comparison T.st 'or the varieties Pipkin (AI, 

Triumph/Natasha (81 and Triumph (CI supplied by Maltster 8. 

a-Amylase. 
Variety C 8 A 
Mean 7957.4 8000.0 9958.4 

B-Amylase. 
Variety 8 C A 
Mean 11510.7 13188.8 17891.8 

a-Glucosidase. 
Variely 8 C A 
Mean 1.006 1.068 1.192 

B-Glucosidase. 
Variety B C A 
Mean 42.760 43.839 57.394 

Q-Galactosidase. 

Variety C 8 A 
Mean 65.400 64.464 96.413 

B-Galactosidase. 
V.riety 8 C A 
Mean 42.932 44.074 45.154 

a-Mannosidase. 
Variety B C A 
Mean 14.508 15.105 24.438 

B-Mannosidase. 
Variety 8 C A 
Mean 111.459 1U.661 130.587 

N-Acetyl-glucosaminidase. 
V.riely 8 C A 
Mean 62.399 65.236 103.421 

Ar abinosidase. 
Variely 8 C A 

Mel" 7.710 7.874 8.988 

B-Xylosidase. 
V.riety B C A 
Mean 44.045 44.510 66.679 
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One-way analysis of variance showed a significant difference at 

the 95% level in the enzyme activities, except a-glucosidase, ~ga­

lactosidase and J3-mannosidase, for all enzymes between varieties and 

blends. Duncan's Multiple Comparison Test, (Table 16), showed that 

Pipkin was significantly different at the 95% level from Triumph and 

Triumph/Natasha for all enzyme activities, except a-glucosidase and 

~ galactosidase. No significant difference at the 95% level was detected 

in the three varieties when the results for these two enzymes were 

studied. Overall the average enzyme activities from Triumph/Natasha 

were slightly higher than Triumph, with one-way analysis of variance 

suggesting no significant difference at the 95% level being found 

between the two except N-acetyl-glucosaminidase activity. The average 

enzyme activity from Pipkin was higher than the others in all enzymes 

studied. 

Malted barley from the varieties Camargue, Pipkin and Triumph 

and from the blends Triumph/Halcyon and Triumph/Natasha were also 

analyzed using the statistical methods. However, these were not from 

a single maltster, and any effect due to maltsters may influence the 

overall results. 

The one-way analysis of variance suggested a significant dif­

ference at the 95% level in all enzyme activities between the varieties 

and blended varieties except a-glucosidase and J3-galactosidase. The 

variety with the highest enzyme activity was Pipkin, in all but 

~glucosidase (Table 17). However, there was no significant difference 

at the 95% level in activities between this variety, and Camargue and 

Triumph/Halcyon for a-glucosidase, as showed by Duncan's Multiple 

Comparison Test. Triumph, Triumph/Halcyon and Triumph/Natasha 

were not significantly different at the 95% level to each other in 7 

of the 11 enzymes. Camargue was supplied by Maltster C and could 

not be ranked successfully with the other varieties due to the erratic 

nature of its performance in the Duncan's Multiple Comparison Tests. 
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Table 17. Duncan's ~ultiple Comparison Test lor all varieties from all six 

~alt$ters. (A - Camargue, B - Pipkin, C - Triumph/Halyeon, 
o - Triumph/Natasha, E - Triumph) 

a-Amylase. 
Variety C E 0 A B 
~ean 6175.7 7120.1 8006.0 9491.7 10030.1 

B-Amylase. 
Variety A C 0 E B 
~ .. n 8541.8 10535.4 11891.6 12159.1 17780.4 

a-Glucosidase. 
Variety 0 E A B C 
~ean 0.960 1.071 1.152 1.247 1.432 

B-Glucosldase. 
Variety A 0 E C B 
~ean 36.287 41.814 42.422 44.321 57.993 

a -Galae tosidase. 
Variety 0 E C A B 
Mean 65.132 66.923 69.595 69.814 99.310 

I-Galae tosidase. 
Variety C E A 0 B 
~ean 36.123 37.432 38.694 41.960 45.487 

a-MannOSidase. 
Variety E A C 0 B 
Mean 13.612 13.914 14.818 14.873 24.975 

B-Mannosidase. 
Variety A E C 0 B 

Mean 76.922 100.229 101.191 111.100 129.244 

N-Aeetyl-glueosaminidase. 
Variety A E 0 C B 

Mean 56.046 59.629 62.182 65.617 105.861 

Ar abinosidase. 
Variety A E C 0 B 
Mean 6.339 6.599 6.671 7.623 9.005 

B-Xylosidase. 
Variety C E A 0 B 

Mean 35.143 35.609 42.343 44.320 69.242 
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3.4 Enzyme Activities In The Scotch Malt Whisky Process. 

The activities of malted barley enzymes are important in the 

production of the wort to be used by the yeast during the fermentation 

stage of Scotch Malt Whisky production. During the mashing process, 

the large polymers are broken down to their respective monomeric 

or oligomeric constituents. The wort produced is then cooled to a 

suitable temperature for yeast pitching and then fermented. These 

processes can be divided into two main sections, the first involves 

the mashing procedure, with its associated wort draining and the 

second, is fermentation itself. 

To obtain a complete overview of the enzyme activities, the 

carbohydrases were studied under optimal conditions for malted barley 

enzymes. Activities were also studied under the conditions found in 

the mash liquor, wort or wash at the time of sampling. This required 

the determination of several parameters for each process, and included 

pH, temperature, specific gravity, yeast viability, biomass, free amino 

nitrogen, protein and phosphate. The development of some major 

products of fermentation were also followed. These products of 

fermentation were not necessarily from a yeast fermentation, since 

bacterial fermentations may also be present. 

3.4.1 Mashing. 

The mashing processes employed in the production of Scotch Malt 

Whisky was explained in the introduction. The mash, which was studied 

was carried out under normal distillery procedures by an experienced 

distillery operator. It was therefore a typical mash for this distillery. 

Protein and phosphate analyses were carried out in duplicate on 

single samples. Soluble free a-amino nitrogen levels were determined 

in triplicate from a single sample. Enzyme analyses, for amylases, 

minor carbohydrases, arabinosidase, ~xylosidase and acid phos­

phatase, were carried out on two samples, in duplicate. The remaining 

enzymes were assayed in duplicate from a single sample. 
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3.4.1.1 Process Variables. 

To obtain results for the optimal and mash tun conditions for 

the enzyme activities, it was necessary to carry out a series of initial 

observations on the samples before storage. These observations 

ascertained the temperature and pH of the sample in the mash tun, 

before removing a sample from the main bulk of the mash. Other 

factors studied, included free amino nitrogen in the mash liquor, the 

solu ble protein content and the amount of free phosphate at the time 

of sampling. Results of these parameters are given in Figures 41 and 

42 (Table 20, Appendix II). 

The First Water. 

Mashing-in of the grist and mashing liquor was achieved at a 

temperature of 64.5OC to 65.5OC. During the 42 min of mashing-in, the 

temperature of the mash entering the mash tun was predominantly 

65.5°C. The pH of the mash, during mashing-in, was pH 5.54. During 

mashing-in, the temperature in the mash tun was 64.5OC with a pH 

of 5.48. Once mashing-in was completed the mash was mixed by raking 

for two revolutions. Samples were removed from the same region of 

the mash tun during the study. After raking the temperature in 

the mash tun was found to have dropped to 63.00c and the pH had 

fallen to pH 5.39. Through-out the remainder of the resting and 

draining stages of the first water both the temperature and pH were 

found to decrease. The temperature after 145 min (to the end of first 

water draining) fell to 60.5OC and the pH to pH 5.28. The samples 

were prepared as in Section 2.2.9.1. 

The initial level of soluble protein was in the order of 1.415 

mg/ml, but was reduced to 0.832 mg/ml in the mash tun during 

mashing-in. A similar reduction was observed with the free ~-amino 

nitrogen. After raking, both the protein concentration and free a-amino 

nitrogen levels were increased over the mash tun levels during 

mashing-in. Both were relatively constant during the remainder of 

the first water period. 
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process. Raking after water addition shown by arrows. 
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The concentration of phosphate ions during the first water period 

was relatively consistent during the resting and draining stages. 

However, a substantial difference was observed between the initial 

spout mashing-in level of 7.93 mM and the concentration in the mash 

tun after 22 min mashing-in, 6.03 mM. A similar pattern was found 

with the first water protein levels. 

The Second Water. 

Through-out the second water period the temperature of the 

mash bed was low, since the second water temperature at the mashing 

spout was 72OC. Monitoring of the mash bed temperatures from 

subsequent mashes (70.5 to 73.0 OC) indicated these temperatures to 

be correct. These low second water temperatures may not be typical 

within the industry as a whole, but were those being used in the 

distillery at the time. After one revolution of the mash tun rakes, 

the temperature of the mash bed was 64.0OC, and this decreased to 

59.0oC over a period of 65 min. The pH of the mash decreased during 

this period from pH 5.07 to pH 4.66. During the period of 215 min, 

from first water raking to the end of second water draining, the 

temperature reduction in the mash tun was 4.00c. The reduction in 

the pH over the same period was found to be 0.73 of a pH unit. 

The levels of soluble free a-amino nitrogen, protein and phosphate 

levels were quite significantly reduced between the mashing-in and 

fourth water values, as seen in Figures 41 and 42. All are probably 

affected by the length of time the mash was in the mash tun and 

by the temperatures used during mashing. During the period the 

mash bed was in the mash tun, many proteins may have been pre­

cipitated out of solution, as were the polyphosphates and other 

phosphate containing moieties. Many enzymes responsible for protein 

degradation and those for phosphate release will have been denatured 

or removed from the mash in the wort. 
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Sparging Waters. 

Both sparging waters are for the leaching of any molecules not 

removed by the previous two waters. Little, if any enzyme activity 

will be present at the elevated temperatures and low pH of these 

waters. This was evident from the low concentrations of free a-amino 

nitrogen, protein and phosphate present in the liquor. Most of the 

material made available from the sparge waters will be obtained from 

the husk and non-starchy endosperm parts of the malt. 

3.4.1.2 Enzyme Activities During Mashing. 

All enzymes investigated during the mashing process were studied, 

where applicable, under the temperature and pH of the mash at the 

time of sampling. The enzyme activities were also studied at the 

optimum conditions for the malt enzymes. 

Amylases. 

Under the conditions of mashing, it was observed from Figure 

43 that a-amylase activity was relatively stable during mashing-in 

and in the mash tun up to 22 min. Thereafter, a steady decrease in 

activity was observed to the end of the first water. Activity of 

~amylase was greatly reduced during the second water, only 19X 

after raking compared to the end of the first water draining. The 

activity pattern for the enzyme under optimum conditions was similar 

to the mashing conditions, during the first two waters. However, an 

increase in activity was detected after first water raking. The decrease 

in activity between the two waters was approximately 7~. Under 

both sets of assay conditions no a-amylase activity was found during 

the sparge waters. 

The activity of j3-amylase was determined under optimum conditions 

(see Figure 44) and the bulk of the activity was during mashing-in, 

immediately after grist and liquor mixing. Activity decreases by 92% 

between mashing-in and the mash resting in the mash tun for 22 

min from the commencement of mashing-in. At the end of the mashin.-in 

period and after raking, the activity increased slightly when compared 
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to the 22 min sample. However, after 85 min in the mash tun activity 

was very low, being only 2% of the mashing-in activity. A very slight 

activity, (16 E. V.) was detected during the second water, but this 

was a fraction of the initial activity. No f3-Amylase activity was present 

during the third and fourth waters. 

Minor Carbohydrases. 

The detailed levels of activity for the minor carbohydrase and 

phosphatase enzymes are given in Tables 21 and 22. Each enzyme 

was studied under mash tun conditions in addition to the optimum 

conditions for that enzyme. 

An overall decrease in a-glucosidase activity, under mash tun 

conditions (Figure 45), during the first waters was observed. Activity 

during mashing-in increased slightly after 22 min in the mash tun 

but after raking activity decreased. Optimum conditions gave a 

decrease in activity in the mash tun during mashing-in but increased 

after raking, activity then decreased until the end of the first water. 

Activity in the second water under both sets of conditions continued 

to decrease from the level found in the first water. No activity under 

both sets of conditions was found in the third and fourth waters. 

The activity of f3-glucosidase (Figure 46) during the mashing 

process followed a similar pattern for both sets of assay conditiams. 

The bulk of the activity was found during mashing-in, activity in 

the mash tun after 22 min decreased by 85.5% under mash tun 

conditions and by 79.5% for optimum conditions. Activity continued 

to decrease throughout the duration of the first and second waters 

and no activity was detected in the third and fourth waters. 

The activity from both sets of assay conditions for a-galactosidase, 

(Figure 47), followed similar patterns, with the optimum activity 

greater than the mash tun activity. Activity was greatest during 

mashing-in and steadily decreased to 85 min, then it increased to 
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the end of the first water. Initial second water activity was decreased 

by 60% under both sets of assay conditions. No activity was detected 

in the sparging waters. 

f3-Galactosidase activity (Figure 48) was greatest during the 

mashing-in process. Activity then decreased by 87.4% under mash 

tun conditions and by 76.8% for the optimum conditions after 22 min 

into the mashing process. Thereafter, activity decreased until the 

end of the second water. No activity was found in the third and 

fourth waters. 

Activity from both sets of assay conditions for the a-mannosidase 

enzyme (Figure 49) were very similar. A decrease in activity 

throughout the first and second waters was observed, with no activity 

in the sparge waters. Initial activity, especially under optimum 

conditions, was quite high during mashing-in, but activity fell rapidly 

thereafter. f3-Mannosidase (Figure 50) also was more active during 

mashing-in. After first water raking the activity had been reduced 

considerably and at the end of the second water only a very slight 

level of activity was detected. There was no activity of this enzyme 

during the third and fourth waters. 

Activity of N-acetylglucosaminidase (Figure 51) was found to 

follow a similar pattern to a-mannosidase, however activity fell rapidly 

after mashing-in, especially from the optimum assay conditions. 

Optimum and mash tun activities, in the mash tun, were quite similar 

and decreased throughout the period of mashing until the sparge 

waters. No activity was detected in the sparges. 

The activity of a-arabinosidase (Figure 52) followed a different 

pattern. After high levels of activity during mashing-in, the activity 

was reduced by approximately 35-45% after mash tun raking. Under 

optimum enzyme conditions, activity began to increase until 108 min 

and then fell to the end of first water draining. However, under 

mashing conditions, activity began to rise gradually. During the 
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second water the activity was relatively stable for the mash tun 

conditions assay, but decreased over this period for the optimal 

conditions assay. No activity was observed in the sparging waters. 

f3-Xylosidase activity (Figure 53) under optimum conditions 

decreased to 85 min and then increased steadily to 92% of the initial 

mashing-in activity at the end of first water draining. Under mash 

tun conditions the activity of f3-Xylosidase was relatively constant 

during the first water. Second water activity decreased by 75" from 

the initial mashing-in activity and gradually decreased. The second 

water activity, under mash tun conditions, followed a similar pattern 

but, the activity increased by approximately 115%. No f3-XyloBidase 

activity was detected during the third and fourth waters. 

Phosphatases. 

The activity of the enzyme acid phosphatase, (Figure 54), was 

greatest during mashing-in, and from this point was reduced during 

the first and second waters. No activity was detected in the sparge 

waters. Both sets of assay conditions were similar. The mashing time 

coarse activity of the phytase enzyme was only studied under the 

optimum assay conditions (Figure 55, Table 23, Appendix II). Activity 

was greatest after mashing-in and was reduced after mash tun raking. 

However, activity increased from mash tun raking up to 85 min in 

the mash tun before decreasing to the end of the first water. Activity 

during the second water remained relatively constant at approximately 

the same level as at the end of the first water. No activity was found 

during the third and fourth sparging waters. 

Proteinases and Proteases. 

The levels of activity for the general proteinase activity and 

proteases studied are detailed in Table 23. Each assay was carried 

out under optimal conditions only. 

General proteinase type activity (Figure 56) was relatively 

constant during mashing-in and up to 65 min into the mash. Thereafter 

activity began to decline until the end of the first water. Once raking 
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was completed, after second water application, general proteinase 

type activity was found to have decreased by 47% from the end of 

the first water. A decrease in activity was observed during the period 

of the second water, and no activity detected during the sparging 

waters. 

The levels of serine protease type activity (Figure 57) decreased 

from mashing-in until 108 min into the first water. From this time 

until the end of the first water activity increased. Activity was 

reduced by 13% from the end of the first water and after second 

water raking, activity was further reduced until the end of the 

second water. 

Leucine aminopeptidase type activity (Figure 57) rose after first 

water raking, once mashing-in was completed. Activity fell slightly 

up to 108 min into the mash and then began to increase until the 

end of the first water. Although second water activity levels were 

not greatly reduced from the end of the first water activity, an 

overall decrease in activity was observed during the second water. 

Carboxypeptidase A type activity (Figure 57) was relatively stable 

through-out the first water, with a very slight decrease in activity 

from mashing-in up to 85 min into mashing. Activity then rose to its 

maximum level at the end of the first water. Although a reduced 

activity was present at the beginning of second water raking, no 

further activity was detected during this water. 

No levels of serine protease, leucine aminopeptidase or car­

boxypeptidase type activities were detected during the duration of 

the third and fourth waters. 

3.4.2 Wort Draining. 

The mash from which the wort draining was studied, was carried 

out under normal distillery procedures by an experienced distillery 

operator. All parameters studied were similar to those during the 
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mashing process, i.e., all mashing-in temperatures and hot liquor 

temperatures were the same, the malt was supplied by the same 

maltster and was of the same barley variety. 

The process variables of protein, phosphate and soluble free 

a-amino nitrogen levels were determined in duplicate from a single 

sample. Enzyme analyses, for amylases, minor carbohydrases, 

arabinosidase, ~xylosidase and acid phosphatase, were carried out 

on two samples, in duplicate. The remaining enzymes were assayed 

in duplicate from a single sample. 

3.4.2.1 Process Variables. 

It was necessary to carry out initial observations on the wort 

collected, to find the wort conditions for enzyme activity in later 

experiments. Those parameters observed were the pH and temperature 

of the wort before it entered the wash back , along with the specific 

gravity. Further analyses were carried out on the wort and included 

the free amino nitrogen, phosphate and protein concentrations. The 

results for these six parameters are given in Figures 58 and 59 

(Table 24, Appendix II). 

During first water draining from the mash tun the temperature 

of the wort remained at a constant 200c. This was also the temperature 

of the wort in the washback at the end of first water draining. A 

similar result was obtained at the end of second water draining with 

the temperature of the wort to, and in, the wash back maintaining a 

constant 20OC. 

The pH of the wort from the mash tun when draining commenced 

was pH 5.14. The pH then rose to a maximum of 5.32 between 50 and 

70 min into the first water draining before falling to pH 5.32 at the 

end of first water draining. The pH of the wort in the wash back, at 

the end of first water draining was 5.11. During the second water 

draining, there was a decrease in wort pH from pH 5.25 to pH 4.92, 

with a final wash back pH of 5.02. 
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The parameter that is used to monitor aspects of efficiency in 

the distillery is specific gravity. By following this parameter during 

wort draining a concentration gradient is found throughout the period 

of first and second water draining. Specific gravity is taken as the 

amount of fermentable sugars present, but encompasses all components 

of the wort, including substrates available to the yeast during 

fermentation. The specific gravity is therefore dependent, not only 

on the malt mashed, but also on the ratio of grist to mashing liquor. 

The original gravities of the wash backs in a distillery can therefore 

be selected within a reasonably close band. Many metabolites studied, 

especially total carbohydrate, free amino nitrogen and phosphate, 

show very similar patterns to the specific gravity results. The bulk 

of the metabolites are released into the wort during first water 

draining and during the second water. Thereafter, subsequent waters 

will provide metabolites that are leached from the mash or by enzymes 

not inactivated by the second water temperature. 

Protein levels were found to follow a similar pattern to the specific 

gravity results, however the extent of the decrease in protein 

concentration during first water draining was not pronounced. Enzymic 

protein will be distributed heterogeneously within the wort in the 

mash tun, as would the non-enzymic protein. The effects of the mash 

bed as a filter also may be partially responsible for the more uniform 

concentration of protein throughout the first water draining period. 

The concentration of protein during the second water draining period 

was reduced by approximately 75%, compared to the first water protein 

concentrations. 

The pitching of the yeast into the washback was carried out 

after 7 min of first water draining. This enabled the fermentation to 

proceed as quickly as possible, but will affect the various parameters 

studied, due to yeast metabolism, and also the secondary converSlOn 

of malt enzymes in the wort. 
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3.4.2.2 Enzyme Activities During Wort Draining. 

All enzymes investigated during the first and second water, wort 

draining were done so, where applicable, under the pH and temperature 

of the wort when sampled. They were also assayed under the optimal 

conditions for the malted barley enzymes, determined previously. 

Amylases. 

During wort draining from the first water a steady decline in 

a-amylase activity was observed. A similar pattern was also found 

during second water draining. These results are shown in Figure 60. 

The activities for wort draining conditions and under mash tun 

conditions were comparable, although the activity of the a-amylase 

enzyme was greatly reduced under wort draining conditions. The 

residual activity was only 5-6% of the activity established under 

optimal conditions. This was found for all samples drawn. 

The activity of /3-amylase was only studied under optimal 

conditions, see Figure 61. Activity was found to decrease throughout 

the wort draining of both waters. Wort draining commenced 

approximately 60 min into the first water mashing cycle, and after 

15 min following second water raking. The activity of both a-amylase 

and J3-amylase in the drained wort was similar to that from the mashing 

process at the equivalent times. The dramatic decline in /3-amylase 

activity was not observed during wort draining since this occurred 

during mashing-in. 

The activity for both enzymes in the washback under optimal 

conditions are detailed in Table 26, (Appendix II). The activity 

decreased by approximately 30% for both between the end of first 

water draining and second water draining. a-Amylase activity under 

wort draining conditions was reduced by 43% between the two waters 

in the washback. This larger decrease in activity may be due to the 

differences in the pH of the wort in the washbacks between the two 

sampling times. 
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Minor Carbohydrase&. 

The results for the minor carbohydrases and phosphatases are 

detailed in Table 25 and 26, (Appendix II). 

The activity of ~glucosidase (Figure 62) for wort conditions 

during the first water draining exhibited a decrease up to 60 min. 

Between 60 to 90 min the levels began to rise from 3% of the initial 

activity at 0 min to 30% of the initial activity. Enzyme levels decreased 

during the 50 min period of second water draining. A similar pattern 

was obtained when the optimal enzyme conditions were studied. The 

minimum level of activity, under optimal conditions, was found after 

70 min during first water draining, and was 6% of the initial activity 

at 0 min. At the end of first water draining a-glucosidase activity 

had risen to 25% of the initial activity. Activities for both sets of 

assay conditions for a-glucosidase had decreased between 30 and 40% 

in the washback between the end of first water and second water 

draining. 

~Glucosidase activity (Figure 63) during first water draining, 

under the wort assay conditions, fell to zero enzyme units after 70 

min, thereafter, activity increased to 31% of the initial activity at 0 

min at 90 min. Activity fell throughout the period of second water 

draining and no activity was found after 40 min. Under optimal enzyme 

assay conditions, there was an increase in activity to 20 min into 

the first water draining, but it then decreased until the end of the 

first water. Second water activity decreased throughout the draining 

period. ~Glucosidase activity, under both sets of assay conditions, 

in the washback, at the end of both draining periods was reasonably 

high, in comparison to the levels during draining. 

The activity of a-galactosidase under wort draining conditions 

of pH and temperature, Figure 64, fell during the first 50 min into 

draining. Thereafter, a steady increase in activity until the end of 

the first water draining was observed. Second water draining activity 

decreased throughout the period of this water. Optimal assay 
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conditions of the enzyme gave a steady decrease in activity through 

the first water, followed by a further decline up to 20 min into the 

second water draining. Thereafter, activity began to rise until the 

end of second water draining. The activity of a-galactosidase in the 

washback at the end of both waters was comparable to the activity 

during draining. 

f3-Galactosidase activity, Figure 65, under both sets of enzyme 

conditions was found to decrease throughout both first and second 

waters. Activity in the washback once the wort draining was completed 

was approximately 30% of the initial activity at 0 min. This was the 

case for both sets of enzyme conditions. 

The activities of a-mannosidase (Figure 66), and I3-mannosidase 

(Figure 67), both followed similar patterns with initial activities of 

the optimal assay conditions quite high. These activities then declined 

up to 80 min into draining. A slight increase in activity was observed 

from this time until the end of first water draining. The activity 

patterns for both enzymes under wort assay conditions were also 

comparable. After an initial decrease in activity up to 20 min the 

levels of enzyme activity remained relatively constant throughout 

first water draining. 

Activity during the second water draining was only seen to any 

extent with a-mannosidase under optimal conditions. Little or no 

activity was detected after 20 min draining of the second water under 

wort assay conditions with ~mannosidase or f3-mannosidase. Only a 

slight activity was observed for /3-mannosidase under optimal 

conditions from the second water draining period. Washback levels 

of activity were much greater for a-mannosidase than for I3-man­

nosidase under both sets of enzyme assay conditions. 

The pattern of N-acetylglucosaminidase was similar for both sets 

of assay conditions (Figure 68). Activity decreased throughout the 

total draining period. The enzyme activity under wort conditions was 
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approximately 25% of the optimal enzyme activity In all samples. 

Activity levels after the completion of second water draining in the 

washbacks were quite high for both sets of enzyme conditions. 

Activity of arabinosidase (Figure 69), was relatively constant 

throughout the first and second water draining, although the activities 

in the second water were lower for the wort enzyme conditions. 

Enzyme activity in the washback after the second water draining 

under wort enzyme conditions was much reduced when compared to 

the end of the first water draining period. 

After an initial increase in activity of ~xylosidase, under optimum 

enzyme conditions, (Figure 70), the activity decreased steadily until 

the end of the second water draining. Under wort assay conditions 

of pH and temperature the activity of ~xylosidase declined up to 30 

min. The activity remained relatively steady from this time up to the 

end of first water draining. A decrease in activity was found during 

the second water draining for both sets of assay conditions. Activity 

in the washback, after second water draining, under wort assay 

conditions was relatively high, approximately 80% of the initial first 

water draining activity once draining had been completed. These high 

results in the washback may be due to the very high levels of activity 

found under optimum assay conditions, which are approximately 90% 

higher than the wort assay conditions activity. 

Phosphat&ses. 

The activity of acid phosphatase was found to decline steadily 

under both sets of enzyme assay conditions during the total period 

of wort draining (Figure 71). The levels of activity of phytase (Figure 

72) were studied under optimal assay conditions. Activity was greatest 

during the initial stages of wort draining but then decreased up to 

40 min into first water draining. Between 40 to 70 min the activity 

increased slightly before decreasing towards the end of the first 

water draining period. Activity during the second water draining 

decreased between 10 to 50 min. 
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Proteinases and Proteases. 

General proteinase type activity and the activities of the proteases 

studied are detailed in Table 27 (Appendix II). Each of the enzyme 

types studied were done so under optimal assay conditions only. 

General proteinase type activity increased slightly over the initial 

20 min period of wort draining (Figure 73). For the remainder of the 

first water draining, and during the second water draining activity 

decreased. A substantial activity remained in the washback after both 

waters had been drained from the mash tun. 

The levels of serine protease type activity (Figure 74) were 

present mainly during first water draining. Activity rose to a peak 

between 50 to 60 min before decreasing to 80 min. An increase in 

activity was found at 90 min during first water draining. The serine 

protease type activity decreased during second water draining. 

Activity in the washback after the second water had drained suggested 

a slight decrease from the level after first water draining. 

Leucine aminopeptidase type activity was found to increase 

slightly during the first 60 min of first water draining, (Figure 74). 

After this period the activity remained quite constant during the 

final period of first water draining and the whole of the second 

water. Activity was found to increase after second water draining in 

the washback. 

Carboxypeptidase A type activity was observed from Figure 74 

to decrease throughout the period of draining. Activity dropped 

significantly after 50 min draining of the first water. The carboxy­

peptidase A type activity was still shown to be present in the washback 

after second water draining, although the activity was determined 

under optimal assay conditions. 

3.4.3 Fermentation. 

Having obtained the wort from the malted barley grist, through 

the mashing and wort draining processes, it was now possible to 

initiate the fermentation process. This process is carried out by 
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pitching a quantity of yeast into the washback once the temperature 

of the wort in the washback has equilibrated to the required pitching 

temperature. As stated in the previous section on wort draining this 

temperature is approximately 200c to 22OC, and takes place after about 

7 min into the first water draining. The fermentation of the yeast 

on the malted barley wort commences within a very short lag phase. 

Distillery practice is to declare or set, i.e., zero hours for fermentation, 

the washback once the second water has completely drained to the 

washback. 

Because of the practical difficulties of monitoring a single 

washback, a series of four washbacks was studied through-out the 

fermentation time coarse. Each fermentation was mashed with the same 

malted barley variety from a single maltster, under normal distillery 

procedures, by experienced distillery operators. All primary distilling 

yeast was from the same batch and secondary strains were from the 

same supplier with the corresponding batch number. Each wash back 

was set within 8 hr of each other and comparisons were made between 

washbacks at 12 and 24 hr. Although only the results from the 

washback sequence were reported, results at each of these times 

were within a 95% confidence interval. The washbacks were inoculated 

with yeast once the temperature of the wort in the washback had 

stabilized. Fermentation began almost immediately, but 0 hr was deemed 

to be when the washback was set. 

The process variables of yeast viability, biomass, protein, 

phosphate and soluble free a-amino nitrogen levels were determined 

in duplicate from a single sample. Succinic acid, lactic acid, acetic 

acid, ethanol and glycerol results were obtained in duplicate from 

two single samples. Enzyme analyses, for amylases, minor carbohy­

drases, arabinosidase, (3-xylosidase and acid phosphatase, were carried 

out on two samples, in duplicate. The remaining enzymes were assayed 

in duplicate from a single sample. 
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3.4.3.1 Process Variables. 

It was necessary to carry out initial observations on the fermenting 

wort or wash to find the washback conditions for enzyme activities 

in the washback. These again consisted of temperature and pH. Further 

washback parameters were studied and included specific gravity, 

yeast viability, wash solids, free ~amino nitrogen, protein and 

phosphate concentration. In addition the major products of yeast and 

bacterial fermentation were measured to enable a more comprehensive 

study of fermentation as carried out in the production of Scotch Malt 

Whisky. The major products of yeast and bacterial fermentation studied 

were ethanol, glycerol, succinic acid, lactic acid and acetic acid. 

From the results in Figure 75, (Table 28, Appendix II) the washback 

temperature at the beginning of fermentation was 21OC. This increase 

in temperature in comparison to the wort draining temperature was 

due to a cooler ambient temperature. The fermentation rate is governed 

by several factors, and one of these is the initial temperature of the 

fermentation. Washback temperature remained constant at 210C during 

the first six hours of fermentation and then rose steadily to 300C 

after 22 hr. Thereafter, the temperature increased gradually to 320C 

at the end of fermentation. The pH profile of the washbacks studied 

gave a drop in pH from pH 4.92 at the beginning of fermentation to 

pH 4.02 after 20 hr. A rise in pH was then observed to 4.33 after 42 

hr. At the end of fermentation (46 hr) the pH was 4.27. If the fully 

fermented wash had been left over a longer period the pH would 

have fallen further. Studies in this laboratory have shown that the 

pH decline after approximately 40-48 hr is due to an increase in the 

bacterial population of the washback. Sometimes these bacterial 

fermentations after the main yeast fermentation are used to enhance 

certain types of whisky, i.e., American sour mash whiskey. 

It was possible to monitor the fermentation efficiencies by following 

the decrease in gravity during fermentation. From Figure 75, Specific 

Gravity, no fermentation problems were encountered with any of the 



1060 

1050 

>-
.~ 1040 
> 
tV 

~ 1030 
(J 

~ 1020 
(J 

CD 

~ 1010 

1000 

990 

35 

30 

~ 25 -
CD 
L.. 20 
~ ... 
tV 

Q; 15 
Cl. 

E 
CD 

I--

:c 
Q. 

10 

5 

0 

5.0 

4.8 

4.6 

4.4 

4.2 

0 

o 

180 

Specific Gravity. 

0 10 20 30 40 50 

Temperature Profile. 

10 20 30 40 50 

pH Levels. 

10 20 30 40 50 

Time into Fermentation (hr) 

Figure 75. Measurement of specific gravity. temperature and pH 
variables during the fermentation process. 



181 

washbacks studied. Yeast viability, Figure 76, remained above 90% 

until just after 30 hr and then fell to 30% viable at the end of 

fermentation. This result was expected during this type of distillery 

fermentation as was the biomass. The biomass weights rose steadily 

to peak between 22-38 hr before a decrease was observed (Figure 

76). 

Solu ble free a-amino nitrogen content, Figure 77, indicated the 

overall utilization of amino acids by the yeast during fermentation. 

A sharp decrease in the soluble free a-amino nitrogen content to 14 

hr was followed by an inactive period of amino acid uptake to 30 hr. 

The soluble free a-amino nitrogen content in the fermenting wash 

began to increase thereafter. The decrease in soluble free a-amino 

nitrogen content with its subsequent increase after 30 hr followed 

an inverse pattern to the wash biomass results. 

The protein concentration of the wash was determined throughout 

the fermentation, Figure 77, and a decrease over the initial 10 hr 

period was observed. During the next 20 hr period, a peak in protein 

concentration in the fermenting wash was seen at 20 hr. After 30 hr 

another smaller rise in protein levels was observed before the level 

declined towards the end of fermentation. This pattern in the solu ble 

protein content probably reflected the different biological systems 

found within the fermentation at different times. The initial decrease 

may be seen as the degradation of the malted barley proteins, with 

probably yeast proteins being released into the fermentation media 

up to 30 hr. Once yeast lysis occurs, yeast protein will increase in 

the wash may then be used by the bacterial population present In 

the wash. 

Phosphate levels, Figure 77, decreased rapidly over the first 12 

hr of the fermentation, from 24 hr until the end of fermentation an 

overall increase was observed. Phosphates from the malted barley 

have a buffering effect on the mashing enzymes, but are also required 

for yeast growth. 
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The major products of anaerobic fermentation by yeast are ethanol 

and C02, with the minor fermentation products being glycerol and to 

a certain extent succinic acid. During fermentation of the malted 

barley wort, the concentrations of ethanol, glycerol and succinic acid 

all increase steadily before reaching a plateau. However, the succinic 

acid levels decreased between 18 and 30 hr before rising towards 

the end of the fermentation. This effect on succinic acid is probably 

due to bacterial metabolism. The results of these end products are 

given in Figures 78 and 79 as detailed in Table 29, (Appendix II). 

Besides yeast fermentation end products, there are also the 

products from bacterial metabolism. Since the most common distillery 

associated bacteria are the Lactobacillus and Acetobacter, the levels 

of lactic acid and acetic acid were monitored throughout the fer­

mentation. Both these organic acids may be excreted from yeast. From 

Figure 79, the concentrations of lactic acid and acetic acid began to 

rise rapidly towards the end of active yeast fermentation. Thus 

suggesting a bacterial fermentation was proceeding within the bulk 

of the wash. 

3.4.3.2 Enzyme Activities During Fermentation. 

Enzyme activity was carried out under fermentation conditions 

of pH and temperature where applicable, and under optimum enzyme 

conditions. Optimal enzyme conditions, as stated previously, are for 

the malted barley enzymes. 

Amylases. 

During fermentation conditions the activity of a-amylase decreased 

by 263 E. U. after the first 12 hr of fermentation. After this period 

the activity of a-amylase remained relatively low (5-14 E.U.), although 

there was a very slight increase between 30 hr and the end of 

fermentation. Under optimal a-amylase conditions the pattern of 

activity was very similar to that found under fermentation conditions. 

However, the level of activity is 15 to 25 times higher under the 

optimal conditions. This is illustrated in Figure 80. 
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a-Amylase activity in the fermenting wash, from these results, 

can therefore be attributed to the malted barley enzymes, but under 

fermentation conditions was minimal. Although the slight rise in 

activity towards the end of fermentation may be due to microbial 

a-amylase. 

The activity of (3-amylase during fermentation is given in Figure 

81. Most of the activity was probably attributable to the malted barley 

(3-amylase since the relative activity remained constant, 500 - 600 

E. U., during the first 26 hr of fermentation. The activity of j3-amylase 

at the beginning of the fermentation was reduced by 85 fold when 

compared with the activity during mashing-in. This dramatic decrease 

suggests that the activity in the fermenting wash would be at a 

minimum. 

Minor Carbohydrases. 

The results for the minor carbohydrases during fermentation are 

detailed in Tables 30 and 31 in Appendix II. 

Under optimal enzyme conditions, Figure 82, a-glucosidase activity 

was found in three distinct peaks during the fermentation period. 

The highest activity was found after 16 hr into the fermentation with 

other peaks of activity at 4, 24 and 34 hr. Activity levels observed 

under fermentation assay conditions, Figure 82, gave activity peaks 

at 16, 24 and 30 hr. The greatest activity was observed at 16 hr 

into fermentation. a-Glucosidase under both sets of assay conditions 

gave a similar profile throughout fermentation, but the activity from 

the fermentation assay conditions was lower. 

The activity of the j3-glucosidase enzyme was observed as four 

distinct areas during the fermentation (Figure 83). Under fermentation 

and optimal assay conditions, peaks of activity were observed at 6, 

12, 18 and 26 hr, with a further peak at 2 hr under optimal assay 

conditions. The activity from optimal assay conditions was highest 

during the initial part of the fermentation, activity was decreased 
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Figure 82. a-Glucosidase activity under fermentation ,e-e) 

(Pooled S.D. • 0.051) and optimal (0-0) (Pooled S.D. • 0.048 
conditions during the fermentation process. 

o 10 20 30 40 50 

Time Into Fermentation (hr) 

Figure 83. B-Glucosidase activity under fermentation (e-e) 
(Pooled S.D. • 0.052) and optimal (0-0) (Pooled S.D. • 0.085) 
conditions during the fermentation process. 
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during the middle section, but again increased during the latter 

stages of fermentation. When fermentation assay conditions were 

studied, activity was greatest during the middle part of fermentation. 

a-Galactosidase and j3-galactosidase activities (Figures 84 and 85) 

were found to follow a different pattern from the glucosidases. The 

activity of both enzymes, under the fermentation assay conditions, 

follow a similar pattern, both having initial peaks of activity at the 

beginning of fermentation. However, in both cases activity peaks at 

18 hr but does not decline until after 24 hr. A peak of activity is 

observed towards the end of fermentation at 42 hr. The activities of 

the enzymes under optimal assay conditions also follow this pattern, 

but do not decline until after 30 hr. This type of enzyme activity 

pattern during the middle period of fermentation could be caused 

by the yeast enzymes being more stable in the fermentation envi­

ronment, or less prone to microbial proteinases. 

a-Mannosidase activity, under both sets of assay conditions, 

decreased until 16 hr (Figure 86). Thereafter, a slight increase in 

activity, up to 20 hr was observed. An increase in activity, with 

optimal assay conditions was detected towards the end of the fer­

mentation. In contrast the activity of the f3-mannosidase (Figure 87) 

followed a similar pattern to the glucosidase activities. Both assay 

conditions gave quite high levels of activity during the initial period 

of the fermentation. During the middle section of the fermentation 

the activities were similar, with a peak of activity at 20 hr. A different 

f3-mannosidase enzyme was present during this part of the fermentation 

than found during the initial period of fermentation. Assay conditions 

may not be optimal for this enzyme during this period, due to very 

similar levels of activity from both assays. There was a further rise 

in activity towards the end of fermentation at 42 hr. 

N-Acetylglucosaminidase activity under fermentation conditions 

indicated two small peaks of activity during the first 8 hr of fer­

mentation, with another two small peaks between 10 and 20 hr (Figure 
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Figure 84. a-Galactosidase activity under fermentation (e-e) 

(Pooled S.D. = 0.099) and optimal (0-0) (Pooled S.D. = 0.145) 

conditions during the fermentation process. 
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Figure 85. B-Galactosidase activity under fermentation (e-e) 

(Pooled S.D. - 0.056) and optimal (0-0) (Pooled S.D. 0.127) 

conditions during the fermentation process. 
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Figure 86. a-Mannosidase activity under fermentation (e-e) 
(Pooled S.D. = 0.097) and optimal (0-0) (Pooled S.D. • 0.128) 

conditions during the fermentation process. 
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Figure 87. B-Mannosidase activity under fermentation Ie-e) 
(Pooled S.D. • 0.034) and optimal (0-0) (Pooled S.D. • 0.064) 
conditions during the fermentation process. 
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88). Thereafter, activity increased during the remainder of the 

fermentation. Under optimal assay conditions N-acetylglucosaminidase 

activity displays a similar pattern, but with the highest activity 

during the first 6 hr of fermentation. The activity pattern of 

N-acetylglucosaminidase was similar to that of a-galactosidase during 

fermentation. 

Arabinosidase, Figure 89, activity under both assay conditions 

was greatest during the middle section of fermentation. After 12 hr, 

the activities from both sets of assay conditions were similar. However, 

a large peak of activity was detected 20 hr into the fermentation 

under optimal assay conditions. This would suggest an arabinosidase 

activity associated with the yeast. 

The enzyme activity profile of (3-xylosidase, Figure 90, under 

optimal conditions rose slightly at the beginning of fermentation and 

then decreased until 16 hr. Thereafter, the enzyme activity increased 

to approximately 50% of the initial activity after a further 4 hr and 

remained at this level until the end of fermentation. Enzyme activity 

under fermentation assay conditions increased gradually until 24 hr. 

(3-Xylosidase activity steadily increased until the end of fermentation, 

where it was 234% higher than the initial activity. 

Phosphatases. 

Acid phosphatase under both sets of assay conditions decreases 

gradually throughout the period of fermentation (Figure 91). Activity 

declines by 82% under fermentation conditions and by 91% when the 

optimal assay conditions were studied. 

Phytase activity under optimal assay conditions (Figure 92) was 

observed to follow a similar pattern to the proposed three enzyme 

population system. Major activity peaks are found after 4, 16 and 30 

hr. The latter activity at 30 hr was spread throughout the latter 

stages of the fermentation from 20 to 46 hr. 
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Figure 89. Arabinosidase activity under fermentation (e-e) 
(Pooled S.D. • 0.050) and optimal (0-0) (Pooled S.D. • 0.084) 
conditions during the fermentation process. 
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Figure 90. B-Xylosidase activity under fermentation (e-e, 
(Pooled S.D. • 0.257) and optimal (0-0) (Pooled S.D. • 1.089) 

conditions during the fermentation process. 
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Figure 91. Acid phosphatase activity under fermentation (e-e) 

(Pooled S.D. = 0.381) and optimal (0-0) (Pooled S.D. • 0.752) 

conditions during the fermentation process. 
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Proteinases and Proteases. 

The activity levels from the general proteinase type activity 

(Figure 93) can be divided into three distinct groups with peaks of 

activity at 4, 18 and 46 hr. 

The activities of the proteases studied are given in Figure 94. 

It was observed that the largest peak during the study of the serine 

protease activity occurred during the initial stages of fermentation. 

Activity during the remainder of the fermentation was also present 

but at lower levels. With the leucine aminopeptidase activity, the 

major part of the activity was found during the middle period of the 

fermentation. Carboxypeptidase A activity was most prominent during 

the latter stages of fermentation. 
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Figure 93. General proteinase type activity under optimal (Pooled 

S.D. = 0.884) enzyme conditions during the fermentation process. 
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A (Pooled S.D. = 0.862) activities under optimal enzyme 

conditions during the fermentation process. 
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3.5 Carbohydrate Concentrations During Scotch Malt Whisky Processes. 

The activity of the amylase enzymes on the malted barley starch 

are responsible for the production of the fermentable sugars and 

oligosaccharides in the wort. It is the production of these 

carbohydrates during the mashing, wort draining and initial stages 

of fermentation, and the utilization of them during fermentation that 

is responsible for yeast metabolism. Fermentable sugars are those 

that are easily utilized by the yeast during fermentation and include 

glucose, maltose and maltotriose. The non-fermentable sugars, oli­

gosaccharides and starch, should also be studied since their 

degradation produces fermentable sugars through the activity of the 

amylases. 

3.5.1 Mashing. 

From Figures 44 and 45 it was observed that the activities of 

amylases during the mashing process were mainly found during 

mashing-in and throughout the first mashing water. During 

mashing-in, the grist and mashing liquor are rapidly mixed. This 

eases gelatinization of the starch particles in the grist, allowing 

immediate access for the malted barley amylases on the starch grains. 

The activity of the enzymes at this stage is very high, and starch 

hydrolysis is very rapid. However, due to the elevated temperatures 

used during mashing-in, the ~amylase enzymes were rapidly 

inactivated. The levels of fermentable sugars, especially maltose will 

be rapidly produced during mashing-in. Figures 95 and 96 show the 

levels of the different carbohydrate fractions during the mashing 

process. 

Carbohydrate analysis was carried out using an HPLC assay, and 

as can be expected from such a procedure the results were easily 

quantified. During mashing-in 84.5% of the carbohydrate that was 

quantified was fermentable sugars, (see Table 33, Appendix II), with 

approximately 80.0 g/1 of maltose and 14.3 gil of glucose and 15.5 
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the mashing process. Raking after water addition shown by arrows. 
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gil of maltotriose. Oligosaccharides larger than maltodecanaose and 

starch account for 10.5 gil of the total carbohydrate at the time of 

mashing-in. 

During the first water period, several changes in the carbohydrate 

profiles were distinguishable by HPLC. The increase in the fermentable 

sugar fraction was due to increases in maltose by 3.5 gil and 

maltotriose by 5.4 gil. This overall increase in the fermentable sugars, 

during the first water period was 8.70 gil. The levels of starch and 

larger oligosaccharides at the end of the first water period, in the 

mash tun, was reduced by 4.3 gil. 

The profiles of oligosaccharides, maltotetraose to maltoheptaose, 

also varied during first water draining in the mash tun (Figure 

95). The maltotetraose concentration decreased by 2.87 gil, malto­

pentaose increased by 1.00 gil and maltoheptaose was reduced by 

only 0.57 gil. Although the concentration of maltohexaose varied 

slightly during first water draining, there was no overall effect in 

its concentration, and it remained at 1.94 gil at the end of the first 

water draining. 

During the second water draining the levels of individual 

carbohydrates, quantified by HPLC analysis, were similar after raking 

and at the end of the draining period. However, an increase in the 

carbohydrates was detected 15 min into the second water. This increase 

may be explained by the short resting time in the mash tun before 

draining commences. Fermentable sugars were present in larger 

concentrations in the second water, starting at 92.4% of the total 

carbohydrate and falling to 91.3% at the end of draining. 

The concentration of carbohydrate obtained from the third and 

fourth waters in the mash tun were low. The fermentable sugars 

made up 87% and 83% of the totals respectively. The carbohydrates 

obtained from these waters would be used in the subsequent mash. 

The total carbohydrate profile from all samples taken during the 

mashing process is shown in Figure 97. 
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3.5.2 Wort Draining. 

During mashing the carbohydrate profiles were followed in a 

mash tun environment. However, in the wort draining part of the 

process it is the carbohydrate profile of the cooled wort, after 

draining from the mash tun before it enters the washback that is 

being studied. The mashing and mash tun draining processes are 

therefore of importance when the results of this study are being 

interpreted. Before mashing-in it is normal practice to fill the false 

bottom of the mash tun with mashing liquor. This prevents air locking 

once draining commences. The first runnings of the wort from the 

mash tun would be expected to be dilute in wort carbohydrate, as 

shown in Figures 98 and 99. The highest total wort carbohydrate 

was not however detected until 20 min into first water draining 

(Figure 100). 

A carbohydrate gradient was present during the period of first 

water draining, Figures 98 and 99, from 20 min into draining. The 

concentrations of starch, maltoheptaose, maltohexaose, maltopentaose 

and maltotetraose decreased from 10 min into first water draining 

until draining was completed. It was observed that maltotriose, maltose 

and glucose followed a similar pattern, but the decrease in con­

centration began after 20 min. As expected, the total carbohydrate 

profile also followed a similar pattern. When the percentage of 

fermentable sugars to the total carbohydrate was calculated, an 

increase from 0 min to 40 min was found. This was followed by a 

0.8% decrease in fermentable sugars over the next 20 min period 

before levelling out at 87.8% until the first water draining was 

complete. 

The concentration of the maltotetraose component behaved dif-

ferently to the other carbohydrates. Maltotetraose, decreased in 

concentration to 1.88 gil from the initiation of draining up to 50 min. 

Thereafter the level of maltotetraose increased steadily up to 80 min 

into draining before falling slightly to 3.68 gil. Carbohydrate levels 
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at the end of draining were similar to those after 40 min draining, 

however this did not apply to maltotetraose. The concentration of 

maltotetraose was highest in the washback after first water draining 

was completed. The pattern of the maltotetraose concentration may 

be caused by a-amylase activity on larger oligosaccharides that are 

hydrolyzed to give maltotetraose and other carbohydrates, larger 

than maltoheptaose. This pattern was not however observed during 

the mash tun studies. 

Wort draining of the second water gave higher levels of all 

carbohydrates at 0 min. This was probably a result of wort from the 

false bottom and pipe-work that had not drained during first water 

draining. All carbohydrates decreased in concentration as the second 

water draining progressed, however a slight increase in maltose 

occurred from the last sample from the second water draining. 

The final carbohydrate profile in the washback after all wort has 

been drained is given in Figure 100. 

3.5.3 Fermentation. 

Carbohydrate profiles during the fermentation process followed 

a similar pattern for each individual carbohydrate, as did the total 

carbohydrate (Figures 101, 102 and 103). This type of study also 

demonstrates the continued activity of the malted barley amylase 

enzymes during the initial stages of fermentation. Results for this 

process are tabulated in Table 35, (Appendix II). 

When the total carbohydrate profile was compared with the specific 

gravity results (Figure 75), both follow a very similar pattern. The 

percentage of the fermentable sugars in the total carbohydrate, 

decreased slightly during the first 3 hr of fermentation, but then 

increase by 1.9%. From this point until 12 hr into the fermentation, 

the decrease in fermentable sugars was slight, only 2.8X. Thereafter 

this decrease was more dramatic and at the end of the fermentation 

only 31.8% of the total carbohydrate was fermentable sugars. 
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Figure 102. Glucose (e-el (Pooled S.D. • 0.2131. maltose (.-.) 
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Maltotetraose was found to follow a near linear decrease, but 

utilization of this component was slow. During the 46 hr of fermentation 

only 0.88 gil of the maltotetraose was utilized. Maltopentaose gave 

an initial increase in concentration of 0.98 gil, presumably due to 

malted barley enzyme activity, but this fell rapidly to the initial level 

after 4 hr. However, from 4 hr to 20 hr a slight increase in maltopentaose 

concentration was detected before a decrease took place with a 

subsequent levelling off in concentration to 1.20 gil after 30 hr. 

Maltohexaose, maltoheptaose and starch followed a similar pattern to 

each other, and are used throughout the first 26 hr of fermentation. 
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4 DISCUSSION. 

4.1 Assay Method Development. 

There is a requirement for specific substrates in order to assay 

for specific enzyme activities in a complex mixture of enzymes, as 

found in a malted barley extract. Most of the assays developed for 

cereal amylases, require the enzyme to be purified or partially purified, 

due to the non-specific substrates used. In many of these assays 

the substrate is invariably starch. Such assays can be tedious, vary 

depending on the starch substrate used and due to assay conditions 

(Asp 1990). Interference by other starch degrading enzymes may 

cause other problems if purified enzymes are not used. Some of these 

difficulties may be overcome by using chromatogenic starch (Kennedy 

et. ale 1988) or malto-saccharide substrates (McCleary and Sheehan 

1987 ). 

The use of the Phade bas test tablet was suitable for the assay 

of a-amylase from a malted barley extract (see Section 3.1.1.). The 

action of a-amylase on the water insoluble, cross linked starch polymer 

of the Phadebas test tablet releases a water soluble blue dye. The 

absorption at 620 nm of the blue solution was a function of the 

~amylase activity. This was suggested through the series of 

experiments for substrate utilization, and also from enzyme activity 

under different buffer conditions. By using a heat inactivation step, 

it was possible to demonstrate that the a-amylase from malted barley 

had a requirement for malto-oligosaccharides of six glucose units or 

higher. 

The high, non-heat treated activity of the enzyme preparation 

on ~-nitrophenyl maltotetraose and ~nitrophenyl maltopentaose 

implied that other amylolytic enzymes were hydrolyzing these sub­

strates. This could have been due to the a-glucosidase used as the 

coupling enzyme in the reaction for the release of ~-nitrophenol from 

the degradation products of the a-amylase activity. Another possible 

enzyme was (3-amylase, present in the crude enzyme preparation. No 
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activity was detected from the heat treated when preparation 

.12-nitrophenyl maltotetraose and .12-nitrophenyl maltopentaose were 

used as substrates. Malted barley a-amylase was only able to use 

.12-n itrophenyl substrates greater than .12-nitrophenyl maltohexaose. 

This is in general agreement with MacGregor and MacGregor (1985). 

The yeast a-glucosidase did not use .12-nitrophenyl maltopentaose and 

only .12-n itrophenyl maltotetraose to a limited degree. Activity on the 

.12-nitrophenyl maltotetraose and .12-nitrophenyl maltopentaose sub­

strates was therefore due to (3-amylase. 

Previously reported assays for the determination of ~amylase 

had been developed using non-specific reducing sugar assays with 

starch as the substrate. These methods were limited for the 

quantitative determination of i3-amylase in complex mixtures of 

carbohydrate hydrolyzing enzymes. As a result, these assays were 

measuring total saccharifying activity. The work of Mathewson and 

Seabourn (1983) showed the suitability of .12-nitrophenyl malto-oli­

gosaccharides for the determination of (3-amylase activity, but the 

method was not ideal. 

The method of Mathewson and Seabourn was used as the basis 

for the determination of (3-amylase activity (see Section 3.1.2.). The 

preferred substrate of (3-amylase under the conditions of the assay 

was .12-nitrophenyl maltopentaose. This substrate was not hydrolyzed 

by malted barley a-amylase, nor the yeast a-glucosidase which was 

used as a coupling enzyme in the assay. This was demonstrated by 

a series of experiments using different buffer conditions. 

Figure 104 summarizes the activity of both a-amylase and (3-amylase 

from a crude malted barley extract using their respective assays, 

but with additions to the buffer systems as outlined in Table 3. The 

a-amylase assays were also carried out using the 0.1 M Phosphate 

buffer, pH 7.1 since this activity was minimized when assaying for 

(3-amylase activity. a-Amylase activity from malted barley was 

dependent on added Ca2+ ions in the buffer system for maximum 
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o a-Amylase. 
rzJ 8-Amylase. 

Buffer Type. 

Figure 104. Activation and inhibition of the crude a-amylase enzyme 

using the Phadebas assay system and the crude 8-amylase enzyme 

using the 4-nitrophenyl maltopentaose assay system. Buffer type 1 -
0.1 M Phosphate, pH 7.1,2 - As 1 with 1mM Caz

+, 3 - As 1 with 10 
mM EDT A, 4 - As 1 with 10mM Ascorbate,S - As 4 with 1 mM Ca

z
+, 

6 - As 4 with 10mM EDTA. 
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activity. EDTA addition inhibited a-amylase under these assay 

conditions. ra-Amylase activity was unaffected in the presence of Ca2+ 

ions or EDTA, but was inhibited in the presence of ascorbic acid this 

inhibition was overcome using EDTA. 

The mechanism of ascorbic acid inhibition on ~amylase is through 

a copper catalyzed oxidation of the ascorbic acid to form an ascorbate 

free radical. This free radical is then attracted and bound to the 

readily available disulphide groups of cysteine and methionine side 

chains within the ra-amylase molecule. Ascorbic acid inhibition of the 

ra-amylase molecule is non-competitive (Baker &. Smiley 1985) suggesting 

that the disulphide groups are not at the active site. Activation of 

the enzyme by the chelating group EDTA in the presence of ascorbic 

acid may be due to conformational changes within the ~amylase 

molecule. EDTA either prevents the formation of complexes of the 

ascorbic acid derivative, copper ion and the disulphide groups of 

the ra-amylase molecule or disrupts them. This may make the active 

site of the enzyme more susceptible to the substrate molecule. 

During the preparation of this thesis, a similar assay for the 

determination of ra-amylase was published (McCleary &. Codd 1989). 

However, the assay of McCleary &. Codd used a 0.1 M maleate buffer, 

pH 6.2 with EDTA addition at a concentration of 1 mM. The yeast 

a-glucosidase was incorporated into the substrate and was also at 

saturation levels. A further difference was that the temperature of 

incu bation was only 400c in the McCleary &. Codd method. 

Although a-amylase and (3-amylase are the major starch hydro­

lyzing enzymes of malted barley, other enzymes are present in the 

malt that will contribute to the degradation of starch and other 

carbohydrates. The use of ~-nitrophenol labelled substrates would 

enable many carbohydrases to be assayed in the complex mixture 

found in a malted barley extract. Many of these enzymes have already 
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been characterized from other fields of research but few have been 

studied from distilling malt, nor through the processes involved in 

the production of Scotch Malt Whisky. 

Assays were modified for use with a malted barley extract and 

the final assay parameters for each enzyme is given in Table 10. At 

the time of this study the malted barley of choice, within the industry, 

was Triumph. All enzyme parameters were established using this 

variety. During enzyme method development, it was assumed that the 

enzyme parameters would be the same for each different variety. 

Although this assumption was probably valid there may be factors 

that affect the individual varieties, i.e., geographical area, envi­

ronmental conditions during barley development, malting conditions, 

malting plant. 

The results indicated that the developed or modified assays were 

applicable for the malted barley enzymes under study. Although those 

assays for a-glucosidase and arabinosidase were not entirely optimum 

for the chosen conditions due to the high k. value (Table 11). In 

general the more tightly a substrate binds to the enzyme the lower 

the value of k •• 

The work of Mitchell and Newman (1972) and Houston et a1 (1974) 

mainly characterized the a- and ~mannosidases. Assay conditions 

from both studies were different to those developed in this work, 

as was the calculation for Q-nitrophenol concentration. Calculation 

by Mitchell and co-workers was by the Beer-Lambert Law at 420 nm, 

whereas the standard curve method was used in this study. 

These assays were suitable for studying the enzymes in the 

complex mixture of hydrolases in a malted barley extract. They would 

therefore be suitable for studying enzyme activities and patterns in 

the wort and wash from the Scotch Malt Whisky processes of mashing, 

wort draining and fermentation. Although the assays for a-glucosidase 

and arabinosidase were not ideal, the specific nature of the substrates 
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made them suitable. The phosphatase, proteinase and peptidase assays 

were also appropriate for investigating these enzymes during the 

Scotch Malt Whisky processes. 

4.2 Amylase Activities From Different Sources. 

The assays for amylase activities were developed for use with 

malted barley enzymes, however, they were applicable for the 

determination of amylases from other sources. From the experiments 

carried out, the a-amylases from different sources gave different 

activities depending on the buffer system used. 

The a-amylase from B. licheniformis does not have a requirement 

for calcium ions unlike the enzyme from B. subtilis. Ascorbic acid 

has little effect on the activity from B. su btilis, but does have a 

slight inhibitory effect on B. licheniformis a-amylase. Copper inhibition 

affects the B. licheniformis enzyme to a greater extent. The enzymes 

from both sources show no activity when l!-nitrophenyl maltopentaose 

was used as substrate, but a slight activity was noted with l!-ni-

trophenyl maltoheptaose, this was in agreement with Ohnishi et.a1. 

1990. However, this activity was minimal. 

The mammalian a-amylases show that they have an absolute 

requirement for calcium ions, and are inhibited to a certain degree 

by ascorbic acid and copper ions. The porcine pancreas enzyme gave 

a slight activity when both l!-nitrophenyl maltopentaose and l!-ni­

trophenyl maltoheptaose were used as substrate. No activity was 

present using l!-nitrophenyl maltopentaose as substrate with the 

human saliva a-amylase, but a slight activity was detected with 

l!-nitrophenyl maltoheptaose. 

Amylolytic activity from malted barley, although not having an 

absolute requirement for calcium ions, requires added calcium ions 

in the assay buffer solution to achieve its optimal activity. Ascorbic 

acid has an activation effect in the presence of calcium ions, but the 

reverse was found with added EDTA. A similar mechanism to that of 

f3-amylase, as discused earlier, may be present. Since the malted 
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barley a-amylase used for this study was a crude preparation, activity 

on the Q-nitrophenyl maltopentaose and Q-nitrophenyl maltoheptaose 

substrates was expected. 

a:-Amylase activities from the bacterial, plant and mammalian 

sources were not similar using the basic malted barley assay conditions. 

Although, this was based on only results from different buffer 

compositions and not on pH and temperature conditions. The review 

by Marschall et a1 (1982) indicates the differences in temperature 

stability between the plant and bacterial enzymes. While the work of 

Ceska et a1 (1969) shows the conditions required for mammalian 

a:-amylases. However, all the a-amylases from each group gave activity 

when the malted barley a:-amylase assay conditions were used. 

As with the a-amylases from different sources, it was evident 

(Table 13) that l3-amylases from malted barley and sweet potato gave 

different responses to activating and inhibitory compounds. 

Two sources of l3-amylases were compared, malted barley and 

sweet potato. All the preparations were from supposedly purified 

l3-amylase but, all gave activity with the Phadebas a-amylase assay, 

this indicated residual a:-amylase activity. 

Since the malted barley l3-amylases were obtained as standardized 

at 200()o Lintner, they should have been suitable for the preparation 

of ~ limit dextrin for the determination of a-amylase by the a-amylase 

International Method (loB 1982). Obviously they were not, due to the 

activity observed using the Phadebas assay. This method should now 

be considered for replacement, with an assay employing a specific 

substrate for a:-amylase. 

Comparison of the two sources of l3-amylases show very similar 

activities in all six buffer systems. The level of activity within the 

groups was also similar, as expected. Greatest activity was found 

with no additions to the basic buffer system, but the activity with 

added EDTA was lower than with added calcium ions. 



218 

4.3 Enzyme Activities From Micromalted Barleya. 

All samples from each malt modification, with or without gibberellic 

acid, were micromalted under a similar malting regime. Malt parameters 

were studied to ensure the range of modifications for each variety 

were accurate. Although the use of added gibberellic acid in the 

production of distilling malt is prohibited, comparisons of the affects 

of this naturally occurring plant hormone (Palmer 1974) can be made 

between modifications. Gibberellic acid accelerates the synthesis 

and/or release of enzymes into the endosperm to degrade endospermic 

material. The range of modification of the micro-malted samples were 

increased by those samples treated with added gibberellic acid. 

From the coarse and fine hot water extracts (Figure 25), Triumph 

gave the highest extracts with or without gibberellic acid, followed 

by Golden Promise and then Kym. Fine hot water extracts were always 

higher than the coarse extracts. The full extract potential is normally 

released from the fine grind. The fineness of the grind ensures that 

all available starch will be made soluble and therefore, available for 

amylolytic conversion during the laboratory mash. This may explain 

why the under-modified samples gave higher extracts from Triumph 

and Golden Promise without gibberellic acid, when compared to the 

over-modified malt samples from the same varieties. Starch, In 

under-modified malt, was not as readily solubilized as in the 

over-modified malt. The difference between the two hot water extracts 

indicates the degree of modification of the malt. 

The effect of the degree of modification was evident from the 

fine-coarse difference results (Figure 26). With all three varieties, 

a reduction in the degree of modification takes place from 

under-modified to the over-modified malts. This reduction is not 80 

pronounced with the variety Triumph, since the under-modified sample 

was well-modified. This may be explained in that the malting regime 

was not suitable for this variety. Application of added gibberellic 

acid, accelerated the rate of modification during malting. The effect 
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of this is to reduce malting times. From Figure 26 a well-modified 

malt without gibberellic acid treatment is equivalent to the 

under-modified malt, with gibberellic acid treatment. If application 

of additional gibberellic acid were allowed, malt production for the 

Scotch Malt Whisky process could be carried out using a four day 

steeping and germination cycle instead of five days. Gibberellic acid 

is therefore seen as an activating agent during malting (Paleg 1960a, 

Palmer 1974). 

Soluble free a-amino nitrogen is important during the malting, 

mashing and fermentation processes of the Scotch Malt Whisky 

production since yeast growth is ultimately dependent on it (Berry 

and Ramsey 1983). Storage proteins, laid down in the barley during 

grain development are utilized for seedling growth during germination. 

The amino acids are used for enzymic protein and structural proteins. 

Levels of free a-amino nitrogen would be expected to follow the 

pattern of protein modification that peaks with the well-modified malt 

sample. This was the case for Triumph and Golden Promise, with or 

without gibberellic acid treatment, and for the variety Kym with 

gibberellic acid treatment. However, the micromalted samples without 

gibberellic acid treatment from Kym gave an unexpected result. These 

samples gave decreasing free a-amino nitrogen values through-out 

the modification range. This may have been due to non-ideal 

micromalting conditions or inaccuracies during the preparation of the 

laboratory extracts. Although the levels of free a-amino nitrogen in 

Triumph and Golden Promise (see Section 3.3.1.1.) were similar to 

those of Lie (1973), those from the variety Kym were decreased 

A malted barley extract was prepared and enzyme activities were 

studied under optimal conditions and under the conditions during 

laboratory mashing, i.e., temperature at 65OC, and the pH of the final 

hot water extract. The majority of the carbohydrase enzymes from 

three varieties, with or without gibberellic acid treatment, gave similar 

patterns of activity (see Section 3.3.1.2.). This was basically an 



220 

increase in activity over the modification range from the 

under-modified to the over-modified malt samples. This pattern would 

be expected, since longer germination times will cause an increased 

concentration of hydrolytic enzymes. These enzymes are necessary 

to sustain respiration and allow the hydrolysis of the endosperm 

reserves. 

a-Glucosidase activity from the variety Triumph does not follow 

the normal pattern of activity. Without gibberellic acid treatment the 

enzyme activity was decreased for the over-modified malt sample. For 

the gibberellic acid treated samples, the activity decreases 

through-out the modification range. Another enzyme that does not 

follow the normal pattern is f3-mannosidase. With this enzyme it is 

the gibberellic acid treated malt samples from Triumph and the samples 

from Kym without gibberellic acid treatment that show the highest 

activities. The activity of the former, decreases after the malt is 

well-modified, whereas the activity decreases from the under-modified 

to the over-modified samples from the variety Kym. With the 

f3-mannosidase enzyme, under mashing conditions, activity was affected 

as for f3-mannosidase under optimal conditions. These results may 

express varietial differences in the activities of the enzymes during 

germination. It may also suggest that the enzymes are only active 

during these stages of development, and after any requirement for 

them they are inhibited or degraded. 

Well-modified malt is required for the production of Scotch Malt 

Whisky (see Section 1.2.3.). Although all the enzymes required by 

the barley grains during germination are present in excess, varietial 

differences in enzyme levels were present between the well-modified 

samples. The variety Golden Promise contained the highest levels of 

enzyme activity for a-amylase, f3-g1ucosidase, a-mannosidase, 

f3-mannosidase, N-acetylglucosaminidase and (3-xylosidase. In all but 

(3-xylosidase, Golden Promise was followed by the variety Triumph 

and then Kym. Triumph gave the highest activity with a-galactosidase, 
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~galactosidase and arabinosidase, while the activity levels of 

a- glucosidase was greatest with Kym. A similar pattern was followed 

with gibberellic acid treatment, except that the varieties Triumph 

and Kym were reversed for the enzyme a-galactosidase, i.e., activity 

was highest with Kym. Overall it would appear that the variety Golden 

Promise contained the highest levels of carbohydrase activity followed 

by Triumph and then Kym. 

Activity levels of all carbohydrases under the laboratory extract 

conditions suggested very similar patterns. There was an increase 

in activity through the modification range. Gibberellic acid stimulation 

showed a very slight increase in enzyme activity for most of the 

well-modified and over-modified samples. Under-modified malt samples 

gave a noticeable increase in enzyme activity with gibberellic acid 

treatment. From all the enzymes studied, except for j3-xylosidase, the 

activities under laboratory extract conditions were lower than under 

optimal enzyme conditions. The j3-xylosidase activity under both sets 

of enzyme conditions were similar. 

Gibberellic acid stimulation was evident in almost all carbohydrase 

enzymes studied, from the three varieties. For some enzymes this 

stimulation was slight, but was more evident between the 

under-modified samples. Externally applied gibberellic acid, a practice 

not permissible with distilling malt, will therefore increase the rate 

of endosperm modification. This will give a well-modified malt in 

approximately the same time as an under-modified malt without 

gibberellic acid treatment. 

The activities of acid phosphatase under optimal assay conditions 

increase from the under-modified to the over-modified malt samples. 

Overall, no stimulation was detected with gibberellic acid treatment, 

except with the over-modified sample from the variety Kym. Similar 

results were observed under laboratory extract conditions. Phytase 

activity, under optimal assay conditions, gave an increase in activity 

through the modification ranges, except for the Kym and Triumph 
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samples without gibberellic acid treatment. In both these cases, 

activity peaked with the well-modified sample. Gibberellic acid 

treatment did not stimulate phytase activity. Variety activity levels 

for both enzymes suggest greatest activity from Triumph, then Kym 

followed by Golden Promise. 

Serine protease, leucine aminopeptidase and carboxypeptidase A 

type activities were all stimulated by gibberellic acid addition. All 

three enzyme activities increased throughout the modification range, 

except for the under-modified and well-modified samples from the 

variety Golden Promise for carboxypeptidase A. Carboxypeptidase A 

activities from this variety were identical with and without gibberellic 

acid treatment. 

From the results discused, it appears that enzyme activity may 

vary with the barley variety. However, other factors may influence 

the level of an enzyme within the grain. Consideration also should 

be given to agronomical factors, geographic and climatic parameters, 

malting conditions (both equipment and regimes) and possibly mashing 

conditions (both equipment and regimes). 

4.4 Statistical Analysis of Production Malted Barley Enzyuae Results. 

During the time of this study (see Section 3.3.2.1.), six different 

maltsters were suppling malted barley of the variety Triumph. Overall 

results suggested that Maltster B demonstrated the highest average 

enzyme activity for the enzymes studied, except a-glucosidase, 

f3-glucosidase and a-galactosidase. However, for a-glucosidase and 

f3-glucosidase activities Maltster B was not significantly different from 

Maltster E, who gave the highest activity for these two enzymes. 

From Table 14, a crude ranking of the enzyme activities from all 

Maltsters was possible. The overall activities show that Maltsters B 

and E consistently achieved the highest enzyme activity, followed by 

Maltsters C and F and finally Maltsters A and D. 
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A further statistical study of one Maltster from each of the three 

groups was undertaken to determine if an increased sample size 

affected the statistical significant difference between Maltsters. Again 

Maltster B was significantly different from Maltsters A and F in seven 

of the eleven enzymes studied. The order of overall enzyme activity 

for the Maltsters was unchanged. By increasing the number of samples 

analyzed it became obvious that the significant difference between 

Maltsters A and F decreased. Only activity from a-galactosidase giving 

significant difference between these Maltsters. 

Maltster B supplied malt from the varieties Pipkin and Triumph 

and a blend of Triumph/Natasha during the period of this analysis. 

Duncan's Multiple Comparison Test suggested that the variety Pipkin 

was significantly different from the other two groups of samples. In 

addition, Pipkin also gave the highest level of overall enzyme activity. 

It was assumed that Maltster B malted the barleys consistently, and 

no significant difference would be due to the effects of malting. 

The varieties and blends Camargue, Pipkin, Triumph, 

Triumph/Halcyon and Triumph/Natasha were analyzed using Duncan's 

Multiple Comparison Test. Since these were not from a single Maltster, 

effects due to Maltsters may influence the results. Pipkin was again 

the variety with the higher overall enzyme activity, and was sig­

nificantly different for nine of the enzymes studied. As expected, 

the variety Triumph and the blends in which Triumph was a proportion 

were not significantly different in most of the enzyme activities. 

Since the percentage of each variety in the blends was not known, 

variation could be expected. The variety Camargue, is descended from 

Triumph, and does not show significant difference from Triumph or 

the Triumph blends. Camargue gave the lowest activity levels overall 

for all the varieties and blends studied. 

The statistical significant difference between Maltsters may be 

attributed to several factors. The major parameters for these dif­

ferences would include malting regimes and differences in malting 
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equipment. Although Triumph was the major variety of this studY . , 
the effects of geographical, cultivation and agronomical methods also 

may influence the levels of enzyme activity. It may be significant 

that Pipkin is a winter barley, while the other groups being compared 

were composed of spring varieties. 

4.5 Enzyme Activity Within the Scotch Malt Whisky Process. 

Since the Scotch Malt Whisky process does not include a wort 

boiling stage, nor the use of sterile fermentations, malted barley 

enzymes survive into the fermentation. Any micro-organisms, asso­

ciated with the malt, which are able to survive the mashing tem­

peratures, may also be viable when they enter the fermentation. The 

presence of micro-organisms on the washbacks, which have survived 

washback sanitation, may prevail into the fermentation. Bacteria from 

the yeast preparations added to the fermentation may also result in 

contamination. Airborne micro-organisms can infect the wort or wash. 

Because of these infections, there may be three or more different 

enzyme systems associated with the wort or wash. The enzyme assays 

employed in the analysis of the three processes were those developed 

for the malted barley enzymes and may not be optimum for yeasts 

and other micro-organisms. 

This study of enzyme activities during the process of Scotch 

Malt Whisky production was carried out on normal distillery mashes 

and fermentations. A certain amount of variation could therefore be 

expected in the results. This was especially true for the fermentation 

section of the study, since four individual washbacks were sampled 

to obtain a comprehensive time course of the fermentation process. 

The four washbacks that were sampled were filled from successive 

mashes. 

4.5.1 Mashing. 

The discussion on enzyme activity through-out mashing, will 

h " g" and first and second water drainings within centre on mas In -In, 
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the mash tun environment. No enzyme activity was detected in the 

sparge waters. The temperatures of the third and fourth waters 

probably would denature enzymic protein. 

During the period the mash was resting in the mash tun, and 

through-out first and second water draining (see Section 3.4.1.1.) 

temperature and pH levels progressively decreased. However, after 

the addition of the second water, the temperature in the mash tun 

increased and remained at a higher level. Within the mash tun the 

temperature and pH parameters are very important. Besides the 

alteration of pH with temperature, salts within the mashing liquor 

and malt may contribute to the lowering of the pH. This is especially 

true with calcium ions, which will complex with phosphates and other 

compounds, e.g., peptides and proteins. Such interactions allow the 

release of hydrogen ions with a fall in pH. A pH equilibrium was 

reached within the mash after 45 min. This may be achieved via the 

calcium-phosphate complexes, and by peptides and amino acids. Levels 

of free a-amino nitrogen and phosphate (Figures 41 and 42) would 

appear to suggest this. The release of protein into the mash liquor 

may also be dependent on the pH of the mash. The decreases in 

protein concentration towards the end of mashing may also be 

attributed to the complex nature of the mashing system, due to the 

pH/phosphate relationship, with the resultant precipitation of protein 

complexes. 

~Amylase was active through-out the first water, converting 

gelatinized starch to oligosaccharides of various lengths. The activity 

of (3-amylase was more limited, (see Figure 44) in that the main 

proportion of activity was only present during the mashing-in stage. 

This was in general agreement with Muller (1991). The activities of 

both enzymes were highest during mashing-in, and this was probably 

due to environmental stabilization during hydration. Mashing liquor 

t greater than the temperatu re of the mix from the tempera ures are 

mash spout. However, the micro-environment of the enzymes will 
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ensure that the amylases, especially ~amylase, are not completely 

denatured during mashing-in. The temperature in the mash tun 

declines during the first water and a-amylase activity will be affected 

by this factor, since the optimal temperature for CI-&lDylaae was 65OC. 

Although a-amylase activity under mashing conditiona is reduced from 

the optimal enzyme conditions, the amount of active enzyme preaent, 

allows almost complete saccharification of the malted barley atarch. 

~Amylase was quickly denatured due to the mash tun temperatures, 

the temperature of mashing ia well in excess of the ~aaylase optimal 

temperature for activity, the bulk of maltose formation takes place 

during mashing-in. The concentration of maltose rose slightly during 

the period of first water draining (Figure 96). 

The purpose of the mashing process is to extract the soluble 

material from the malted barley grist. The major hydrolysis ia that 

of starch breakdown by CI- and ~amylaaes. To achieve atarch 

solubilization, relatively high temperaturea, Le., 63-&eac must be used. 

These temperaturea favour the activity of a-amylaae. but ~&lDylaae 

activity quickly declines once the maah is In the muh tun. It is 

normal practice for a mash to rest for a period in the mash tun. 

once it is mashed in. In some cases this can be up to 30 min. One 

of the main aims of this rest ia to allow complete saccharification of 

the starch. From the results in Figures 43 and 44, it would appear 

that this resting period is not required, or should be kept to a 

minimum. 

Activity from the enzymes CI-.lucoeidaae, Cl-galact.oaidaae and 

~mannoaidaae cbely followed a aimOar pattern to that of a-aay1aae 

activity as found during the maabing proce ••• However, the decrease 

in activity between the ftrat and second maabing water. was not 110 

pronounced as with ... y1ue. For .glucoe1ct-, the ditterence 

between optiJDal and mashing condition. was Ie •• than that of 

Cl-aaylaae, likewise for a-galactoaidaae. Activity of a-.alact.oaict­

began to increue toward. the latter third of the ftrat water under 
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both sets of assay conditions. This may have been due to the 

temperature and/or pH environment of the mash, during this period, 

being more suitable to this enzyme. A gradual decrease in f3-man­

nosidase activities were observed through-out the period of the first 

water, with activity levels from optimal and mashing assay conditions 

being very similar. 

f3-Glucosidase, f3- galactosidase and a-mannosidase activities were 

similar to that of f3-amylase. The initial activities during mashing-in 

and during the resting period were relatively high when compared 

to the rest of the mash. The enzyme N-acetylglucosaminidase, also 

suggested this pattern, but the activity during the first water resting 

period was similar to that after 45 min. Arabinosidase and f3-xylosidase, 

did not follow the patterns of the other carbohydrase enzyme activities. 

f3-Xylosidase activity under optimum conditions was relatively stable 

through-out the first water cycle, but activity under mashing 

conditions was greatly reduced. Arabinosidase activity was also quite 

stable, but increased as the first water progressed. Activity for 

arabinosidase decreased during the second water. The activity of 

f3-xylosidase under mashing conditions for the second water increased 

over the first water levels, but the optimum condition activities 

decreased. This result cannot be readily explained since the tem­

perature in the mash tun was similar to the temperature during the 

initial stages of first water draining, but the pH within the mash 

was between 5.0 and 4.6. 

The minor carbohydrases playa very limited role in the hydrolysis 

of starch. However, their actions may have a number of effects. Action 

on non-starch polysaccharides may lead to a decrease in wort viscosity, 

i.e., arabinosidase. These enzymes may also be responsible for the 

production of some of the ribose sugars necessary for yeast nucleotide 

synthesis. Amino sugars may be required for yeast cell structures, 

other monosaccharides may be incorporated into yeast carbohydrate 

and polysaccharides. There is also a possibility that monosaccharides 
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may be transformed to glucose once they have entered the yeast 

cell. The actions of a- and ~ glucosidase will lead to increased glucose 

levels. These increases may be small, but all will lead to increasing 

spirit yields. 

Acid phosphatase and phytase are two enzymes responsible for 

the release of inorganic phosphate into the mashing liquor during 

the mashing cycle. Acid phosphatase under the optimal conditions 

gave relatively high activity when compared to the mashing conditions, 

but activity was reduced through the mashing cycle. The enzyme 

activity pattern of phytase, under optimal enzyme conditions, was 

similar to the release of inorganic phosphate into the mashing liquor. 

Activity peaked at 85 min into the mashing cycle, while the inorganic 

phosphate levels were also highest at this time. Inorganic phosphate 

release would appear to follow closely the activity of both acid 

phosphatase and phytase. Inhibition of the enzyme activities may be 

occurring when the required inorganic phosphate levels are achieved, 

especially during first water draining. 

Through-out the period of first water draining general proteinase 

type activity was seen to decrease, although the levels of activity 

remained relatively high. Serine protease type activity went through 

a minimum at 108 min into the mashing cycle, as did leucine amino­

peptidase and carboxypeptidase A type activities, although the latter 

two were only to a limited extent. The pattern of protease and 

peptidase enzyme activity followed a similar pattern to that of the 

free a-amino nitrogen levels (Figure 41). However, there was no 

similarity between the enzyme patterns and protein levels in the 

mashing liquor. 

The actions of the phosphatases and proteinases were discussed 

previously, and they may playa supporting role to the carbohydrases, 

in that they maintain the environmental conditions within the mash 
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tun. In maintaining these conditions as long as possible during the 

mashing process, carbohydrate and polysaccharide hydrolyzing 

enzymes will remain active for longer periods. 

This study was carried out on an infusion type mashing system, 

using the operating procedures of a particular Chivas Brothers 

distillery. Other distilling companies use different mashing systems 

and/or operating procedures. Those systems using similar procedures 

to the one studied, i.e., infusion and semi-lauter or lauter, would 

probably give a similar type of wort to that analyzed. However, 

differences in operating procedures may lead to different wort 

compositions (Lenz 1989). Temperatures during mashing-in may be 

lower or higher giving poorer mashing efficiencies, giving non-optimum 

amylase activities. Lower temperatures may enhance the activity of 

minor carbohydrases, phosphatases and proteases. The deeper mashing 

beds found in infusion and semi-lauter systems may provide a more 

stable environment for the hydrolases than the shallow lauter systems. 

Wort quality from other systems (see Section 1.1.) may be poorer 

than the infusion type systems and continued enzyme activity may 

not be as high. This would be due to the inadequate stabilization of 

the enzymes during mashing. A similar effect can be seen when a 

mash is taken into an infusion mash tun too thinly, i.e., very high 

liquor to grist ratio. Alternatively, a low liquor to grist ratio may 

also lead to poor mashing efficiencies. 

Wort composition and quality is extremely important to the distiller, 

since it has a major impact on his final product. The traditional 

infusion or modified lauter mashing systems produce the composition 

and quality which the distiller requires. The more modern systems 

may not give either, but this may be due to their inability to provide 

the correct environment for the complex mixture of hydrolases found 

in the mash tun. 
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4.5.2 Wort Drainjng. 

The draining of the wort from the mash tun to the wash back 

can be considered as an integral part of the mashing process. The 

wort obtained from the mash tun is drained through the mash bed 

and rapidly cooled to 200c to 22OC. The cooling of the wort has two 

functions, first to enable yeast pitching into the wort, in the washback, 

as quickly as possible, allowing the fermentation to proceed rapidly. 

The second, which is a consequence of the first, is to prevent 

excessive heat denaturation of the malt enzymes that may be active 

during the fermentation stage. 

Wort draining commenced after a 20 min resting period in the 

mash tun, the first sample from this study would therefore be 

equivalent to the 65 min sample from the mashing cycle. The tem­

perature of the wort, at the sampling point, remained constant at 

200C through-out the draining cycle. Wort pH also remained quite 

constant (pH 5.29 to pH 5.32). As expected, there was a specific 

gravity gradient over the period of first water draining. Free a-amino 

nitrogen, protein and phosphate levels remained similar, or slightly 

above the mashing cycle study levels. The pattern of these three 

variables was also similar to those found during the mashing cycle 

study. 

The amylase and carbohydrase enzymes studies during wort 

draining suggest that all follow similar patterns, with comparable 

levels of activity to the mashing cycle studies. This was not totally 

unexpected, since only the draining of the wort through the mash 

bed had taken place. However, the enzyme activities under the 

conditions of wort draining were not entirely similar between the two 

studies. This could be due to the lower temperature of the wort when 

the samples were taken. A similar situation was also observed with 

acid phosphatase and phytase. 
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General proteinase and the peptidase activities during wort 

draining were found to differ from those observed during the mashing 

cycle. The pattern of the general proteinase type activity did not 

differ greatly. But a decrease in activity during first and second 

water wort draining was observed. During first water wort draining, 

the levels of activity for serine protease type activities were also 

increased, but a different pattern was observed, with activity peaking 

at 50 min into wort draining. Activity during second water wort 

draining was decreased in comparison to that during the mashing 

cycle. Leucine aminopeptidase type activity was slightly decreased 

but remained at a constant level through-out the total period of wort 

draining. Carboxypeptidase A type activity was similar between the 

two studies up to 60 min into wort draining, activity then fell, but 

activity was detected during second water wort draining. This was 

in contrast to the mashing cycle where no activity was found from 

second water mash liquor samples. These results may suggest that 

the environment from which the samples were drawn does affect the 

activity of the protease/peptidase enzymes. All classes of protein 

hydrolytic enzymes studied, except carboxypeptidase A, tend to be 

more stable from the wort samples. During the draining of the mash, 

enzymes may be released more readily from the mash bed if they are 

associated with protective environment of the draff particles. Pro­

teinase and peptidase enzymes may be released in this way. 

Probably one of the biggest differences between brewing and 

distilling takes place during wort draining. The wort is not boiled, 

on the contrary it is cooled. Thus, those enzymes surviving mashing, 

along with the associated microflora of the malt enter the fermentation 

vessel. These surviving enzymes continue to hydrolyze their su b­

strates, increasing the levels of metabolites available to the yeast 

during fermentation. 
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4.5.3 Fermentation. 

The fermentation can be divided into three major stages, as seen 

from the biomass time course results (Figure 76). The first stage 

encompasses active yeast growth, the second the stationary stage 

and the final phase is of yeast decline and bacterial growth. Wort 

composition also affects the fermentation, and this is governed by 

the quality of the malt and mashing procedures employed. 

The active growth stage of the yeast was relatively short slowing 

down 14 - 18 hr into the fermentation (Figure 76), this was probably 

due to limitations in the availability of soluble free a-amino nitrogen 

(Berry and Ramsey 1983). From Figure 77 soluble free a-amino nitrogen 

levels were at a minimum after 14 to 18 hr in the fermentation studied. 

During growth heat is generated, and since the wash backs are not 

under temperature control the fermentations were set at a temperature 

of 21 <>C. This was slightly higher than during the wort draining study 

but setting temperatures vary depending on the ambient temperature. 

By adjusting the setting temperature, the fermentation will achieve 

the desired final temperature. 

Alcohol production was completed in about 30-34 hr (Figure 75). 

By the end of alcohol production the specific gravity fell to about 

1000. The decline in specific gravity is a good indicator of fermentation 

rate and any problems associated with fermentation. Another indication 

of how the fermentation is progressing can be observed by monitoring 

the pH of the wash. During the active growth stage there is little 

bacterial growth. (This may not always be the case, especially if malt 

and/or yeast quality and/or plant sanitation is not satisfactory.) 

During the stationary phase of the fermentation, a limited bacterial 

population will develop, mainly Lactobacilli. Once fermentation was 

complete the yeast will begin to autolyze, releasing nutrients into 

the wash. Yeast autolysis will give a further drop in the specific 

gravity, but the bacterial population will increase dramatically at this 

point. A rapid increase in wort pH was due to acid production from 
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bacterial activity, and towards the end of fermentation the pH again 

fell. The effects of bacterial activity on pH towards the end of the 

fermentation are demonstrated in Figure 79. By observing the levels 

of succinic acid, lactic acid and acetic acid during fermentation the 

concentrations begin to rise once the yeast has reached the stationary 

stage. Once yeast decline began, the levels of the three organic acids 

increased dramatically. Succinic acid is a product of yeast fermen­

tation. After the active growing phase the concentration of succinic 

acid decreased, thereafter, an increase due to yeast autolysis or 

bacterial fermentation was observed. 

The profiles of the individual amylase and carbohydrase enzymes 

were followed through-out the fermentation time course (see Section 

3.4.3.2.). For all, except for ~amylase, (3-xylosidase and N-ace­

tylglucosaminidase, the activity within the fermentation time course 

could be divided into three distinct sections. The first section was 

between 0-8 hr, the second between 8-24 hr and the final section 

from 24 hr to the end of fermentation. Within each of these sections 

a different enzyme system was being observed. Initially the malted 

barley enzymes would be the predominant activity, and this system 

was then superseded by the yeast enzymes and finally the bacterial 

enzyme system would be prevalent. No distinction could be made 

between yeast extra-cellular or intra-cellular enzymes, but the 

enzymes released may still be active after autolysis. The time coarse 

profiles from a-amylase and ~xylosidase are similar to each other, 

but slightly different from the other enzymes. The initial peak of 

enzyme activity appeared for a longer period and the bulk of this 

activity was attributed to the malted barley enzyme system. The yeast 

and bacterial systems being of much lower activity. N-Acetylgluco­

saminidase activity suggested the possibility of more than one system 

during the second section of fermentation. This may be due to an 

extra-cellular enzyme system before autolysis. A similar pattern may 

be occurring with ~glucosidase and (3-galactosidase. However, more 
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detailed studies may be necessary to decide this. The analysis of 

enzyme activity under fermentation conditions closely follows the 

optimal enzyme assay conditions for all carbohydrases studied. 

Acid phosphatase activity followed a similar pattern to that of 

a-amylase and I3-xylosidase. Levels of this enzyme were quite high 

in the malt and survived mashing and wort draining to a greater 

extent, as do a-amylase and I3-xylosidase, than the others. Because 

of this, the bulk of acid phosphatase activity during fermentation 

probably will be from the malted barley enzyme system. Phytase was 

only studied under optimal conditions, and indicated four peaks of 

enzyme activity. Two peaks of activity were detected between 8-24 

hr and both were probably associated with the yeast enzyme system. 

A prolonged period of activity was observed during the latter section 

of fermentation, suggesting that microbial activity of phytase or 

phytase type activity was widespread. 

The general proteinase type activity also indicated that three 

peaks of enzyme activity were present during fermentation. The other 

protease and peptidase type activities studied also inferred this. 

However, serine protease and carboxypeptidase A tended to give 

higher activities during the first period of fermentation, which 

extended into the second period. The activities of the three enzyme 

types revealed that each gave a higher activity in a particular section 

of the fermentation. The highest activity for serine protease type 

activity was observed during the first period of fermentation, leucine 

aminopeptidase type activity was highest during the second period 

and carboxypeptidase A during the final period. All the protein 

degrading enzymes are active during the period of the fermentation. 

Proteolytic activity may be associated with a particular group of 

enzymes depending on the enzyme system that is more active during 

that period of the fermentation. 
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The study of the hydrolytic enzymes within the fermentation 

from the Scotch Malt Whisky process was very complex. Malt, yeast 

and bacterial enzymes are active at different stages, or may overlap 

during the fermentation. The hypothesis that a number of different 

enzymes systems were present during the fermentation appears to 

be correct due to the patterns of the individual enzymic activities. 

During the Brewing process these enzyme systems should not be 

seen due to the sterility of the wort and equipment used. Thus, only 

the yeast enzyme system would be prevalent. Since only the assay 

conditions for malted barley enzymes were used, the levels of activity 

for the yeast and bacterial enzymes are not quantitative, but give 

an indication of the patterns of activity. 

4.6 Carbohydrate Profiles During Mashing and Fermentation. 

The carbohydrate profiles, from samples obtained during mashing 

can be explained by amylase activities. j3-Amylase was responsible 

for the high levels of maltose in the wort, however, the activity of 

this enzyme is limited to the initial stages of mashing-in (see Section 

3.4.1.2.1.). It was therefore unlikely that maltose levels would increase 

substantially during the later stages of mashing, as shown in Figure 

96. Residual f3-amylase activity may account for part of this increase. 

The remainder coming from a-amylase activity on medium sized oli­

gosaccharides (MacGregor and MacGregor 1985), i.e., maltooctaose to 

maltodecanaose and on the larger dextrin molecules. 

The concentration of glucose, through-out the first water during 

mashing varied only slightly. The differences between samples were 

not significant, in that no major pattern was observed. Since 

a-glucosidase was active, but only at very low levels, the production 

of glucose was limited from this enzyme. Glucose may be produced 

through the action of a-amylase, on maltoheptaose, and by any limit 

dextrinase activity present. This type of a-amylase hydrolysis would 

only be expected after the main liquification on the starch molecules 

was completed. Activity of this type would increase the levels of 
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maltohexaose. This effect was present during the period 65 min to 

108 min into the first water. However, an increase in maltoheptaose 

was detected at 85 min, this was probably caused by further a-amylase 

activity on larger oligosaccharides not resolved by the HPLC analysis. 

Increases in the concentrations of maltotriose and maltopentaose 

were most likely caused by a-amylase activity on the maltooctaose to 

starch fractions. Whereas, the decrease in concentration of mal-

totetraose would be caused by the limited i3-amylase hydrolysis. 

Through-out the first water period the total carbohydrate, based on 

the summation of the glucose to maltoheptaose plus the starch fractions 

did not vary greatly. However, a slight increase was detected at 108 

min, due to an increase in fermentable sugars • 
. 

Carbohydrate profiles during fermentation all followed a similar 

pattern. In each carbohydrate component, an initial increase in 

concentration took place, after this a decrease was observed. Glucose 

gave the most dramatic decrease, with most of the glucose used within 

the first 12 hr. This component was followed by maltose, which was 

used preferentially to maltotriose, but both attained their minimum 

levels at approximately 26 hr. The non-fermentable carbohydrate 

fractions, including starch, were also observed to decrease during 

the period of fermentation. However, the hydrolysis of these com­

ponents can be attributed to the action of amylases and carbohydrases 

that survive through-out the fermentation period. 

4.7 Summary and Suggestions for Further Work. 

Detailed studies of the enzymology from the Scotch Malt Whisky 

process have not been reported to our knowledge. The work presented 

here has concentrated on the carbohydrate hydrolytic enzymes of 

malt, although the modified and developed assays for these enzymes 

were suitable for the qualitative determination of yeast and bacterial 

enzyme systems. More detailed work would have to be undertaken, 
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especially with regard to the fermentation process to obtain more 

quantitative data on enzyme activities from the other enzyme systems 

identified. 

As, and when, new substrates are developed for carbohydrate 

hydrolyzing enzymes they should be used to elucidate other enzyme 

activities, or to enhance the information already gathered. This is 

especially so for the complex mixture found in malted barley and the 

fermentation process. Other enzymes associated with the Scotch Malt 

Whisky process should be identified and their activities and fate 

followed throughout the process, e.g., limit dextrinase and those 

enzymes associated with ~glucan and arabinoxylan hydrolysis. 

The study of micromalted and production malted barley varieties, 

Section 3.3, was carried out from a fixed weight of malt (5.0 g). If 

comparisons between varieties are to be made, it may be best to 

compare a fixed number of grains, i.e., 100. Enzyme activity could 

then be expressed per grain and thus give a more accurate insight 

into the enzymology of the varieties. Similarly, the same variety from 

different geographical areas, or from different harvests could be 

studied in this way. 

The assays developed, or modified, in this study may be applicable 

during the malting processes, to follow enzyme development during 

steeping, germination and kilning. Enzyme activities were only 

determined on kilned malted barley. However, the use of relatively 

unsophisticated assays may aid the development of barley varieties, 

since present day varieties are superseded much more quickly. 

Statistical analysis of production malted barley suggests that 

continual study of enzyme levels within the malted barleys could lead 

to a better understanding of how the malt may perform within the 

process. Each season's malted barley can vary. The Distiller should 
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be able to judge the quality of the malt using as many variables as 

possible, this should include basic enzymology. Enzyme levels, when 

used in conjunction with basic malt parameters, may also aid the 

development of new barley varieties for the Malting industry. However, 

the balance between the amount of enzymes and their substrates 

must be met. Distillers' malted barley with high enzyme levels, but 

with lower starch content have little use in practice. 

The use of statistical analysis may also be useful in determining 

the performance of malting processes. However, this would entail a 

much larger study than carried out here. Similarly, different varieties 

may be more suited to some malting processes than others. 

The synthetic substrates used in the assays for amylases and 

minor carbohydrases, could be further developed for use as specific 

stains for protein electrophoretic separations. Such techniques would 

establish if the enzymes under study contained a specific activity 

associated with one protein molecule, or if an enzyme was associated 

with more than one substrate. 

The HPLC technique for carbohydrate separation has been 

developed for use within the Research and Technical Services 

Department of Chivas Bros. Ltd. It is used for the determination of 

residual carbohydrate concentrations in fully fermented washes. In 

addition to the profiles being used as an indicator of carbohydrate 

utilization by the various yeasts available, it has also become important 

in process trouble-shooting (Sim 1990). 

Although the production of Scotch Malt Whisky uses the same 

basic raw materials as the Brewing industry, i.e., malt, yeast and 

water, intrinsic differences are found between the two processes. No 

additions, either chemical or enzymic, are tolerated in the production 

of the raw materials used in the Scotch Malt Whisky process. Some 
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are allowed in brewing, namely in water treatment, barley growth 

promoters and inhibitors, adjuncts and possibly enzyme cocktails. 

Fundamental areas in processing are different between the two 

processes. In distilling there is no wort boiling stage, mashing 

eq uipment and design may be different, the mashing programmes are 

invariably different, sanitation is much more strictly adhered to in 

the Brewing process with no bacterial contamination allowed. Bacteria 

may enhance the product from a distillery fermentation. Malted barley 

enzymes are active throughout the Scotch Malt Whisky process, from 

mashing to fermentation, allowing secondary conversion of substrates. 

Much of the published work on malted barley enzymology focuses 

on brewing practice and purified enzymes. With so many different 

basic differences between distilling and brewing the published material 

in this field is not wholly applicable to the distilling industry. The 

aims of this study were to determine suitable assays for the enzymes 

to be studied, ascertain their suitability within the heterogeneous 

mix of a malted barley extract and establish the enzyme activity 

within the production processes of the Scotch Malt Whisky industry. 

These aims have been realized and indicate that many of the results 

and observations are novel. 
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APPENDICES. 

Appendix I. HPLC Injection Programme. 

This programme was written for the Gilson 231/401 auto-injector and 

controls all aspects of the automated HPLC system. 

1 RACK CODE 9 

2 INPUT A1/1 

3 IF A1>120 

4 GO TO 2 

5 INPUT A2/23 

6 INPUT A3/5 

7 A4=3 

8 A5=A3+A4 

9 RINSE 

10 DISP 0/A3/9 

11 TUBE 0/0 

12 DISP 0/A3/4 

13 B1=0 

14 FOR A=1/20 

15 FOR B=1/6 

16 B1=B1+1 

17 IF B1>A1 

18 HOME 

19 PRINT B1/1 

20 HEIGHT 

21 ASPIR 0/ A4/0 

22 TUBE A/B 

23 FOR C=1/2 

24 ASPIR 0/A2/4 

25 DISP O/A2/4 
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26 NEXT C 

27 ASPIR 0/ A2/1 

28 TUBE 0/0 

29 DISP 0/A2/1 

30 INJECT 1 

31 WAIT 

32 AUXIL 7/1 

33 WAIT 2 

34 AUXIL 7/0 

35 DISP 0/A5/9 

36 RINSE 

37 DISP 0/A3/9 

38 HEIGHT 

39 WAIT 2900 

40 INJECT 0 

41 NEXT B 

42 NEXT A 

Lines 1 - 8 set up the sample numbers, volumes and parameters. 

Lines 9 - 12 ensure that the injection port is rinsed before sample 

injection. Lines 13 - 31 are involved with sample mixing in the vial, 

and the loading and injection of the sample. The remainder of the 

programme ensures the data acquisition is triggered (lines 32 - 34), 

injection port rinsing takes place (lines 35 - 38), the run time is 

correct (line 39) and finally the next sample is initiated correctly 

(lines 40 - 42). 
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Appendix II. 

Results of the time course analysis through mashing, wort draining 

and fermentation. 



Table 18. Results of time course analysis of mashing variables studied throughout a typical 

distillery mashing cycle. 

Temper a ture pH FAN Protein Phosphate 
(OCI (mg/J) (gIll (mMI 

Mashing-in o min 65.0 5.54 333.6 1.415 7.93 
22 min 64.5 5.48 276.1 0.832 6.03 

A'ter Raking 45 min 63.0 5.39 312.2 0.997 7.10 
65 min 62.0 5.37 323.8 1.051 7.48 
85 min 62.0 5.36 321.6 1.030 7.70 

108 min 61.5 5.32 312.2 0.990 7.73 
125 min 61.0 5.32 324.7 0.967 7.63 
145 min 60.5 5.28 332.3 0.950 7.30 

Second Water 

A'ter Raking 195 min 64.0 5.07 168.6 0.282 2.53 
220 min 62.0 4.81 160.6 0.218 2.05 
240 min 61.5 4.70 155.5 0.197 2.03 
260 min 59.0 4.66 148.7 0.166 2.28 

Sparge Waters 
A fter Raking 287 min 73.0 4.63 53.0 0.077 1.23 

307 min 73.0 4.43 33.3 0.058 0.75 
After Raking 353 min 81.0 4.71 10.1 0.022 0.18 

~ 
~ 
w 



Table 19. Time course analysis of enzyme activities studied throughout a typical distillery mashing cycle 
under mashing conditions. 

Mashing-in 

A her Raking 

Second Water 
A fter Raking 

Sparge Waters 

o min 

22 min 
45 min 
65 min 
85 min 

108 min 
125 min 
145 min 

195 min 
220 min 
240 min 

260 min 

A fter Raking 287 min 

307 min 
A fter Raking 353 min 
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CD 
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14.393 28.546 28.066 33.265 42.522 27.673 11.973 5.045 
2.086 18.750 3.531 24.254 9.613 12.850 10.278 2.261 
1.118 17.781 
1.028 16.600 
0.604 13.606 
0.755 14.393 
0.816 14.302 
0.665 13.727 

1.905 22.349 
1.481 17.508 
1.330 14.938 
1.573 14.090 
1.028 13.243 
0.736 12.607 

1.118 
0.453 
0.422 

4.229 0.489 
4.150 0.422 
3.350 0.422 

3.684 
2.503 
2.291 

4.076 
1.716 
1.342 
0.866 
0.893 
0.961 

8.736 9.099 2.171 
7.223 9.674 2.171 
4.833 10.007 2.352 
5.681 11.579 2.291 
5.438 11.854 2.654 
5.136 12.185 2.897 

1.353 1.928 26.039 0.900 
0.264 0.749 25.254 0.900 
0.120 0.688 23.045 0.870 

12 0.210 0.241 3.562 0.392 2.140 0.054 0.325 21.411 0.859 

o 
o 
o 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
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29.096 
15.058 
11.247 
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4.863 
5.075 
4.863 
4.561 

2.480 
1.997 
1.844 
1.634 
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Mashing-in 

A fter Raking 

Second Water 
A fter Raking 

Sparge Waters 

A fter Raking 

A Iter Raking 

Table 20. Optimal enzyme activities from the time course analysis of amylases. minor carbohydrases 
and acid phosphatase a typical dis tillery mashing cycle. 

I) I) 
en en Q) Q) Q) Q) I IV IV en en Q) en en 'a U 

IV 'a IV IV Q) C4 IV en 'a 'a .a II) en IV Q) ., 'a 'a en 
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IV 
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c:s CQ. c:s QQ, 0 QQ, t:J en Z 0 en c( 

o min 17296 42824 1.785 14.57 38.23 35.51 32.48 111.90 71.32 135.8 8.281 
22 min 12700 3503 1.360 2.99 29.40 8.25 23.89 27.01 14.06 120.0 3.048 
45 min 15444 3817 1.785 2.44 28.19 4.74 22.98 5.65 10.22 118.2 2.202 
65 min 12300 2255 1.481 1.99 25.37 3.32 18.69 2.84 8.10 112.8 3.531 
85 min 11795 979 1.481 2.08 23.38 2.41 15.12 2.69 5.72 112.2 3.291 

108 min 11812 976 1.330 1.81 26.37 2.53 14.62 2.63 6.92 117.9 3.986 
125 min 9867 891 1.028 1.75 27.28 2.11 13.58 1.27 5.44 125.2 3.168 
145 min 9103 823 0.997 1.49 26.28 1.63 12.34 1.18 4.98 125.2 3.017 

195 min 2039 18 0.967 1.23 7.80 1.37 3.65 0.88 1.41 33.0 2.232 
220 min 808 4 0.755 0.84 7.04 1.17 2.44 0.55 1.26 27.6 1.082 
240 min 329 5 0.604 0.66 6.77 0.36 1.26 0.55 1.20 24.0 0.900 
260 min 168 2 0.241 0.26 4.14 0.24 1.08 0.15 0.51 21.0 0.876 

287 min 0 0 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.000 
307 min 0 0 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.000 
353 min 0 0 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.000 
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Table 21. Optimal enzyme activities from the time course analysis for phytase, general 
proteinase and selected proteases, during a typical distillery mashing cycle. 

Phytase General Serine Leucine Carboxy-
Proteinase Protease Aminopeptidase peptidase A 

Type Type Type Type 

Mashing-in o min 137.553 59.845 24.905 20.998 22.018 
22 min 81.881 57.178 23.532 20.331 21.006 

After Raking 45 min 24.525 59.179 21.179 23.998 21.000 
65 min 32.962 58.678 15.492 22.998 20.266 
85 min 49.829 52.677 13.923 21.998 19.002 

108 min 31.272 52.677 7.844 20.665 21.000 
125 min 21.151 51.344 10.982 21.331 21.000 
145 min 14.398 47.176 13.923 23.998 22.518 

Second Water 
A fter Raking 195 min 16.088 25.172 12.158 20.998 8.352 

220 min 16.088 22.505 8.236 19.998 0.000 
240 min 14.398 21.004 8.040 19.331 0.000 

260 min 14.398 19.004 7.844 18.331 0.000 
Sparge Waters 
After Raking 287 min 0.000 0.000 0.000 0.000 0.000 

307 min 0.000 0.000 0.000 0.000 0.000 

After Raking 353 min 0.000 0.000 0.000 0.000 0.000 
- - -_. ----- . ---
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Table 22. Time course analysis of wort draining process variables studied 

throughout a typical distillery wort draining cvcle. 

Gravity Temper a tur e pH FAN Protein Phosphate 
(Oe) (mg/l) (gIl) (mM) 

1 st Water o min 68.0 20.0 5.14 394.2 1.057 11.78 
10 min 69.5 20.0 5.25 437.9 1.042 12.41 
20 min 69.0 20.0 5.29 420.9 1.048 12.68 
30 min 68.0 20.0 5.30 387.4 1.027 12.08 
40 min 65.5 20.0 5.30 364.6 1.007 10.72 
50 min 62.5 20.0 5.32 328.6 0.991 10.05 
60 min 60.0 20.0 5.32 305.3 0.963 9.49 
70 min 58.0 20.0 5.32 315.5 0.970 9.42 
80 min 56.0 20.0 5.31 296.6 0.950 9.35 

90 min 54.0 20.0 5.31 293.0 0.983 10.05 

1st Water in WB. 67.0 20.0 5.11 342.8 0.995 9.95 

2nd Water o min 52.0 20.0 5.25 296.3 0.243 9.25 
10 min 28.0 20.0 5.13 158.1 0.185 5.23 
20 min 25.0 20.0 5.13 145.9 0.179 4.74 
30 min 24.0 20.0 5.08 131.3 0.167 3.71 

40 min 21.0 20.0 5.02 130.4 0.165 3.21 

50 min 22.0 20.0 4.92 134.8 0.167 2.64 

2nd Water in WB. 52.0 20.0 5.02 274.1 0.959 7.86 

tv 
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Tlble 23. Time course Inllysis of enzyme activities studied throughout a typiCl1 distillery 
wort dflining cycle under wort draining conditions. 

• • I 

'" ... D D OIl • • .. .. ... ... 0 
lit '" '0 't:J .. .. u • • .. .. .~ .~ :2 't:J :;, tot OIl .. 't:J '0 

~D 
.. .. 

tot .~ M 0 0 lit .~ 
'0 't:J .. - 0 0 .~ .. 0 0 u U >0 tit .~ 

";. c c: - .. 0 u u .. .. c c: 0 e = :;, .. .. • '0 >. c: 
a .. .. u ._ 

:0 ~ CJ CJ CJ ~ ~ c .~ )( 
I I I I I I I I E I .. ... 
0 0 CQ 0 CQ 0 CQ Z .. CQ ~ 

11t Wlter o min 1075 0.990 0.656 20.200 1.7"7 ".682 2.7"6 8.069 8.6 .... ".076 
10 min 1101 0.568 0.627 18.079 1."75 3."'1 0.658 6.376 7.0'" 3.593 
20 min 1008 0."76 0.539 12.939 0."85 3.321 0.556 ".833 6.951 3.593 
30 min 9"0 0."76 0.539 13.533 0."76 1.565 0.536 2.866 5.165 3."26 
40 min 793 0.507 0.390 10.819 0.386 1.565 0.527 2.020 4.833 3.442 
50 min 628 0.174 0.113 6.883 0.323 1.324 0.518 2.143 3.925 3.472 
60 min 348 0.027 0.045 7.189 0.205 1.353 0 ... 4 .. 1.839 4.257 3.291 
70 min 303 0.075 0.000 7.345 0.113 1.777 0.417 1.29 .. ".894 2.958 
80 min 265 0.235 0.009 8.087 0.113 1.082 0.26" 1.082 ..... 39 3.4"2 
90 min 238 0.293 0.205 9.309 0.0'" 1.202 0."49 0.919 5.136 2.897 

1st Wlter in WB 652 0.386 0.586 9.039 0.568 1.898 0.544 3.68" 8.281 3.894 

2nd Wlter o min 177 0.144 0."17 6.272 0.054 0.537 0.113 0.144 4.198 0.545 
10 min 63 0.018 0.205 1.457 0.05" 0.325 0.05" 0.295 2.414 0.536 
20 min 38 0.027 0.045 0.827 0.018 0.032 0.018 0.032 2.140 0.514 
30 min 31 0.027 0.027 0.413 0.018 0.018 0.009 0.023 1.869 0.509 
40 min 23 0.018 0.000 0.090 0.027 0.018 0.005 0.000 1.684 0.523 
50 min 31 0.027 0.000 0.413 0.000 0.023 0.000 0.018 1.989 0.523 

2nd Wlter in WB 369 0.235 0.235 6.272 0.476 1.414 0.313 2.805 6.678 0.917 

• '" .. .. .. s::. 
Q. 
tot 
0 s::. 

a... 
'0 
'u 
~ 

"0.738 
32.363 
31.878 
2".195 
18.870 
12.578 
10.037 

8.373 
7.162 
6.890 

25.737 

5.106 
1.172 
0.809 
0.749 
0.537 
0.476 

19.264 
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Table 24. Optimal enzyme activities 'rom the lime course analysis of amylases, minor carbohydrase. 

and acid phosphatase during a typical distillery wort draining cycle. 

• • • ... ... • • • tit tit I ... ... '1:J 
.. tit • '1:J tit tit U • tit tit 'w . w; '1:J '1:J ~ . .. .. 

• '1:J '1:J tit • 0 0 'iii .w; 0'" tit ... .. .w; 'w '1:J '1:J 
tit - - 0 0 - .. ... tit 0 0 u U ~'O ... 
';. ';. u u .. tit C C -- 0 0 c c • c e e ~ ~ ii ii tit tit U - C 

a a c E ~ :c c c ~ CJ ~ ~ X 
I I I I I I I I I :: I 

.. ... a CD. a CD. c CD. c CD. Z 0 CD. -c: 

ht Water 0 min 15840 2705 1.446 0.688 24.80 1.959 18.03 10.096 37.95 127.0 5.295 
10 min 16170 2532 0.809 0.749 24.68 1.475 15.60 6.466 35.69 156.0 5.018 
20 min 13780 2166 0.695 0.961 22.77 1.438 13.70 3.562 30.43 140.3 5.018 
30 min 12920 1493 0.507 0.598 21.14 1.414 11.94 1.657 22.71 126.4 5.235 
40 min 10590 715 0.537 0.539 17.64 0.485 10.28 1.202 15.27 105.8 5.174 
50 min 8210 404 0.356 0.539 17.12 0.413 7.83 1.082 10.01 90.7 5.000 
60 min 6915 293 0.144 0.386 15.97 0.325 7.07 0.556 7.28 85.5 5.000 
70 min 6210 219 0.083 0.323 16.21 0.325 6.29 0.568 6.01 84.6 5.050 
80 min 5370 176 0.325 0.270 15.00 0.235 6.10 0.537 5.68 73.4 5.083 
90 min 4850 147 0.356 0.264 12.67 0.144 6.50 0.749 4.77 77.4 5.032 

1 It Water in WB 10950 945 0.719 0.839 17.87 0.839 10.19 2.291 17.48 95.8 4.598 

2nd Wlter a min 3430 129 0.174 0.449 12.08 0.144 5.71 0.325 3.65 71.0 3.168 
10 min 990 83 0.054 0.323 3.23 0.063 1.93 0.054 0.96 29.3 2.958 
20 min 740 90 0.041 0.234 5.26 0.027 1.54 0.049 0.69 24.1 2.352 
30 min 560 50 0.027 0.180 5.26 0.023 1.02 0.036 0.60 21.4 2.414 
40 min 112 74 0.023 0.023 5.47 0.018 0.93 0.041 0.60 18.7 2.654 
50 min 224 70 0.009 0.032 5.62 0.018 1.38 0.023 1.1 1 21.4 2.685 

2nd Wlter in WB 7400 659 0.480 0.446 12.46 0.627 7.28 1.291 12.46 72.8 3.260 
- ---

• tot 
tit -tit 
s::. 
Q. 
tot 
0 
s::. 
Q. 

'1:J 
'u 
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159.4 
158.4 
121.8 
95.8 
64.1 
39.3 
34.1 
28.1 
22.0 
20.8 

80.7 

17.2 
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4.2 
3.3 
3.6 
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Table 25. Optimum activities from the time course analysis for phytase, 

general proteinase and selected protease activities during a 

typical distillery wort draining cycle. 

Phytase General Serine Leucine Carboxy-
Proteinase Protease Aminopeptidase peptidase 

Type Type Type A Type 

1st Water o min 71.706 86.0 27."5 19.332 26.75 
10 min 29.579 94.7 29."2 19.332 25.08 
20 min 26.534 99.0 31.18 19.998 25.17 
30 min 23.515 90.7 37.26 19.998 2".67 
"0 min 17.246 85.5 39.22 20.664 24.67 
50 min 20.979 81.2 39.22 20.664 23.50 
60 min 21.912 86.7 35.30 21.332 10.54 
70 min 22.377 82.8 33.34 19.998 7.17 
80 min 13.981 80.7 30.49 21.332 6.98 
90 min 9.357 77.3 37.50 21.332 8.71 

1 II Water in we 17.177 86.0 37.26 21.998 11.96 

2nd Water 0 min 15.950 68.3 2.16 21.664 6.38 
10 min 15.848 53.0 2.94 21.664 5.29 
20 min 14.448 49.8 2.13 19.998 2.75 
30 min 12.256 50.0 3.53 19.998 2.83 
40 min 9.659 47.8 3.33 21.332 2.67 
50 min 5.848 "2.7 2.94 21.332 1.00 

2nd Water in we 11.237 71.2 35.30 22.66" 6.75 
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Table 26. Time course analysis of fermenlilion process variables studied Ihroughout a typical 

distillery fermenlalion. 

Fermentllion Specific: Temperature pH Viability Mass FAN Protein Phosphate 
Time (hr) Gravity (·C) (I) (gIl) (mg/ll (gIl) (mM) 

0 1052 21.0 4.92 99.0 9.75 246.5 0.929 7.54 
2 1051 21.0 4.81 99.0 11.50 247.0 0.972 7.05 
4 1050 21.0 4.62 99.0 14.50 221.5 0.939 6.73 
6 1048 21.0 4.60 99.0 18.25 227.8 0.777 6.34 
8 1046 22.5 4.54 99.0 21.25 198.4 0.788 5.75 

10 1042 23.0 4.42 99.0 24.75 175.1 0.875 5.23 
12 1036 24.0 4.26 99.0 31.00 140.2 0.826 4.62 
14 1027 26.0 4.15 98.0 34.75 104.1 0.907 4.52 
16 1024 27.5 4.13 98.0 38.00 96.6 0.907 4.58 
18 1018 28.0 4.08 98.0 40.00 90.2 1.035 4.52 
20 1013 29.0 4.02 98.0 40.75 85.0 1.126 4.42 
22 1010 30.0 4.04 97.0 41.75 84.4 1.094 4.65 
24 1009 30.0 4.05 95.0 43.25 79.2 1.057 4.62 
26 1002 30.5 4.09 94.0 42.50 72.3 0.970 4.78 
30 1000 31.0 4.11 92.0 43.00 72.2 0.729 5.20 
34 999 31.5 4.16 80.0 42.75 83.8 0.789 5.53 
38 998 31.5 4.19 71.0 42.25 87.8 0.779 5.49 
42 998 31.5 4.33 50.0 37.00 104.7 0.755 6.01 
46 998 32.0 4.27 30.0 32.25 112.7 0.744 6.05 

N 
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Table 27. Time course analysis of selected fermentation products studied throughout a typical 

distillery fermentation. 

Fermentation Ethanol Glycerol Succinate Lactate Acetate 
Time (hr) (gIl) (gIl) (gIl) (gIl) (gIl) 

0 1.13 0.179 0.032 0.266 0.030 
2 1.87 0.2~0 0.029 0.302 0.035 
~ 3.07 0.315 0.053 0.303 0.0~2 

6 5.08 0.39~ 0.066 0.307 0.037 
8 7.77 0.~77 0.071 0.30~ 0.025 

10 11 .• 8 0.637 0.10. 0.302 0.013 
12 19.22 0.884 0.127 0.310 0.010 
14 2~.15 1.105 0.147 0.323 0.007 
16 30.65 1.265 0.155 0.318 0.007 
18 3~.07 1.362 0.167 0.332 0.007 
20 ~2.00 1.618 0.158 0.336 0.009 
22 43.46 1.713 0.159 0.340 0.018 
2~ ~~.94 1.7~~ 0.136 0.370 0.022 
2& 50.57 1.797 0.132 0.378 0.022 
30 50.88 1.82. 0.130 0.337 0.024 
34 54.24 1.817 0.152 0.426 0.054 
38 57.92 1.837 0.139 0.398 0.048 
42 56.58 1.868 0.154 0.442 0.108 
~6 57.38 1.883 0.172 0.48~ 0.165 
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Table 28. Time course analysis ot enzyme activities studied throughout a typical 

distillery fermentation under fermentation conditions. 

., • ... lit • ., ., ., .. .. I lit lit ., 
"" ... " " .. .. CJ ., .. .. 'w 'iii " " 

~ ., lit ... ., " " .. 
'iii 0 0 'iii 'w; 'i$a"" .. 

" ... 'iii " .. - - 0 0 - .. 'w; 
>. 0 0 CJ U c: c >-" 'iii 

CJ U .. .. - .- 0 0 
E ~ ~ iii iii 

c: c: ., c c: .. .. CJ .- -;. 
4( (; (; (!) 0 ~ ~ -c E x :0 

I :: 
.. 

I I I I I I I I ~ ., CJ CIl CJ CIl CJ CIl Z 0 CIl 4( 

344 0.133 0.288 0.343 0.288 2.606 0.343 3.406 13.36 1.005 
331 0.547 0.935 1.700 0.622 3.442 0.726 4.207 15.80 1.109 
352 0.586 0.516 1.586 0.552 2.640 0.447 3.337 12.60 0.516 
279 0.794 0.794 0.794 0.726 2.466 0.622 3.788 15.11 0.726 
282 0.492 0.343 0.726 0.099 2.049 0.288 3.127 16.92 0.203 
115 0.388 0.794 1.109 0.412 1.734 0.374 3.023 17.09 0.690 
81 0.656 2.049 0.969 0.516 1.457 0.377 3.406 17.30 0.622 
13 0.447 3.163 1.945 1.073 1.247 0.900 4.241 20.88 1.396 
14 0.748 3.422 2.016 1.377 1.288 1.029 3.406 16.88 1.577 

7 1.247 3.233 2.397 1.630 1.387 1.257 4.660 14.10 1.804 
7 0.847 1.874 1.909 1.247 1.700 1.457 4.164 13.85 1.351 
6 0.482 0.760 1.492 1.247 0.900 1.005 4.660 15.51 1.143 
6 0.413 1.770 2.327 1.213 1.005 0.992 4.933 20.60 1.109 
5 0.447 0.794 2.013 0.690 0.690 0.516 5.564 23.56 1.143 

11 0.377 0.726 1.830 0.547 0.516 0.343 5.217 26.38 0.734 
14 0.208 0.203 1.213 0.447 0.465 0.133 4.730 28.79 0.412 
13 0.029 0.119 1.005 0.586 0.307 0.029 5.113 29.13 0.482 
12 0.099 0.079 1.666 0.794 0.133 0.070 5.043 30.49 0.482 
14 0.029 0.029 0.794 0.237 0.173 0.029 4.416 31.33 0.792 
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Table 29. Oplimll enzyme activilies for Ihe time course analysis for amylases. minor carbohydrases 

and acid phosphatase during a typical distillery fermentation. 
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CI CQ CI CQ CI CQ CI CQ Z 0 CQ c: 

5500 459 0.482 0.679 6.993 1.092 7.897 1.065 9.847 93.60 2.119 
4800 528 1.283 1.479 6.993 1.230 10.021 1.317 11.622 102.30 1.804 
5350 524 1.109 1.757 7.584 1.082 8.913 1.804 11.971 98.47 1.492 
4800 544 1.535 1.445 7.340 2.096 7.897 1.172 9.638 88.70 1.888 
3800 449 0.674 3.202 8.037 1.474 6.993 1.073 9.742 81.18 1.804 
3000 517 0.377 5.100 8.490 1.182 4.939 0.864 9.822 72.93 1.387 

750 523 0.890 5.857 8.211 2.120 2.570 0.900 10.857 57.42 1.770 
800 583 0.203 6.581 8.540 1.740 1.526 0.997 10.474 80.87 1.213 
550 600 0.482 7.850 8.664 3.180 1.377 1.200 8.524 46.54 1.596 
350 587 0.726 6.805 8.245 3.320 1.630 1.351 10.752 40.26 1.923 
320 531 0.288 3.673 7.410 2.813 1.934 1.656 9.672 43.08 2.340 
300 486 0.169 2.036 7.340 1.997 1.492 1.283 10.021 51.19 2.606 
300 588 0.302 2.002 8.211 2.240 1.239 1.317 11.309 47.20 2.109 
290 594 0.900 1.534 9.325 2.310 1.005 1.143 10.786 49.59 0.989 
337 547 0.777 0.851 9.279 1.823 0.969 0.690 10.404 49.01 0.830 
305 450 0.726 1.166 9.394 1.818 0.629 0.377 8.490 50.36 0.460 
338 367 0.552 0.505 6.436 1.092 0.516 0.203 7.376 48.96 0.387 
342 321 0.237 0.364 7.768 1.370 1.213 0.409 9.638 49.87 0.858 
337 262 0.146 0.205 6.967 1.158 1.109 0.273 9.430 50.22 0.869 
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Table 30. Enzyme activities from the time course analysis of phytase, 

general proteinase and selected proteases during a typical 

distillery fermentation. 

Fermentation Phytase General Serine leucine Carboxy-

Time (hr' Proteinase Protease Aminopep tidase peptidase 
Type Type Type Type 

0 9.115 63.5 3.5 22.0 12.0 
2 9.583 66.5 6.1 21.7 15.7 
4 9.848 69.8 14.3 23.3 10.8 
6 8.183 66.3 16.3 19.3 9.3 
8 8.183 60.7 14.5 21.3 7.3 

10 10.048 67.0 12.2 25.0 5.0 
12 9.583 70.6 7.1 25.0 6.3 
14 11.448 71.7 6.1 25.7 8.3 
16 15.179 73.5 5.5 26.0 8.7 
18 10.510 75.8 4.7 26.3 9.7 
20 8.650 75.2 7.1 24.7 11.2 
22 9.169 72.5 10.3 24.3 12.3 
24 10.048 71.3 9.2 23.3 8.7 
26 10.450 61.8 7.3 22.0 6.8 
30 11.448 58.3 9.1 20.3 13.0 
34 10.717 60.8 10.2 20.0 17.8 

38 10.158 63.2 10.2 21.3 17.3 
42 9.483 68.5 8.6 22.3 16.2 
46 9.115 69.3 6.9 22.7 15.8 
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Table 31. Analysis of mal10saccharides throughout a typical distillery mashing cycle. 

Starch Malto- Malto- Malto- Malto- Malto- Maltose Glucose 
heptaose hexaose pentaose tetraose triose 

Mashing-in o min 10.52 2.10 1.94 0.86 4.68 15.51 79.72 14.25 
22 min 8.15 2.00 1.97 0.98 2.92 20.93 80.59 14.51 

A fter Raking 45 min 7.80 2.11 1.95 1.28 2.75 20.74 82.39 13.58 
65 min 7.28 2.06 1.95 1.44 2.75 20.68 82.32 13.42 
85 min 7.03 2.24 2.09 1.58 1.58 20.63 82.58 13.65 

108 min 6.84 1.64 1.94 1.86 1.83 21.97 85.31 14.33 
125 min 6.28 1.60 1.91 1.78 1.71 20.96 84.07 14.08 
145 min 6.23 1.53 1.94 1.86 1.81 20.94 83.21 14.03 

2nd Water. 
A tter Raking 195 min 0.82 0.25 0.38 0.49 0.59 5.06 22.35 3.34 

220 min 1.08 0.27 0.41 0.67 0.84 5.88 25.57 3.79 
240 min 1.01 0.25 0.39 0.61 0.71 5.17 22.62 3.25 
260 min 0.95 0.26 0.39 0.61 0.79 5.23 22.87 3.18 

Sparge Waters 
A Iter Raking 281 min 0.81 0.15 0.29 0.31 0.62 2.58 10.89 1.21 

301 min 0.49 0.10 0.22 0.23 0.35 1.65 1.05 0.82 
A tter Raking 353 min 0.30 0.01 0.10 0.13 0.13 0.56 2.40 0.29 

_ .. ------ ------

Total 

Carbohydrate 

129.58 
132.06 
132.60 
131.88 
131.37 
135.71 

132.38 
131.54 

33.27 
38.51 
34.01 
34.27 

16.98 
10.91 
3.91 
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Tlble 32. Anllysis of mlltOSlcchlrides throughout. typic., distillery wort drlining cycle. 

Sllrch Mllto- Mllto- Mllto- Mllto- Mllto- M.llose Glucose TOIII 
hePI.ose heuose pentlose tetraose triose C.rbohydrlte 

ht Wlter o min 10.36 4.22 3.74 2.17 3.88 24.83 104.13 22.28 175.62 
10 min 11.22 4.23 3.88 2.64 2.33 28.71 108.98 24.61 186.61 
20 min 11.03 3.89 3.76 2.84 2.46 29.80 109.83 24.78 188.34 
30 min 9.59 3.16 3.13 2.47 2.16 26.42 102.04 20.97 169.93 
40 min 8.56 2.66 2.70 2.18 2.01 24.68 95.75 18.46 157.00 
50 min 7.18 2.27 2.36 1.96 1.88 22.98 89.13 16.46 145.52 
60 min 7.10 2.06 2.21 1.92 3.58 22.52 86.12 15.43 142.13 
70 min 1.04 1.90 2.01 1.85 3.80 22.13 83.66 14.48 136.94 
80 min 6.75 1.76 1.97 1.18 3.92 22.14 80.79 13.17 132.28 
90 min 6.47 1.71 1.90 1.70 3.68 21.03 18.48 13.03 128.00 

1s1 W.ter in WB. 7.79 2.62 2.15 2.11 4.12 23.58 93.11 17.31 153.38 

2nd W.ter 0 min 5.82 1.51 1.16 1.63 3.64 20.40 75.49 11.25 121.50 

10 min 3.35 0.72 0.85 0.95 2.71 11.71 43.20 6.24 69.72 

20 min 3.05 0.62 0.75 0.88 2.99 10.32 37.65 5.40 61.65 

30 min 2.80 0.55 0.66 0.83 2.95 9.46 34.39 4.86 56.50 

40 min 2.61 0.50 0.63 0.78 2.74 8.46 31.83 4.70 52.33 

50 min 2.58 0.50 0.62 0.72 2.16 8.61 33.04 4.77 53.00 

2nd WI,er in WB. 5.58 1.65 1.95 1.74 1.55 19.33 78.89 11.89 122.56 

tv 
01 
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46 

T.ble 33. An.lysis of m.ltollcch.rides throughout. typic.1 distillery ferment.tion. 

St.rch M.lto- M.lto- M.lto- M.lto- M.ito- M.ltose Glucose Tot.1 
hept.ose hexaose pent.ose tetr.ose triose C.rbohydr.te 

6.26 1 .• &6 1.76 1.73 2.2'- 19.07 7.-.91 12.55 119.98 
8.12 2.38 2.72 2.71 2.02 21.71 9 •. 68 18.0'- 152.38 
6.26 1.'-2 1.78 1.78 1.99 19.19 76.68 8.79 117.89 
5.56 1.36 1.86 1.93 1.99 11.22 78.93 9.37 112.22 
5.56 1.30 1.76 1.86 1.9'- 18.23 7.-.11 3.6'- 108.38 
5.21 1.18 1.66 1.87 1.89 17.'-8 66.83 2.43 98.5. 
4.93 1.06 1.54 1.89 1.77 18.18 56.31 1.57 87.2'-
'-.13 0.94 1.'-4 1.95 1.67 13.92 45.'-6 1.'-9 70.99 

'-.7'- 1.02 1.56 2.09 1.77 17.75 37.03 1.54 67.50 
'-.16 0.90 1.34 1.98 1.68 ''-.85 24.52 1.50 50.9'-
3.88 0.85 1.19 1.98 1.67 12.10 15.71 1.48 38.85 
3.24 0.77 1.05 1.80 1.67 6.22 10.76 2.60 28.11 
2.97 0.70 0.84 1.62 1.63 7.28 10.19 1.27 26.51 
2.78 0.68 1.82 1.42 1.55 3.71 4.17 1.03 16.15 
2.76 0.70 0.90 1.22 1.58 2.27 2.01 1.10 12.53 
2.71 0.74 0.91 1.18 1.'-7 2.08 1.51 1.03 11.62 
2.71 0.71 0.91 1.24 1.53 2.08 1.12 0.89 11.31 
2.53 0.62 0.81 1.10 1.35 1.85 0.71 0.66 9.75 
2.57 0.61 0.81 1.11 1.36 1.64 0.76 0.64 9.56 
- ~ 
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