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STUDIES ON WORT TURBIDITY, VISCOSITY AND DEGREE OF

ATTENUATTON IN BARLEY MALT

INTRODUCTION

Malting barley is judged principally by its potentialities for
making good besr, Barley is malted to‘increase the amounts of soluble
substances in the kernels, These substances are extracted with water to
form a wort from which the beer is made., The quality of beer is thus a
function of the amounts and proporticns of the potentially gsoluble
substances in the barley.

To meke malt, the grain is steeped in water and‘allowed to
germinate, after which the sprouted barley is dried to arrest growth and
%o facilitate handling and storage. Germination permits the development
of enzymes that cause changes in the constituents of the grain and that
are also utilized in the brewing process., The fixst stages of ithe brewing
process involvebgrinding the malt and mashing the grist with water under
specified conditions of time and temperature, During thig process,; the
enzymes in the malt render & high proportion of the kernel soluble, The
liquid from the mash, called the wort, is then drained off and boiled
with hopse The wort is cooled and yeast is added to stert the fermentaticn
processe The yeast converts the sugars inte alcohol and when fermentation
has reached the desired stage, the beer is filtered off and stored, Thus
only that part of the malt that is extracted and drained off in the wort

is used by the brewer and the amount and quality of this material determine
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the quality of the besr, and thus the quality of the original malt and
barley. The studies described in this thesis deal witﬁ geveral aspscis
of wort qualitys

A primery function of the malting chemists in Canada is to
provide assistance in the development of better barley, This involves
evaluation of the qualities of the various strains that are produced by

‘plant breeders, The laboratory malting system for testing malting quality
of barley that has been developed in Canada was described by Anderson and
Rowland in 1937 {6), and by Meredith in a thesis submitted to the
University of Manitoba in 1938 (63). A review of the principles and
applications of the system of testing was published in 1943 by Andersonm,
Meredith and Sallans (4). In brief, malting chemists make msasurements
of barley and malt properties and attempt to relate varietal differences
in these properties to the known requirements in malting barley. Thus,

a continuous phase of malting ressarch is the development of methods of
analysis, the application of these to the study of varieties, and the
determination of their significance.

A considerable body of information on many properties of barley
varieties grown in Canada has been published by Canadian malting chemists
(4,7,75 and previous papers in their respective series)., A summary of
one phase of the work was published in 1941 by Anderson, Sallsns, and
Meredith (7)s This summary did not deel with varietal differences as
such, but with the interrelations among the values for 18 barley, malt,
and malting properties, It illustrates the mode of attack developed in
Canada for the evaluation of properties that have significance amnd which
may help to elucidate the nature of malting quality in barley, Rleven

barley and six malt properties were examined in these studies, but only one
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wort property, wort nitrogen, was includeds As wort is the material used
for fermentation, it was considersd advisable to study wert properties,
and vhis thesis deals with certain meagurements made on worts and the
relations betwsen these properties and othey barley and malt properties.

Among the characteristics of wort that are closely observed by
brewers there are three, viscosity, degree of attenuation, and turbidity,
that can be accurately and objectively meagsured in the laboratory. But
vérietal differences in these qualities have not yet been adequately
studied, Viscosity ean be rsadily measured, and the>visccsity of wort,
according to Hopkins and Krause (50, pe.1l93) is influenced by the quaentity
and quality of earbohydrate, Despite the simplieity of the measurement of
viscosity, and the fact that variation in viscosity is of considerable
interest to the brewer, investigations of this property are extremely
few (50, pel92)s Degree of attenuation is a measure of the amount of
suzars that can be converted imto alechol by fermentation and, although it
is of great importance to brewers, investigations of it have been confined
mainly to studies of the effect of mash temperature (50, p,198) yeast type
(50, ps2803 47, ps718), mineral content (47, p.572), and fermentation
systemv(m9 p.808), Turbidity or haze in wort and beer has received a
great deal of attention as is evidenced by the discussion by Hind (47, ps707)
and others (31,39,42,43,51,52,56), But information on the effect of variety
is very scarce, though Hopkins and Krause state (50, p.18l) of turbidity
measurements made by means of a Nephelomebsr, "The barley variety is of greatb
importance, poor malting varieties always give much higher figures than
fine malting barley®, There also appeers 10 have been no systematic study
of the relations between viscosity, degree of attenuation, and turbidity,

Hopkins and Krause quote one investigation (50, p.207) in which all three
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REVIEW OF WORT PROPERTIES

Wort is obtained from mal$ by eﬁtfaetion with water at temperatures
that facilitate enzymatic conversion of the insoluble starch, protein and
other substances, into soluble materials, The series of changes that are
brought about in the barley kernmel during malting sre thus continued during
mashing, and about 75 per cent of the malt is converted into water=—soluble
materials, Wort contains fermentable and unfermentable carbohydrates, |
pﬁoteins and their degradation products, tannins, resing, minerals, and some
enzymes and vitamins, However, as stated by Hind (47, p.575), "the
‘composition of wort is so complex and imperfectly known that no methods of
analyses suitable for routine control are entirely satisfactory®,

Nevertheless, although the chemical nature: of many of the wort
constituents are not known, there are many properties of wort that are
subject to measurement, But some of these properties can be altered by
change in processing condition, TFor example, the ratio of fermentsble to
non-fermentable sugars and the amount of nitrogen in wort can be altered by
changes in mashing temperature and duration. Accordingly, in order to have
a common basis for evaluation for malt, certain standard systems of
laboratory mashing and analysis have been developed, The Congress method
(1) for extract determination is used on this continent. This was
developed in Germany and differs considerably in technique and conditions
from the British system. It was designed to give information to those
using the continental brewing system, which is the basis for most brewing
processes on this continent.

In the Congress determination, 50 g, of malt are ground to a fine
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grist and 200 ml, of distilled water at 46°F, are added to the ground malt in
a mash beaker, The beaker is then placed in a mash bath at 45°Ce, and the
mash is stirred continuously during the mashing process, The magh is held
at 45°C, for 30 minutes, the temperature is then raised to 70%C, at the rate
of 1° per minubts., When the magh has reached 700099 100 ml, distillsed water
at 70°C° are added and the mash is held at 7006. for éO minutes, The mash
is then quickly ccoled to about 20°C09 the stirring blade is rinsed inte
the beaker, and the contents of the beaker are made up to 450 go by the
addition of cold distilled water., The liquid is then separated from the
golide by filtration. The resulting wort is used for a variety of
determinations of which the most impertant is sgpecific gravity; this serves
for theé calculation of the amount of material extracted from the malt.

By the use of this standayd method for meking labordaiory mashes of
malt, different laboratories are able to express results on a wniform basis
and are also able to obtain a fair degree of uniformity of results in terms
of extract yield, color and c¢larity of wort, and wort nitrogen content, etc,
The yelative importance attributed to the different characteristics of wortd
varies with the individual making the assessment, snd all properties must
be interpreted according to the process for which the malt is intended,

Some brewers may desire higher wort nitrogen content than othersg'QOmé may
prefer light color in worts, and such requirements can be multiplied almost
indefinitely. Neverthelsss, on the whole, the Congress worts, although they
ayre not boiled and hopped, appear to yiseld informstion that can be interpreted
in operational termg for the brewer, There are, naturally, some conflicting
opinions on this generalized assumption on the use ¢of (ongress worts and
these must be considered, Before doing that, however, it is advisable to

consider some more geuneral aspects of malt quality.
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According +0 Anderson, Meredith and Sallans (4), malt quality
in barley is not easy to define. It depends on the malting method to be
adopted, the brewing process in use, and the type of beer required. As
all these differ in different countries and are superimposed on different
types of barley, it is obvious that no single definition of malting
quality can be universally applieds Thus, differences of opinion on what
constitutes quality in malt may be expected. Outstanding examples of
these differences are evident in the papers presented at the Malting and
Brewing Section of the éth International Technical and Chemleal Congress
of the Agricultural Industries in 1939. The general topic was, "fhat are
the qualities of the good malt, end whai relation do they bear to the
quality of the beer obtzined?®, and many conflicting opinions were
expressed.

Bishop (13) in reviewing the proceedings of this section of the
Congress suggests that at first sight the results are discouraging. Some
bold to the old adage that *The malt is the soul of the beer®, Others say
tha; #This was only true in the old days®. It actually sppears thet thess
conflicting~epinions arise from the diversity of materials that are used
and the adaptation of methods of analysis to local problems, Bishop (9,10,
11) was the first to show that the qemposition qf barley largely determines
the composition of the malt, and this relation is now widely accepted,
However, the gkill of the malster will determine whether the barley is
malted to best advantage, This change from barley to malt is generally
called "modification", and it also seems agreed that a well modified malt
will produce a better beer than will & poorly modified malt. The main
problem is created by the fact that meltsters cannot agree how to measure

modification, At the close of the Congress, it was agreed that further
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work was required to find a basis for agreement snd to obtain additional
measurements of modification, This implies that there is a strong belief
that beer quality is related %o malt quality,.

The measurements of modification that were discussed included
those of Enders (33), Hartong (41), and Kolbach (54). Enders (33) described
a machine, for grinding malt, to which is attached a dynamometer; the force
required to grind the malt to uniform size is measured and registered by
means of a kymograph., The results are reported in arbitrary units of |
hardness, and low values are desirable. This method is based on the fact
that during the change from barley to malt there is a softening of the
endosperm strueture due +0 enzymatic disintegration of csll walls and other
rigid structures such as aggregates of starch granules. Thus malt is more
eagily crushed then barley. Some poor malts have steely tips that have
not been echanged during malting and these create difficulties in grinding
and mashing,

~ Hartong (41) discussed results obtained with his four-mash
system, In this method, aliquots of malt are mashed at 25°, 45°, and 650,
and 85°Gc3 gnd the. extract yields ave meagured and reported in percentage
of that obtained by the congréss-m;thod. The four results‘are averaged
and the excess over,éO per cent is called “solution number®, A.desirable
value is 5 and lower values indicate poor modification, Hartong comments
that both enzymatic activity and attackebility of substrate are involved
in this test. -

Kolbach (54) favours the 0ld system of measuring the difference
between extract from fins and coarse grists, which involves solution of
enzymes and attackability of substrates. The older procedures are sub ject

to high amalytical errors, and Kolbach suggests procedures that improve
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the reproducibility of results.

The determination of wort viscosity as suggested by Piratzky
and Wiecha (70) is also considered by Kolbach (54) as a useful method of
measuring the state of degradation of malt, Piratzky and Wiecha (70) had
found that worts from malts that have been grown only a few days were high
in viscositye.

Another method for determining malt modification, and one that is
favored by Bishop (12)9’15 the determination of soluble nitrogen in wort
and the expression of the results in terms of percentage total nitrogen in
the malt, This index appears to be & varietal characteristiec and the
optimum value may vary with variety (58,64,82)., Fink (35) concludes that
its general use is not justified, but Luers (57) considers this index
important, and the consensus is that it is useful, provided that its
limitations are recognized,

Actually, the diversity of methods for assessing malt modification
indicate the different approaches that have been taken to the subjects
There is little doubt that these approaches are ithe result of practieal
experience~-the assog¢iation of brewing resulis with malt analysis--gnd they
emphasize the difference between areas in barley type, ﬁalting and brewing
processes, and final products. It is also interesting to observe that
comparisons of sxtracts from mashes made at different temperatures and from
different grists, and the determination of wort nitrogen content and
viscosity are all useful indicators of the conditions that may have to be
used in plant operation. Thus results of the various determinations can
be used to determine whether & malt sample should be rejected and may also
indicate the steps to be taken during mashihg to overcome faults that can

be partially corrected. Thus, it is evident that systems of malt analysis
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were developed from old rules of thumb that existed in the mélting and brew-
ing industry. Although most of the determinations have operdtional
significance, they are empirical and frequently fail to produce information
on fundamental characteristics of quality.

Luers {(57) is quite definite in his statemsnts that malt quality
should be considered in determining mashing conditions. He also states
that inherent quality governs many factors of importance during fermentation,
and of the beer, including the tendency for the beer to becoms hazy., He
further suggests that new methods for determining malt quality should be
,ﬁ@%eloped and that these should be applied to studies of barley varieties
and of environmental factors.

Tombeur and de Clerck (83) join Luers in asking for better methods
of analysis., They found vhat, although in general a well modified malt is
known to give & better beer, no method is known for actﬁally sgtablishing
a definite relation between analysis of malt and stability of beer--Tthe
road between the malt and beer was too long“--and many factors cen interfere
during the course of manufacturs, Howevergkthey appear to eonsider‘that
stability of beer is cauged by factors that are inherent in the malt, and
they suggest that the factors leading to stability in beer should be
isolated and traced back through mashing and\maltingg They conelude that
malt analysis can forewarn them of serious faulis in the malt but that
minute details of apalysis do not yield further useful information.

A considersble body of literature exists oﬁ the dsvelopment of
turbidity or haze in worbts and beers, Since this thesis deals in part
with turbidity, the principal papers are reviewed in some detail. Xrauss
(55) dealt with haze in beer and stabted that malt modification, except

when grossly abnormel, is no guide to haze portentialities of wort and beer;
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further, there was no relation betwsen haze in Congress worts and brew-
house worts., Krauss also states that the differences in viseosity in
laboratory worts, brewhouse worts and beers, are without significance,
but did not offer any constructive explanations or suggestions,

It is evident from the comments of Iuers (57) and Tombeur and
de Glerck (83) that development of haze in beer is a hazard that they
would like to be able to predict and prevent. This implies that they
congider that haze should be predictable, though the means were not
available to them, It is also evident that they consider that this is a
property that reflects degree of malt modification, Haze in wort and beer
has been reviewed by meny authors (31,39,42,43,46,47,50,51,52,56) and it
is agreed that it can be caused by many factors. The most important haze
ig that developed on c¢hilling of beer and this is usually reversible, The
meterial that actually causes this chill haze has hbeen the subject of
| numerous investigations and analysis, and it is now definitely establ;shed
as a material of high molecular weight that is derived from protein and
tannin (31932,34340,42,43,55)3 Other materials heve also been found in
the material gseparated from turbid wort and beer. Enders found pectin
(31), Hartong found silicic acid (40), and Helm found silicic acid and
carbohydrates, iﬁcluding pentosens and dextrins (43), The compositién of
the material is likely to be somewhat variable, depending on barley,
environment, and malting and brewing process, but workérs in Sweden have
now shown that it is primarily a protein-tannin complex, and that the
protein moiety is derived from the beta globulin of barley.

Quensel (73) reported in 1942 on studies of separation of barley
globulins by progressive precipitation with ammonium sulfate and isolation

and identification by speecial techniques involving use of the ulira-centrifuge
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and the Tiseliuns elsctrophoresis spparatus. Four fractions were found and
these weres named, alpha, beté9 gamna, and delta globulins, in order of
inereasing molecular weightss The alpha, beta and gamma fractions éere
found in appreciable amounts, but the delta fraction was found in low
concentrations, '

Saverborn, Danielson and Svedberg (79) rewinvestigéted these
globuling and found thet the beta globulin is characteristic of barley
and is present in only trace amounts, if at all, in wheat or rye or oats.
The alpha and beta globulins are found in the aleurcne layer and the gamma
globulin ig found in the embryoc., These authors (79) also traced the
globuling through malting and found less of the gamma globulin in malt than
in barley, The amount of alpha globulin was slightly reduced, but the
amount of beta globulin was not affected by malting., The beta globulin
was also more resistant Vo mashing, and only beta globulin was found in
worts prepared by the Congress msthod. The destruction of alpha and gamme
globuling ig not due entirely to enzymes; tests on solutions of the pure
globulins showed that beta globulin was resistant to heat changes at the
temperatures used in the Congress system of mashing; the alpha aﬁd gamma
fractions were heat labile to some extent, and the gamma coﬁpenent was
more resistant to heat than the alpha component, Wort contains only beta
globulin, but boiling the wort degrades the beta globulin. Thus, none of
the barley globulins are found in commercial worts that have been boiled,

Sandegren (78) reviewed the work of the Uppsala group and mekes
the additional comment that beta globulin can be decomposed by papain
 when activated with hydrogen cyanide and that the alpha and gamma
fractions are more resistent to the attack of this enzyms. He also

deseribes experiments to determine the material that causes chill haze.
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Pilsener type beer was cooled and the chill haze was removed in a
centrifugal type separator, The beer became more stable towards chill
haze, but when some of the separéted material was replaced, the beer
becams quite turbid, The chill haze material contained about 10 per cent
nitrogen, corresponding to about 60 per cent protein, and gave qualitative
tests for tannins. The moleculer weight of this material as dstermined
by sedimentation constant was approximstely 40,000, A comparable figure
was obtained on artificially prepared protein-tennin complexes in which
the ratio of protein to tamnin was the same as in the natural complex,
The protein moiety in the artificial complexes had a molecular weight of
30,0009 Thus, it appears that the protein component of the chill haze
material also has a molecular weight of about 30,000,

The chill haze was investigated further by hydrolyzing it with
sulfuric acid, after which it was found to contain 3.4 per cent glucose,

If the tannin is penta-digalloyl-glucose, the theoretical amount of

'glucese is 3.5 to 4 per cent. Although this conformity in glucose content

is striking, Sandegren warns that there is no proof that the tannin is
really pénta«digalloyl—glucose, However, the results do indicate that
there are no appreciable amounts of dextrins of high molecular weight in
the chill haze complex,

Additional work of Saverborn on chill haze material was also
reviewed by Sandegren, A beer was treated with Bentonite to remove
material likely to give rise to turbidity, and the beer was then boiled
with some barley beta globulin, After cooling, this mixture was added to
another portion of Bentonite-treated beer and the entire mixture was
filtered, This gave a clear solution, but a typiecal reversible chill

haze appeared when the beer was cooled, Similar tests with alpha and
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gamma globulins produced inreversible hazes that coagulated and precipitated

rapidly, Thus the beta globulin cleavage products are regarded as those
responsible for this c¢hill haze., The original molecular weight of the
beta globulin is around 100,000, so that particules of molecular weight
of 30,000 are formed during degradstion of this globulin,

Confirmation that the chill haze material is derived from beta
globulin was alsoc obtained by chemical enalysis, The alpha and gamma
fractions contain only lcé per cent sulphuvr, The beta fraction contained
1.9 per cent sulphur, and the c¢hill haze meterial contained about 2 per
cent sﬁlphurg This high sulphur content suggested the presence of amino
acids, such as eysteine, that can be oxidizedo Additional tests showed
that turbidity increased with oxygen up-take, The removal of this chill
haze material had no effect on the foaming capacity and foam retension of
beer. The surface active nitrogenous meterials that contribute to foam
in beer were found to have a molecular weight of about 10,000, The haze
forming capacity of beer is thus traced back through wort and malt to
barley.

Enders (31) and Hartong (39,40) suggested in 1937 that turbidity
was caused by propsrties inherent in barley and was controlled mbre by '
variety and season than by malting eondiﬁion@ Sandegren's review of
Saverborn®s work does not deal with variety, bub it does'indicate the
effect of season, There were variations from year to year in the relative
amounts of the alpha and gamma globulins of barley (both of which exceed
the beta fraction in amount) but the amount of the beta component was
more constante However, as salt soluble nitrogen content varies among
varieties (29,11,48,49) it may be expected that the beta globulin content

also varies,
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Hartong {40) also believes that the materials responsible for
turbidity in unboiled worts are similar %0 those that caused turbiditvy
in beerss This statement may be difficult to reconcile with the fact
that Saverbornts beta globulin was clear in dilute saline solution and
gave haze after boiling., It is quite likely that the results of the Upssala
group present an oversimplification of the problem, although they point
the way %0 more complete’understanding of wort turbidity, The techniques
and equipment for separating the globulin components are-so complicated and
expensive that it will be some time before they can be applied adequately
to studies of different varietissg of barley and to the malts made from
them,

The importance of haze in wort is best summarized by the statement
of Hopkins and Krause (50, p@lSO)9 "On the whole, it ghazel is an indicator
of the actions of all dissolving enzymes in the malt such as dlastase,
hemicellulases and proteinases®, Hind (47, p,SéE) states that, "persistent
haze in the stironger worts suggests inadequate conversion of steely malts%,
These statements are based on many observations and much experience, and
indicate that brewers anticipate trouble from malts that give hazy wortse
It may well be that the composition of haze in beers differs from that of
haze of worts but that both arise from a similar source or at least trace
to a common cause, Sandegren mentions that although the barley globulins
could not be found in wort, high molecular components were found; but
these were present in such small concentrations that it was impossible to
obtain exact data on them through investigations in the ultra centrifuge.

By comparison with the extensive studies on haze formation
gomparatively little work has been done on degree of attenuation, which

is the percentage of wort solids that is removed by fermentation.
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Hopkins and Krause mention studies on the effects of mash temperature

(50, p.198) and yeast type (50, p+280) on degree of attenuation, while
Hind discusses the effects of yeast type (47, p.778), mineral content

(47, Pe572) end fermentation system (47, p.808), There has been
considerable interest in methods for determining degree of attenuation

in wort and beer, Silbereisen (80) developed a rapid method for determin-
ing degrse of attenuwation of wort. Other msthods have been developed by
Bishop (14) and Bishop and Whitley have also studied the effects on
attenuation of wort floceulum (18), agitation (19), yeast type (20) and
design of fermentation vessel (21). All these studies deal with the
mechanismg of fermentation and there is no published information on the
“effect of barley variety on degree of fermentability.

The degres of attenuation to which a wort will ferment depends
on the amounts and types of the weft sugars that can be fermented by the
growing yeasts. Malt contains suerose, glucose, fructose, possibly some
trisaccharides, and some soluble products from hemicelluloses (46, p.191),
Wort contains these same sugars in addition to maltose, dextrins, pentoges
and pentosans (50, p.242) snd some trisaccharides (23), Sucrose, maltose,
glucogse and fructose are fermented by brewers®’ yeast, but the other
carbohydrates in wort are not fermsnted by this type of yeast.

The ratio of the fermentable sugars in wort to the non-fermentable
carbohydrates, chiefly dextrins, can be varied by changes in mashing
procedure, However, a high amount of potentially fermeniable material is
desirable and this is dependent on the enzymatiec activity as well as on
the content of carbohydrate material. Attenuation studies provide
information only on the total amount of fermentable sugars and provide no

information on the amounts of the individuel sugars. This is not a serious



=17=
deficiency of information for purpcoses of brewing operations as the main
interest is the production of the required amount of alcohol, Nevertheless,
it is desirable that more should be known about the carbohydrates present in
malt and wort in order that their origin may be traced, Further aspects
of these carbohydrates are discussed in dealing with wort viscositye.

The viscosity of wort has received considerabls attention. It is

first mentioned as a measure of wort quality by Hopkins and Krause (50,
Po193), They indicate that wort viscosity is meinly determined bylthe
quality and quantity of carbohydrates, but that beer viscesity is
determined by the content of alcohol and nitrogenous substances, Helm (45)
alaborates on these points; he considers that the viscosity of wort can
provide useful information on malt modification. The maltose content of
wort influences viscesity, but the viscosity of wort is considerably
higher then that of maltose solution of the same specific gravity., Helm
also states that proteins have no noticeable influence on viscosity., The
viscosity of the beer depends on that of the wort as the compounds causing
viscosity are unferemsntable and are not degraded during fermentatione
The effect of maliose on viscosity is removed by fermentation of this
sugar, but the final viscosity of the beer is but little lower than that
of wort as the effect of alecohol on viscosity compensates for the loss of
maltose, The factors causing high viscosity are important in retention
and palatefulness of beer, The actual factors that cause high viscosity
in wort and beer have not been widely investigated., The main studies on
this factor are those of Piratzky and Wiecha (71), though these in turn
trace back to investigations of barley gums made by O0'Sullivan, Lintner, and
Brown. These early studies are reviewed by Hind (46, pT0),

Piratzky (69) reported that worts prepared from malt that have
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been grown only three to four days showed no break in boiling for 1.5
hours; the worts also filtered very poorly. Although the symptoms were
indicative of poor starch conversion, the worts gave no blue color with
iodine, which showed that the starch had been degraded, The worts were
very viscous and were only rsduced to normal viscosity by boiling under
a reflux for five hours, or by adding trichloracetic acid and filtering
off the precipitate, This latter material contained much less protein
than was found in precipitates from normal worts treated in the same way.
Piratzky concluded that the material causing high viscosity was not
pentosans, dextrins, or proteins, but that it might be a complex containing
fatty material., Normal wort viscosities were not obtéined until the malis
had been grown at least five days, and it was suggested that high wort
viscosity was a sign of imperfect mofification,

Piratzky and Wiecha (70) subsequently studied the enzymatic
reduction of high viscosity in worts from malits grown for only three to
four days., Proteolytic enzymes, such as papain and pepsin, had no effect
on wort viscosity, but Filtragol-N { a pectin splitting enzyme) and
Merck's "Diastase puriss" reduced viscosity. Of these, the Filtragol-N was
more active., Studies of pH and temperature optimum indicated that the
enzyme causing the‘reduction in viscosity was similar to cytase in its
requirements for optimum activity. Barley and malt extracts also reduced
viscosity, but these were only 1/30 to 1/50 as active as the enzymatic
preperations. Kilning the malt reduced the activity of the extracts.

They concluded that the enzymes responsible for the reduction in viscosity
were present in barley and malt in very small concentrations and that they
acted on hemicelluloéese Es the optimum activity of the enzymes was found

0 be at DH 4.5 0 4,7 and at 45° to 500069 they suggested that
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modification of the hemicelluleoses could best be done during malting rather
than during mashing, Data on wort viscosity for 180 samples of malt
prepared during the period from 1933-36 were presenteds The mean and
maximum values varied, but the yearly minimum values, about 1.6 centipoises,
were identical, Piratzky and Wiecha concluded that these minimum values
represent well modified malts in which all the convertible hemicelluloses
have been convertedo

Helm (44,45) confirmed the production of viscous worts from
malts that have been grown for short periocds, and showed that viscosity
fell sharply up to fivebdays growth and then decreaged slowly to 12 days
growth, The viscosity was about 1.6 centipoises for normal worts, Worts
from three-day malts had relative viscosities of 2,5, and this value was
reduced t0 1.8 at five days growth and to l.4 for 12 days growth, He also
gave data showing the close relations among viscosities of Congress worts,
brewhouse worts and beer,

Piratzky and Wiecha (71) continued their studies on wort viscosity
and isolated from a three day malt a material that they considered to be
prineipally responsible for wort yiseosityo It was found to be an amylan,
not a pentosan, as it produced maltose on enzymatic hydrolysis and glucose
on acid hydrolysis. The yields of sugar indicated that only glucose units
were present, and they concluded that the material was a polysaccharide
of glucose unitse

The amylan was ndt homogeneous, and molecular weight and viscosity
varied according to method of isolation. Viscosity increased with
increasing molecular weight; the material of highest molecular weight
contained 400 glucose units and produced a viscosity of 4 centipoises in

a 1 per cent aqueous solution. Material of similar type was found in



«20=
barley but not in malt. The amylan is thus different from the gums
reported by earlier workers, as these gums contained pentosans and were
much less viscous in solution. Piratzky and Wiecha prepared gums
according to the directions of previous workers and found that the
isolates from barley could be fraétionated into amylans and pentosans but
the isolates from malt contained no amylan.

It thus appears that the amylan that produces a very viscous
solution is a contributing factor to wort viscosity only in asbnormal
malts that are typified by short growbthe The pentosan material is found
in barley, normal malts and worts, and in beer, but all but one of the
penbosan products obteined by'Pirétzky and Wiecha fai;ed to produce high
viscosities in solutions, However, they isolated a pentosgn material of
high viscosity in low yield (4 g. pef hectolitre) from the last washings
of spent grains, They state "ber den Verbleib und die Funktionen
dieser in so geringer Menge in‘die Bierwlrze gelangenden Ké8rper kOnnte
man zunfchst nur Vermutungen anstellen, deren Unterlagen méhr als
unsichef sind." It is therefore'apparent that Piratzky and Wiecha are
not prepared %o discuss this mgteiial.

As it is apparent that Piratzky's and Wiecha's amylan contributes
to viscosity only when the malis are grossly undermodified, it is advisable
to c;nsider the origin of materials contributing to viscosity in normal
worts. Piratzky and Wiecha admit they got a pentosan material from beer
and, although they do not discuss 1%, the implication of this discovery
cannot be ignored. As quoted by Hind (46, p.70) 0*Sullivan and Brown
discussed barley gums many years ago, but little has since been done about
these. According to Hind (46, p.70), the quantity of these gums or

amylans 1is roughly measured by the difference betwsen extract obtained
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from barley and the sum of the proteins, sugars and starch in barleyo
Hind states that, according to H. T. Brown, the solution of the highly
¢olloidal gum of barley is one of the most significant changes made during
conversion into malt, These gums represent the hemicelluloses of barley
and, according to Hopkins and Krause (50, p.l32), the action of cytase
on the hemicelluloses in the ¢ell walis of the endosperm is the cause of
the softening of the grains, which is the most evident physical change
during malt modification. This cellular modification was studied by
Dickson and Shands (30). These authors presented photomicrographs showing
the structura; changes in barley during germination,

Hind (46, p.67) snd Hopkins and Krause (50, p.1ll4) report that
barley contains about 9 per cent pentosans, Hind reports the figure as
hemicelluloges, but Hopkins and Krause actually call them pentosanssg
Piratzky’s and Wiecha's discussion of their amylan is therefore somewhat
uwnfortunately phrased‘as it has tended to obscure the role that pentosans
may play in determining or influencing malt modification,

Some of the confusion in the_literature arises frpm the changes
in terminology that have aecompanied advances in the knowledge of
carbohydrate structure, The studies discussed by Hind (46, p.70) were
made forty to seventy years ago. OfSullivan in 1882 extracted laevorotary
carbohydrates from barley to which he gave the names alphe and beta
amylans. Lintner reported his gum in 1890. Brown also used the term
amylan fbr his gummy material prepared in 1906, The term amylan is
actually suggestive of a hexosan similar to starch; but Piratzky and
Wiecha find that compounds prepared by the methods of 0'Sulliven and
Lintner are mixtures that contain perntosans., Hind considers that these

gums should be regarded as hemicelluloses,
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Preece (72) has recently reviewed the available information
on pentosans in barley and malt. He suggests that there is little'doubt
of the importance of cytolysis of the hemicelluloses during malting and
perhaps even during further stages in processing. But there is little
© precise information available on the subject, He considers that the
barley gums appear to have some of the general characteristics of
hemicelluloses, including a hexosan fraction, However, these gums differ
from the common hemicelluloses in solubility. The resemblance between
the barley gums and the hemicelluloses may be fortuitous but it is
important to investigate the chemical constitution of the gums.

The protein and other nitrogen compounds in wort are of great
importance in brewing and have been widely studied. The obvious need
for nitrogen compounds in wort is for yeast nutrition during fermentation,
and the simpler compounds are used for this purpose (81). However, the
definition of optimum amount of wort nitrogen is fraught with many
difficulties, and clear cut statements are not yet poséiblee There has
been more written on the subjeét of nitrogen in barley, malt and wort
than on any other subjec£ in malting snd brewing, but the issue is still
: unsettled¢’ The nubrition requirements of yeast are not yet fully known,
although Thorne (81) hes made significant contributions to this subject.
However, amount of wort nitrogen seems to be regarded more as an
indication of malt characteristics, and as an indication of the processes
by which the wort has been derived from malt and barley, than as a
measurement of nitrogen per se.

The total amount of nitrogen compounds that can be obtained from
any malt can be altered by changes in mashing temperature and duration,

and the relative amounts of the amino, amide and peptide nitrogen ere also
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changed as shown by Bishop (12). The sum of the ammonia N., amino N.,
amide N., and peptide N, accounts for about 55% of the total nitrogen,
80 that about 45% of the nitrogen is not accounted for, or %o use Bishop's
own expression is “undetermined nitrogen®., This "undetermined nitrogent
ineludes the complex substances that contribute to palatefulness of beer
and which may cause a tendency towards haziness. |

In recognition of the differences that can be brought about in
amount , and perhaps quality, of wort nitrogen by changes in mashing .
conditions, and in order 1o have a useful basis by which to make comparisons,
most workers have confined studies to wort prepared under standafd
conditions, such as the English or Congress methods of mashing malt, Such
studies have been used to determine the relations bsetween barley nitrogen
eontent and wort nitrogen content.

The barley protein fractions have been shown by Bishop (9,10,11,12)
and others (2,48,49) to follow a regular pattern with increase in total
nitrogen content. This generalization applies only within a variety. How-
ever, the relative proportions of the different fractions differ among
varieties, even when they are compared at equal barley nitrogen contents,.
Bishop (12,16) and others (3,5,58,64,82) have also shown that within
varieties the amount of wort nitrogen determined under standard conditions
of malting and analysis is related to original barley nitrogen content.
Again however, thers are varietal differences in percentage of {otal barley
nitrogen that appears in the wort. An important point to note is that this
ratio of wort nitrogen to barley nitrogen9 ﬁhich is called by Bishop "index
of nitrogen modificat;on,“ dscreases with increase in barlsy nitrogen
content when comparing samples of a single variety that differ in barley

nitrogen content. It haz been suggested that with inersase in barley
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nitrogen content, the protein complexes become more resistant to
enzymatic degradation during malting and mashing.

Fréctionation of wort nitrogen into various components has not
proved of much value in determining the *"quality" factors in wort
nitrogen, Lundin (58) has shown that the traditional fractions--tannin
and phosphomolybdate nitrogen--show the same relations to total nitrogen
as does total soluble nitrogen. Burkhart and Dickson (26) studied
laboratory worts, brewery worts, and beer; and showed that the amounts of
many of the fractions were closely related, not only within geries of
worts and beers but betwsen the worts and beers. A few fractions showed
only loose relations to total wort nitrogen, but Burkhart and Dickson
failed to find any significant effects on the worts and beers of
variations in these fractions,

Bishop (12) regards the "index of nitrogen modification® as an
impoertant aspect of malt quality. Under English conditions, he considers
that values of 32 per cenmt (30 to 33 per cent) imply under-average
modification, values of 35 per cent (34 to 36 per cent) show average
modification, and values of 38 per cemt (37 to 40 per cent) imply over-
average modification. These values are for malt from two-rowed barley
of about le6 per cent nitrogen; the comparable average figure for a six-
rowed barley malt is 29 per cent,

The Bnglish and Congress mashing systems produce different
amounts of nitrogen in wort, so that Congress worts give average values
of 40 per cent and 36 per cent respectively, Further, the English
workers base their ratio on permanently soluble nitrogen and most other
workers determine only total wort nitrogen. Burkhart and Dickson (26)

have shown that total and permasnently soluble nitrogen are closely
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related and Hind (46, p.249) estimates that the amoﬁnt of total wort
nitrogen is 5 per cent higher than the amount of permanently soluble
nitrogen. Accordingly, the average figures glven last can be raised
again to 42 and 38 per cent respectively.

American malts are much higher in nitrogeh content than English
malts so a direct application of English experience is impracticals The
situation is further involved by differsnces in malting and brewing
procedures, To these limitations must be addedrthose imposed by the
varietal differences in index of nitrogen modification that have bsen
found by Thunasus and Schroderheim (82) and others (3_,5958,64)e

Differsnces of opinion in the use of this index of nitrogen
modifieation have been mentioned previously, Current opinions on this
determination are perhaps best summarized by Helm (45) who suggests that
the results may be of most valus when they are in conjunction with other
analytical figures. Brown (24) indicates thet under English systems of
mashing the amount of wort nitrogen that is obtained in the brewhouse
varies according to mashing conditions and always exceeds that obtained
in laboratory worts. He found that the average increment in one year was 00
15 per cent and that the increase varied from 4 to 32 per cent, Hopkins -
and Krause (50, p.193) state that, with normal malts, particularly when
using the infusion mashing system, proteolysis'cannot be carried too far,
but that a certain caution is advisable when mashiné over-modified malts
by the dscoction systehg It is thus apparent that wortvniﬁrogen content
is importent as an indication of other factors such ag barley type,
processing conditions etc., as well as a measure of protein degradation
in the wort,

Most studies on the quality of wort have been carried out on
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worts prepared by the standard system of analysis of the English or the
Congress mashing procedures. There appears to be unanimity of opinion
in considering that these standard worts yisld informetion of wvalue to
the brewer, even through the informetion and results are of an empirical
nature, There is less unanimity of opinion on the use of laboratory
worts for predicting haze in beer, but the suggestion is that haze in
worts indicates that some factors are oubt of balance,

Ideally, it is desirable to analyze a malt but, as its

constituents must be brought into solution, this cannot be done without
igrinding and solution, which is almost invariably accompanied by

enzymatic amctivity., Asg the laboratory meshing procedures are designed to

| simulate more or less average conditions of mashing in the brewhouse, the
study of laboratory worts is likely to provide both fundamental and
functional information on malt and wort quality. Wort is essentiaily a
dynamic system and the chemistry of wort requires applicationsg of knowledge
and techniques from many fislds of chemistry@

The advances that are being made in the knowledge of the
constituents of wort by sueh specialized techniques as the use of the ulira-
centrifuge and the Tiselius apparatus are indeed useful contributions.
Nevertheless such techniques cannot be applied on a wide scale and must be
uged in conjunction with a considerable background of additional information
on malt and wort properties. There is thus a need for the type of
information on malt and wort quality that can be obtained by methods such
as were used in the studies reported in this thesise, The commonly
measured properties have been useful in assessing gross differences in
maltingiquality, and measurements of wort properties will amplify this

type of information and may well asist in providing a better definition

of malting quality,
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EXPERIMENTAL

MATERTAIS

The investigation was carried out on a set of 24 varieties of
barlsy, each of which was grown at six experimental stations in Canada
in 1938 as part of agronomic trials known as the Uniform Variety Trials,
The stations were: Lacombe, Alta.: Bréndon, Man,; Winnipeg, Man,; Ste.

Anne de la Pocatiere, Que.; Fredericton, N, B.; and Nappen, No S.

Barley Type Variety
Six-rowed, rough-awned, Manchurian. 0ebeCo21, Mensury, 0lli,

Peatland, Pontiac,

Six-rowed, rough-awned, Coast. ' Trebi.

Six-rowed, smootbh-awned Alberta 8 (Titan),
Brandon 216, Byng, Newal,
Nobarb, Ottawa E. 25,
Plush, Prospect, Regal,
Saskatchewan 264, Velvet,
Wisconsin 38, York,

Two-rowed, rough awned Charlottetown 80, Hannchen,
Victory.

Two=rowed, smooth-awned ' Rex, Sanalta,
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METHODS

Malting Methods

The samples were malted in duplicate in the equipment previously
described (6,63) and by the stendard procedures used in the malting
laborstory at the University of Manitoba, These methods have been degcribed
by Meredith (63), |

Analytical Methods

Methods used in Routine Testinge, The barleys and malts were analyzed
in the course of routine malting tests for yield of heavy grade, 1000 kernsl
weight, and nitrogen content of the barley, hours steep and malting loss,
malt extract, saccharifying activity, and wort nitrogen., The mebhods for
these determinations have been described previously (6,63554)6

Additional Determination on Barley., At the time that the malts were

made, the laboratory was working in close collaboration with the Malting
Laboratory in the National Research Laboratories, directed by Dre He Re
Sallans, and each laboratory assisted the other by making samples and data
available, In return for certain determinations in which the Ottawa
lsboratory was interested, but which were more readily made in the Manitoba
laboratory, the Ottawa laboratory made determinations of salt-soluble
nitrogen (2), starch (8), extract (8), and saccharifying acbivity (74) on
the barleys used in this study.

Wort Properties. Almost a year elapsed from the time that the samples

were malted until the wort quality determinations were made,; hence the

data represent qualities of stable malts., TwWorts were prepared in the usual
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way (1) and aliguots were withdrawn for the various analyses. Duplicate
determinatione were made on one-=third of the samples, and the standard
errors of analysis were calculated fxom the pairs of data thus obtained.
The samples on which duplicate determinations were made were selected at
random, after imposing the limitation that two samples of each variely
and eight samples frpm each station, should be chosene Analyses were
earried out in raﬁdom order at a rate of six samples per day on two days
in each wesk.

The worts were analyzed for turbidity immediately after filtration
(initial turbidity), turbidity after standing 24 hours at 10°¢, (final
turbidity), viscosity and degree of attenuation. Turbidity and viscosivy
are simple expressions and measurements are readily made, so these are
described first., Degree of attenuation falls into a different class,
both from ease of measurement and ease of interpretation. The method for
this determination is described last. As the development of a suitable
procedure for determining degree of attenuation required several months’
study, some features of the method developed are discussed after the
details of the analytical methods are given,

Viscogity. Viscosity was determined at 20°c@ by means of an Ostwald
viscosimeter, Three trials were made on each wort sample. The average
value was used for conversion into relative viscosity in the usual way,
using water as the standard., The mean relative viscosity was 1,52, and
the standard error of the mean of dupliéate determinations was 0,01
centipoises,

Initial Turbidity. Turbidity was determined on each wort immediately

after filtration by means of a Zsiss ?ulfrich Nephelomstere, The resulis

are reported in per cent of the standard eperture, using filters No, 4
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and 12, and wedge illumination. The formula for converting relative

turbidity into absgolute turbidity is as follows:

Absolute turbidity = relative turbidity x 0,0290,
166,17

The standard error of the mean of duplicate determinations was 2,6% and

the mean initial turbidity was 37%.

Final Turbidity., The samples of wort for the determination of

initial turbidity were poured into test-tubes, and the tubes were tightly
stoppered, They were then placed in a water-bath maintained at 10%,
Turbidity measurements were repsated on the samples after 24 hours. The
standard error of the mean of duplicate determinations was lBﬂgvand the
mean final turbidity was 162%.

Stability. The values for this determination were obtained by

subtracting the values for initial turbidity from those for final turbidity,

and subtracting these differences from 200, The final subtraction was made

in order that higher stabilities would be indiceted by an increase in

pumerical value. The stapdard error of the mean of duplicate detverminations

was 18, and the mean stability was 75 units.

Degree of Attenuation. One hundred and fifty ml, of wort was mixed to

a smooth paste with 24 gm, of commercial bakers® yeast {supplied fresh each
day) in a mash beaker., The beaker was then placed in a mash bath
maintained at 20°C. and the contents were stirred constanbtly for 4.5 hours.
The fermented wort was filtered o€ernight§ apnd the specific gravity was
determined and corrected by means cfra blank determination, This is the
method described by Silbereisen (80), except that no yeast fat was used.

Apparent degree of attenuation was calculated by the formula given by



Pawlowski-Doemens (68) which is as follows:
Apparent attenuation 4 =

{original extract - apparent extract in fermented wort) x 100
original extract

The extracts are found by determining spscific gravity of the wort
and referring to the Plato tables (1), which give amount df sxtrach
corresponding {6 various sgpecifie graviiies. The results were left in
terms of apparent degree of attenuation for all calculations and examination.

The mean apparent attenuation was 77.1%, and the standard error
of the mean of duplicate determination was 0.6%,

Degres of attenuation is a medsurs of the extent to which sugars
in wort are fermented by yeast and it can be measured in two ways. The
original specific gravity of the wort is dstermined, from which the
original amount of wort solids can be ascertained by reference to
specifie gravity tables for sugar solutions, The wort is fermented and
the amount of alcohol produced by the yeast is determined directly by
distillation, or indirectly by evaporafing the alcohol, making the wort
back up to original weight with water and determining specific gravity
again, The amount of sugar fermented is determined by the amount of
aleohol produced, or by the difference between original solids and solids
remaining after fermentation, and the ratio of solids lost to original
golids is called the real degree of attenuation. The second method
involves determining the specific gravity of the fermented wort without
further treatment. During fermentation, the specific gravity of wort
drops because of removal of dissolved solids from and addition of aleohol
to the solution. The gpecific gravity of a fermented wort is therefore
lower than that of a water solution containing the same proportion of

solids and the content of dissolved solids obtained by reference to
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specific gravity tables is lower than the real value, The corresponding
value for sugars removed by fermentation is therefore higher than the
real value, but caleulations are carried out as above and the result is
called apparent degree of attenuation, The difference between real
attenuation and apparent attenuation is dependent on the extract content
before fermentation. By use of an appropriate factor, which is determined
by reference to the original extract value, real attenuation may be
calculated from apparent attenuation. Thus, the determination of apparent
attenuation, which is much simpler to conduct than that for a real
attenuation, provides an indirect determination of the latter.

Preliminary studies were necessary in order to develop a

suitable methoed for the determination of apparent attenuation., An old
standard method, given by Pawlowski -Doemens (68) was tested and found
unsuitable, but an adaptation of a method described by Silbereisen (80)
was found to be satisfactory. Tests comparing apparent and real
attenvation using bakers! yeast were conducted. These showed that the
formula given by Pawlowski for converting apparent attenuation to real
attenuvation was quite suitable for the samples examined in this study,
except that the formula gave values that were 1.5 per cent lower than the
real attenuatibn. The formule given by Pawlowski-<Doemens is:

Real attenuation = apparent attenuation
(qa + 1)

The value for ¢ is dependent upon original extract content and is 0.228
for all samples in this investigation,

It may be noted that some criticism can be levelled at this
method for determining degree of attenustion., The use of bakers® yeast

instead of brewers®' yeast may be viewed with suspicion, but bakers! yeast



33—
was used as it was expected to bs uniform over long perieods. Moreover,
it was supplied fresh each day. The uniformity of the bakers® yeast
is evident by the low value (0@6%) for the standard error of the mean of
duplieate determinations., Actually, investigations on attenuetion were
carried out over a period of about nine months, and the yeast was constant
throughoﬁt ag determined by check samples.

It is interesting to note that Bishop (14) states that most
workers agree that different yeastis give the same limit of attenustion
for a given wort, though the fermentation rate may vary. Although the
literature that Bishop reviews (14) is concerned with various types of the
so-called brewers®' yeast, the bakers?! yeasts are actually streins of
brewers® yeast (Saccharomyces cerevisiae) that have been selected for
high rates of fermentation, It therefore seems that it is in order to
agsume that the same limits of attenuation would have been reached had
any other type of yeast been used, particularly when the relatively
enormous proportion of yeast to wort is considered., The advantages of the
bakers® yeast avre that it is readily obtainable and uniform, and it
produces a rapié fermentation.

As noted by Bishop (14), the method used in this study may be
faulted in that alcchol may be lost by evaporation., As all samples were
tested in the same way, the losses would be uniform, or at least
propertional, so that all resulis are comparable. The main object was
to determine whether varieties differ in extent to which they will

ferment; it is the differences between varieties that are significant.
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RESULTS AND DISCUSSION

DIFFERENCES IN WORT PROPERTIES

The data for the 144 samples that were analyzed are extensive
and, as the variety and station means are of priﬁcipal interest, only
these are presented. The data for each determination were sxamined by
means of analyses of variance (38) and the results of these were used to
determine the significant levels for differences between variety means
and between station means., The ranges among varieties and among stations
were considerable and significant varietal and station differences were
demonstrated in each property.

Differences between Varieties

The object of determining whether varieties differ in malting
quality is to obtain information for the plant breeders who are producing
new varieties of barley with superior yield, disease resistance, etc.
Information on the malting quality of the standard varieties is required
in order that the plant breesder may use these to0 best advantage as
parental material, Similar information is required for the new hybrids
that are obtained so that the producers may select and concentrate on those
that are most promising. Plant breeders arse always in need of as much
information as they can obtain on varietal differences in malting quality.
Thus, practical requirements are invariably ahead of quality research.
What is known about quality at any time is used by plant breeders at that
time even though the fundemental significance of certain varietal

differences may not be fully understood, This situation existis in part
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with respect to the wort properties studied in the present investigation.
The first steps in deciding how to use information on wort properties
thus requires that the errors of the determinations and the ranges of
varietal differences be established,

The mean values, over six stations, for each variety are given
in Table I, together with the necessary differences for the 5% level of
significance obtained from analysis of variance, The varieties are
listed in order of decreasing degree of attenuation. The ranges are:
degree of atienuation, 498%; vigeogity, 0.23 centipoises; initiel
turbidity, 84%; final turbidity, 161%; and stability, 95 units, The
differences between varieties in these properties are thersfore
considerable, and these are discussed in more detail in the following
gsections.

The variety having the lowest degree of attenuation is Ottawa
E.25 at 74.6%, and the highest value is that for 011i at 79.4%. The
distribution of the valuss for the other varieties is normel as there
is a smooth gradation from high to low over the series of values, The
neceséary difference between values is 1.7% and the standard error of the
mean of duplicate determinations is 0.6%, These values indicate that the
determination is relatively precise and that it is capable of significant
differentiation between varieties. As a high amount of potentially
fermentable sugar, represented by a high degree of attenuation, is
desirable, it is of interest to note that 0.A.,C.21, which is the statutory
standard of malﬁing quality for six-row barley in Canada, is fourth
highest of all varieties in degree of attenuation. No variety is
significantly higher than 0.A.C.21 in this property and seven varieties,
Prospect, Victory, Byng, Wisconsin 38, Sagkatchewan 264, Regal and Ottawa

Eo.25, are significantly lower than 0.8.0.2) in fermentable material,




TABLE I

Varietal Means for Wori Properties

Initial Final

Varisty Attenvetion Viseosity Twurbidity. Turbidity . Stability
% centipoises yA yA units
0111 7904 l.44 19 120 99
Brandon 216 18,1 1.45 28 142 86
Sanalta 784 1,51 39 140 99
06AeCo2] 78,2 1.46 18 130 88
Nobarb 7840 1.54 29 169 60
Charlottetown 80 779 1.49 61 218 43
Velvet 778 1,48 32 148 84
Rex 777 1,46 18 119 99
Plush 7766 1.51 417 188 59
York - 77.6 1.58 102 262 40
Peatland 7165 1,48 46 1176 10
Newal 7765 1.54 27 154 73
Mensury 77.4 1,48 18 134 84
Hannchen 172 150 18 101 117.
Pontiac 77,0 1,50 22 123 29
Trebi 7740 1057 40 163 11
‘Alberta 8 (Titan) 7668 1.52 21 164 63
Prospect : 7661 1.56 37 208 29
Vietory : 7660 1.56 21 137 84
Byng 7508 1.64 41 196 51
Wisconsin 38 7567 1.59 13 238 34
Saskatchewan 264 75.4 1,48 21 121 106
Regal 15.1 1049 38 116 122
Ottawa E.25 1466 1.67 50 218 32

Mean over all
varieties 77.1 1.52 31 162 15

Necesgsary difference, ‘
5% level. 1.7 0,06 24 64 59
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The determination of viscosity is also precise and useful for

differentiating varieties. The necesgsary difference betwsen varieties is
0,06 and the standard error of the mean of duplicate determinations is
0,01 centipoises, while the range between varieties is 0,23 centipoises°
The variety with the lowest value is O11li, l.44, and Ottewa E.25 is high
with a value of 1l.,67. Again there is a smooth gradation from low to high
values s0 that the distribution of values is normal, Viscosity of wort
is a measure of the state of degradation of dissolved particles and the
values are usually regarded as being related to molecular complexity. As
0eAsCo21l has proved 10 be a suitable malting variety it is not surprising
t0o find that 0.A4.Ces2l produces a wort of low viscositys Only the value
for Clli is lower than that for O.A.Ce2l and the difference is not
significant., The values for sleven varieties are significantly lower
than that for 0.,A.C.21l, These varieties are Nobarb, Plush, York, Newal,
Trebi, Titan, Prospect, Victory, Byng, Wisconsin 38, Ottawa E.25,

| The measurements of turbidity fall into a completely different
category than those for attenuvation and viscosity. The necessgary
differences for initial turbidity, final turbidity, and stability are
respectively 24%, 64%, and 59 units, and the standard errors of the ﬁean
of duplicate determinations are 2,6%, 187 and 18 units respectively. When
these statistics are compared with the mean values of 37, 162, and 75, it
is evident that the measurements are not very precise and that differentiation
of varieties is difficult, Despite these limitations, varistal differences
in these properties were found. The values for 0.4.C.21 again fall in the
desirable range, that is, low turbidities and high stability. TFive
varieties, Charlottetown 8C, York, Byng, Wisconsin 38 and Ottewa E.25 ave

significantly higher than 0.f.C.21 in both initial and final turbidity.
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Two varieties; Peatland and Plush are-significantly higher than Q.A:Ce21
only in-initial turbidity, and Prospect is significantly higher than
0:85Ce21in Tinal turbidity and significantly lower. in stability.

The -lack of precision in measuring turbidity in duplicate samplss,
and -the high error in differentiating varieties, make these measurements
less useful for variety classification than attenuation and viscosity
measurements. However, the situation with resgpect to composition aﬁd
vorigin of haze forming material (47, p.993) is so uncertain that the
condition found in this study is not surprising. Haze can be caused bx
many factors, -and the replicate samples were analyzed weeks apart, so thet
it is.probable that some-uneontrollable factors were operating to cause
the differences between duplicate results. Further, thebvarieties were
grown ‘under -a. wide range of -environmental conditionsg which produced wide
ranges -in the mean- turbidity values for stations, and the differentiel
reactions of the varieties to these changes.in growing conditions cause
“the ‘high error in varietal differentiation.

The differential response of varietiés to change in environmental
conditions is the limiting factor in varietal diffsrentlation for mosbt:
properties (3,4s63364,66)9 and when it is superimposed on a high
laboratory’error, as-in. the measurement of turbidity made in this study,
differentiation of varietel mean valuesg becomes very limited,  Bub. some
form-of varietal evalustion must be attempied in the course of making
recommendations. to.plant breeders. There are no definite values for the
wort properties that can be used-as reference standards, although high
values for.attenuation and low values for viscosity and turbidity are
desirable, as the ideal levels have not been determined, The practice

throughout the evaluation of the results of the laboratory malting test



“3 9~
has been to use as criteria the values for materisl that is acceptable
for commercial melting and brewing, These are represented in Canada by
the values for 0.4.C.21, which as well as being a satisfactory variety
(4) is the statutory standard for six-row barley grades in Canada, This
is by no means an ideal practice, bubt it is the only practical method
available until more is known about the factors regponsible for malting
quality and the desi:able levels for these. A result of this is that
0eAeCo2l is included in all sets of varieties being grown for malting
tests and the values for any variety are compared with those Of 0.,A,C.21
grown under the same conditions. Comparisons between varieties with
respect to malting.quality cannot be made satisfactorily if they have
been grown under different conditions, as environment during growth has a
very pronounced effect on malting quality (3,4,5,63,64), The practice
of using résults of a comparable sample of 0.A.C.21 as criteria of
quality therefore eliminates the direct éffect of environment from
varietal comparisons and also provides an indication of commercial
suitability for malting.

The data in Table I have been rearranged in Table II to provide
‘ ready comparison of the properties of the other varieties with those of
0ofeCs2le A zero indicates that the value was not significantly different
from that for 0O.AeC.21s Plus and negative signs indicate signifilicantly
higher and lower values,

Fifteen varieties differ significantly from QO.A.C.21 in one or
more properties., Seven differ in only ome property, three in two properties,
one in three properties and four in four properties, Albthough the
varieties may be discussed in any sequence, it is appropriate to discuss

them by groups listed in the section on materials (p.27) as these
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TABLE IT

Comparison of Varietal Means with those for 0.A.Ce2l,

in Terms of Significance of Differencel

— — wacpmscnces st s e
o — e —— it e

Key Initial Final
Noe Variety Attenuation Viscosity Turbidity Turbidity Stability
‘ yA centipoises VA yA units
1 0.A.,C.21 18,2 1,46 18 130 88
2 Mensury 0 0 0 0 0
3 011i 0 0 0 0 0
4 Psatland 0 0 + 0 0
5 Pontiac 0 0 0 0 0
6 Trebi 0 + 0 0 0
7 Alberta 8 (Titan) 0 + 0 0 0
8 Brandon 216 0 0 0 0 0
9 Byng = + + + 0
10 Newal ¢ + 0 0 0
i1 Nobarb 0 + 0 0 0
12 Ottawa B.25 - + + + 0
13 Plush 0 + + 0 0
14 Prospect - + 0 + -
15 Regal - 0 0 0 0
16 Saskatchewan 264 - 0 0 0 0
17 Velvet 0 0 0 0 0
18 Wisconsin 38 - + + + 0
19 York 0 + + + 0
20 Charlottetown 80 0 0 + + 0
21 Hannehen 0 0 0 0 0
22 Victory - + 0 0 0
23 Rex 0 0 0 0 0
24 Sanalta 0 0 0 0 0

1 o denotes non-gignificance of difference,
~ denotes gignificantly lower than 0O.A.C.21.
+ denotes significantly higher than 0.4.C.21e
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represent a commonly used classification of the varieties. Anderson,
Meredith and Sallans (4) have discussed the reasons for assuming that
definite inferiority in any one major property is adequate grounds for
. rejection of a variety and this practice is also followed in making
varietal comparisons for the wort properties.

0lli and Mensury, which are acceptable to Canadian maltsters
and are eligible for the malting grades, cannot be differentiated from
OeAsCo2l in wort quality. This suggests that varieties acceptable in
commerce because of similarities in barley and malt qualities are also
similar in wort properties. Pontiac, which is derived from the same
gtock as 0.A4.C.21 but which has never been widely grown, is not regarded
as squal 10 O.,A.C.21 in malbing quality owing to deficiencies in malt
extract and enzymatic properties (4,66), Pontiac is not significantly
different from 0.,A.C.21 in any wort property but it tends to be low in
degree of attenuation and high in viscosity so that it does not appear
as satisfactory as 0.48.C.21 in wort quality., Peatland is a rust resistant
variety that was removed from the list of varieties eligible for the
malting grades when it was shown t0 have enzymatic deficiencies., It
produced a wort with higher initial turbidity than that of 0.4.C.21, and
the remaining wort properties of Peatland, although not significantly
different from those of the standard, also indicate that its wort
guality is lower than that of 0.A.C.21ls Trebi was higher than the
standard variety in wort viscosity, and its initial wort turbidity just
fails to be significantly higher than that for 0O.A.C.2l. Thus Trebi
also possesses inferior wort qualities. This variety has been known
to maltsters for many years and it is avoided by them for meny reasons,

the most general of which are its ragged growth and difficulty in
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obtaining proper modification.

Among the six-rowed smooth-awned varieties, only Brandon 216
and Velvet do not differ significantly from 0.A.C.21 in wort properties.
Brandon 216 is closer to 0.A.C.21 in properties than is Velvet; the
differences from OsA.C.21 for both varieties are of low order except
perhaps for initial wort turbidity in whieh both are higher, though not
significantly so, than 0.4.C.21, Nobarb, Newal, and Titan (Alberta 8)
differ significantly from 0,A.C.21 only in viscosity, but the degree of
attenuation of Titan tends to be low. Saskatchewan 264 and Regal are
definitely low in degree of attenuvation and can be considered inferior in
wort quality. Plush is high in viscosity and initial turbidity of wort,
and the value for final turbidity approaches significance, so that Plush
is considered definitely inferior in wort quality. This wvariety is not
liked by maltsters, though it is widely grown in Western Canada. York,
which is a variety that has not coms inﬁo prominence, is inferior to
064.C.21 in wort viscosity, initial turbidity, and final turbidity, end
ite value for stability tends to be low; its inferiority.in wort quality
is obvious., Prospect, Byng, Wisconsin 38, and Ottawa E.25, differ so
widely from O.A.Cs21 in four properties that their inferiority in wort
gquality is beyond dispute,.

The rating of Wisconsin 38 in this study is of particular
interest because this variety is widely used for malting and brewing in
the United Statess The results of tests carried out by Malt Research
Institute in the United States on comparable samples of Oderbrucker, a
sister strain to 0.4.C.21, and Wisconsin 38 from four crops have been
published (59,60,61,62), and the authors suggest that Wisconsin 38 is

as acceptable for brewing as Oderbrucker. It does not appear advisable



3
©0 earry ihe interpretation of the results presented here too far, but
under Canadian conditions it appears that Wisconsin 38 is by no means
equal to 0.,A.C.21 in wort quality as defined by the measuremsnts under
discussions It is worth while noting, however, that at the present time
the trend in the United States is definitely towards the production of
varieties with qualities that are more similar to those of 0.A.C.21 than
to those of Wisconsin 38,

The five varieties in the two-rowed group exhibit as wide
ranges in wort quality as the sixz-rowed verieties., Owing to distinct
differences between the groups in malting characteristics, it is not
advisable to lay too much stress on the direct comparisons between the
two-rowed end six-rowed barleys, Comparisons within the two-rowed group
should be made with Hannchen. This variety is the most Widely known of the
group and it is used to & limited extent for malting and brewing in the
United States, In general, Hannchen appears to be quite similar o 0.4,C.21
in wort quality, although it tends to be lower in degree of attenuation
and higher in viscosity. As all varieties were malted under identical
conditions, which actually were developed for six-rowed varieties and do
not favour the two-rowed varieties, the differences between 0.4.0.21 and
Hennchen are about as would be expected as a result of inadequate
modification of the latter variety. The wort properties for Rex and
Sanalta, which are smooth-awned varieties, are similaer to those of
Hannchen, although those from Sanalta tend to be more turbid, These two
varieties have been fairly widely grown in recent years, but they are not
considered suitable for malting owing to low extract (4,66). The wort
for Charlottetown 80 is much more turbid than those for Hannchen, and

should be regarded with suspicion. Victory produced wort that tends to
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be less fermentable and more viscous than that for Hannchen and it must
be considered inferior in quality.

Differences between Stations

The mean values for station, over all varieties, for the wort
qualities are give in Table IIT. These show wide ranges in each property,
and the differences between stations are highly significant. It is
therefors apparent that the environment under which barley is grown
produces a considersble effect on each wort property. This is to be
expected ip view of the results obtained with more commonly determined
barley and malt properties (63,64), and it does not seem necessary tb
discuss the station effects further.

Anslyses of Variance

It was necessary 0 carry out analyses of variance on the 144
results for each determination in order 40 assess the significance of
differences between varietal means and between station means. The variance
for each of the determinations was separated into portions due to (1) |
average differences, over all stations; between varieties; (2) average
differenCes, over all varieties, between stations; and (3) differences in
the relative placings of the vérieties at different stations, The results
of these analyses are given in Table IV, The necessary differences listed
in Tables I and III were calculated for the 5 per cent level of significance

in the usual menner (38) from the data in Table IV,
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TABIE IIX

Station Means for Wort Properties

Initial PFinal

i

Atten~ Visc- turb- turb-  Stab-
uation osity idity idity ility
% yA yA %
Brandon 79.2 1.47 26 172 54
Fredsricton 771 1.52 39 167 72
Lacombe 77.1 1.54 23 164 59
Winnipeg 770 1,49 25 159 66
Nappan 76,8 1,67 38 125 113
Ste, Anne de la Pocatiere 7544 1.56 70 184 86
Mean over all stations 77.1 1:52 37 162 15
Necessary difference
5% level 0.8 0,03 12 32 30
TABIE IV

Analyses of Variance for Wort Qualities: Mean gSquares

v ——————

Steandard
Variance due to error of mean
Quality Varieties Stations Interaction of duplicates
Attenuation, % 8, 5%* 35,17 2.3 0.6
Viscosity 0, 02%* 0, 04%* 0,003 0,01
Initial turbidity, % 2420,5%F  7577,6%% 468.6 2,6
Final turbidity, % 11071, 7% 9642, 9* 3127.5 18
Stability, units 4431,0%  11479,0%F 2703,0 18
Degrees of freedom 23 5 115 48

Note: In this and later tables * denotes that the 5% level, and ** that
the 1% level, of significance is attained.
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REIATIONS AMONG WORT QUALITY

The data in Table I suggest that inter-varietal relations exist
between the various wort properties., In order to evaluate these trends,
the correlation coefficients among the properties were calculated, These

are given in Table V and discussed in this section.

TABIE V

Simple Intervarietal Correlation Coefficients Among Wort Properties

Initial Final
Quality Viscosity Turbidity,7 Turbidity,? Stability
(v) (t1) (t2) (s)
Attenuation, % (a) - 606%F -4183 =222 =217
Viscosity (v) o 532%* NS ad =, 68 5FF¥
Initial turbidity, %(t1) o875k -0 64. 6%
Final turbidity, 4(t2) = 934K

Simple Correlations

Degree of attenuation is significantly correlated with viscosity
only, and the relation is inverse., Viscosity in wort may be attributed to
the combined effects of fractions of starch and protein material of high
molecular weight, Degree of attenuation is a measure of the amount of
fermentable materials, which are products of starch degradation of low
moleculer weight. The inverse relation between degree of attenuation and
viscosity is therefore to be expected, As degree of attenuation increases,
the amount of residual, unfermentable material decreases, and viscosity

also decreases, The results of this investigation suggest that, between



4]
varieties, worts of high viscosity will not ferment t0 as great an extent
as those with lower viscosity. Bub it should be noted that, as only a
few suitsble varisties are malted and eventually brewed, it is unlikely
that the range of viscosity observed in this study would be encountered in
commercial brewing.

Significant correlations exist between viscosity and each of thse
other qualities, These may also be explained by the presence of colloidal
fractidns remaining after the degradation of starch and proteine The
relation between the two turbidity measurements is in accord with
expectation, and the faet that the initial and final turbidity are quite
closely related is of definite value in the laboratory. Between varieties,
the initisl messurement of turbidity is a good indication of final
turbidity and of stability. The higher theAinitial turbidity, the greater
is the final turbidity and the lower the stability value,

There appear 10 be no definite relations between attenuation and
turbidity. This seems surprising, as degree of attepuation is an inverse
expression of the amount of high molescular weight degradation products, and
is inversely related to viscosity. However, the degree of attenuation does
not indicate qualitative differences in residual, non-fermentable material,
and this may be the reason for the lack of relation with turbidity.

It must also be pointed out that the failure to demonsirate
relations betwsen degree of attenuation and turbidity is not in accord with
the results of Bishop and Whitley (18). They found that, as turbidity
increased, degree of attenuation decreased owing 1o removal of yesast from
the reactions, They examined 16 worts that were fermented for 120 hrs. at
a pitehing rate of 4 to 5 gm. per litre. The worts were prepared from a

single sample of malt and the dif fersnces in turbidity were brought about
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by combinations of differences in the rate of cooling the wort and
differences due to sedimentation of the flocculum, In our investigation
all worts were prepared by one method but from different malts. Bishop
and Whitley demonstrated a relation between turbidity and attenuation
among worts prepared by different methods from one sample; but it does
not follow that there is a corresponding relation among worts prepared by
one method from samples of different varieties, The results of the present
investigation suggest that no such relation exists.

Partial Correlations

The simple correslations discussed in the previous section are
subject to the limitation that two factors may appear 0 be related
whereas this effect may be merely a reflection of the relations between
a third factor and each of the two factors in question. Partial
correlation coefficients in which the effects of other terms are removed,
are therefore more stringent tests of relations than simple correlation
coefficients, In order to determine whether the relations discussed in
the previous section were real and independent, a number of partial
correlation coefficients were computed. With one exception, these
coefficients confirmed the relations already discussed, As no additional
useful information was obtained, it is not necessary to report all of them.

The exception was the relations between viscosity (v), initial
turbidity (%), and final turbidity (tz)o Neither partial coefficient
th1,t2 = == .04, or rvtz,tl = +39) is significant, This is not surprising
in view of the close relation between initial and final turbidities., However,
the partial correlation between viscosity and final turbidity, independent
of initial turbidity (*vty.t1), approaches the 5 per cent level of

significance, This suggests that the material causing final turbidity is
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mainly, though not solely, responsible for the association between
viscosity and turbidity, and that the relation between viscosity and
initial turbidity results from the association between the latter and
final turbidity.

Graphical Representation of Relations

While the correlation coefficients shown in Table V present
information on the degree of scatter of the points about the regression
lines, they dd 50 only in a general way, In order to illustrate the
relations and to bring out soms points that are not shown by the
correlation coefficients, scatter diagrams for the relations between
viscosity and other properties, and between initial and final turbidities
are given in Fig. 1,

Figs lA shows that the points for two varieties, Regal and
Sagkatchewan 264 (nos, 15 and 1659 fall farther from the regression line
than those for any of the other varieties. The intervarietal correlation
coefficient, when these two varieties are omitted from the calculations,
is r = — 814, as compared with r = — .606 when they are included, For
both varieties, the degree of attenuation is considerably less than would
be expected on the basis of their viscosities, It may also be noted that
the values for the stabilities of these varieties are much higher than
those of any other six-rowed variety. These abnormalities suggest distinct
gualititative differences betwesn these and the other varieties in
residual non-fermentable material, Judged on the basis of degree of
attenuation; Regal and Saskatchewan 264 contain relatively large amounts
of non-fermentable material; in fact, only one variety, Ottawa E.25,
exceeds them in this respect. However, the viscosity and stability data

suggest that the constituents of the residual non-fermentable material



o3
2
.79} 100% i
=z
° A
z S
u N 8
< >
5 78} - 80}
5 E [e]l:]
- o
- @
< 77F > 6o}
-
['S
(=] -5
<
o 7S c 40}
o e
~ -
= z
w B . Os
s 75 20 03 ojy0z o2t oz
L L ! L 1 Il L L
140 150 60 170 140 LS50 160, 170
VISCOSITY VISCOSITY
260}- Ois 260l ole
G
E 2 °
)_" | -
v 220 > zzof
° &
@ @
« 8o} -
3 = 180
= [
- -
< 140 f < 140}
z z
by o z
“100F oz ook
L i 1 q kY 5
. 140 150 160 170 20 60 100
VISGOSITY INITIAL TURBIDITY, %
Figure 1.

Scatter diagrams for varietal means showing the relations between wort

properties.
In 1A the dotted regression line is that over 22 varieties.
regression line in 1A and those in 1B, 1 C, and 1D represent the regressions

over all varieties,

The key to varieties is given in the first column of Table ITI.
The heavy
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derived from these two varieties are of lower average moleculaf size than
those obtained from the other varieties, and this appears to account for

their lower viscogity and higher stability values.

The remaining three graphs in Fig. 1 show that the scatter of
the peints about the regression lines is fairly uniform, with the exception

of the position of No, 19 (York) in Fig. 1B.

As only six stations were represented in the investigation, the

data are inadequate for examination of intravarietal relations.
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REIATTONS BETWEEN WORT PROPERTIES AND BARIEY,

MALITING, AND MAIT PROPERTIES

The discussion in the previous sections dealt with the quality
of the wort and the interrelations among the various properties involved,
As quantity of malt extract is very important, it is logical to examine
the relations. between the quantity and quality of malt extract (or wort
sclids), and also between the enzymatic properties of the malt and wort
propervies. In the latter study enzymatic properties are represented by
Lintner values and wort nitrogen content. As malt extract and Lintner
values have been shown t0 be closely related to barley properties (7,74,76,
77) it is also logical to examine the relations between wort properties
and barley starch, extract, Lintner value after activation by pepain, and
galt-solubles nitrogen. Determinations on thoge properties were made in the
Ottawa laboratory under the direction of Dr. He R. Sallans and the data
were made available to the writer. As steeping time and malting loss have
also been shown to be related to enzymatic activity (76), the examination
of the relations between these and the wort properties is also advisable,
All these various relations are discussed in this section. The object is
to determine the extent to which wort qualities may be predicted from
barley and malt properties and to offer some explanation of varietal
differences in wort quality,

Data

The results of the test on the various barley and malt properties
have been published elsewhere (4,66) but for convenience the data are

given in Tables VI and VII,
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The relations between the properties were examined by means of
correlation studies using the values for variety means., The small number
of stations included in the study is insﬁfficient for study of intra-

varietal relations.

Correlation Coefficients

The simple intervarietal correlation coefficients between wort
properties and barley or malt properties are given in Table VIII. The
gimple correlation coefficients between the malt and barley properties
themselves are given in Table IX. Some of the latter are of value in
explaining certain factors contribubing to wort quality.

0f the 55 correlation coefficients involving wort qualities
{Table VIII), 13 exceed the l% level of significance, 10 exceed the 5%
level, 5 juét fail to attain the 5% level, and 27 are not significant,

Table VIII shows that significant correlations occur much more
frequently between wort properties and malting or malt properties, than
between wort properties and barley propertiés° Thus it appears that wort

quality is related to the amounts of extract and enzymes actually developed

during malting and noit to the amounts of extract or B-amylase that are

potentially available in the barley. In other words, wort qualities reflect

the extent to which the barleys are modified in the production of malt,
This point Will be discussed in greater detail after an examination of the
relations involving each wort propertye.

Wort avtenuation is significantly and directly related to barley
salt-goluble nitrogen, malt extract, malt saccharogenic activity, end
wort nitrogen content; also, the correlation coefficients for steeplng time
and malting loss with degree of attenuation approach the 5% level of

gignificance, As salt-soluble nitrogen, steeping time, and malting loss
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TABIE VIII

Simple Intervarietal Correlation Coefficients Between Wort Properties and Barley,

Malting, and Malt Properties

ey s oo e crs e
— e~ m————

Wort properties

!!

Property Attenua- Initial Final
tion, 4 viscosity turbidity, turbidity, Stability
yA yA wnite

Barley

Total nitrogen, % =.072 -, 132 2112 <057 -, 008

Salt-soluble nitrogen, % 0d24% = 671FF =0316 o4 24% WA39%

1000-kernel wt. 2, =304 489 <064 2150  =.187

Starch, % 0329 -103 =+080 =o164 0200

Extract, % 0334 -,108 =131 =.214 6236

Saccharogenic activ., L. +251 0042 2050 ,088 =+100
Malting

Hours steep =391 382 o 534%% o S5FFF - 492%

Melting loss, % +370 —o 8LOF = 43FF =550 545K
Malt :

Extract, % STRE o sgEE L 363 = 48F »503*

Saccharogenie activ.,°L o550 =, 520%* =.375 -+398 0355

Wort nitrogen, % 0461% -p 842K - 438* =, 594%* o614%F

NOTE: In this table and Teble IX * denotes that the 5%, and ** that the 14, level
of significance has been attained. IR



TABLE IX

Simple Intervarietal Correlation Coefficients Between Barlsy, Malting, and Malt

Properties
Malt properties
Property Extract, Saccharogenic Wort
activivy, nitrogen,
OL.
Barley
Total nitrogen, % =282 S4A8F o SLTF¥
Salt-goluble nitrogen, % 0496¥ «690%* 0554%%
1000-kernel wie gm,. =s211 =211 =e394
Starch, % o 785*F* =,227 -2163
Extract, % B54%* -,098 oo 042
Saccharogenic activity,°L. -,088 o ]55* =274
Malting
Hours steep - 485% ~o435F —o HLGFH
Malting loss, % R .588 S
Malt B
Extract, 4 — 6260 0395
Saccharogenic activity,®L. 0260 - o 14 FF*
Wort nitrogen, % 6395 o TAT* -
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are associated with malt extract, malt saccharogenic activity, and wort
nitrogen content (see Table IX), it is evident that all these properties
influence or reflect enzymatic development; this, in turn, effects the
quantity of fermentable material in wort as measured by degree of
attenuetion., Among these complex factors, malt extract and malt
saccharogenic activity appear to be the most important single factors in
determining degree of wort attenuation,

Wort viscogity exhibits relations similar to those for degree of
attenunation, and the same properties are involved, In general, the
correlation coefficients are somewhat higher than those for degree of
attenuation, This may be explained on the basis_that wort viscogity
measures less complex factors than doss fermentability., The relation
involving 1000-kernel weight with attenuation is not significant, but that
for 1000-kernel weight and viscosity is significant. The same conclusions
as were drawn in the previous section, with respect to the effeet of
modification of the barley on wort attenuation, apply to the relations
involving wort viscosity. In fact, additional confirmatory evidence is
obbtalned from the significant direct correlation between kernel size and
viscosity. It is generally accepted that small kernels modify more
readily than larger kernels, and the statistics indicate that with increase
in kernel size there is an accompanying increase in wort viscosity. Hence
there is further reason for assoclating wort viscosity with extent of
malt'modificationo Among the factors contributing to wort viscosity, malt
extract and wort nitrogen content appear to be the most important.

Initial turbidity, fipal turbidity, and stability are very
similar in their relations with the other properties, and these relations

resemble those for degree of attenuation and wort viscosity. There are no
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outstanding features about the relations except that they provide additional
evidence that wort quality is dependent on the enzymes that produce growth,
and hence on the degree of modification of the maltss The turbidities
decrease and stability increases with increase in salt—soluble nitrogen,
malting loss, malt extract, malt saccharogenic activity, and wort nitrogen
content, and the reverse occurs with increase in steeping time,

Discussion of Relations among Properties

The éorrelation coefficients given in Table VIII show that wort
quality is associated with malt extract, saccharogenic activity and wort
nitrogen content, which are the commonly measured malt properties. How-
ever, with one exception, the correlations are not such that any one of
these properties can be considered o control any one wort quality., The
exception is wort nitrogen content, which accounts for about 70% of the
variations in wort viscosity. Partial correlatiqn coefficients were
calculated, but they do not contribute to the study except to emphasize
the interlocking relations among malt properties and wort qualitiese TFor
this reason, and because they may be readily calculated from the simple
correlation coefficients, the partial coefficients are not reported,

It is of interest to note that improvements in malt extract,
saccharogenic activity, and wort nitrogen, are accompanied byrimprovements
in wort quality., The increase in wort nitrogen content must be regarded
as a gqualitative improvement rather than ag a strictly quantitative
improvement, Iow wort nitrogen in a varieiy is generally accompanied by
‘deficiencies in enzymatic activity, Therefore, among varieties, as
enzymatic activities increase, malt extract, saccharogenic activity, and
wort nitrogen also increase, These increases cause an improvement in

wort qualitye.
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There are certain implications of the relations between wort
nitrogen and wort quality that are now becoming apparent., As noted above,
low wort nitrogen content in a variety is generally accompanied by
deficiencies in enzymatic activity, but the interpretation of high wort
nitrogen content is by no means clear. The indieations are that a new
variety that is higher than OQA§G,21 in wort nitrogen content at the same
level of barley nitrogen would be lower than Q.A.C.21 in viscositby;
moreover, the nitrogen in the new variety would be in simple forme There
is a general assumption that the body, foam, aroms and character of the
beer are associated with the colloidal state of the nitrogenous complexes
in the wort (50, p.191). Thus it is possible that a variety that is high
in wort nitrogen content because of extensive degradation of the nitrogen
Qomplexes during malting and mashing wquld produce a rapidly fermenting
beer that might be abnormal; it would be thin and would lack body,
character and aroma, Very littles is known about this aspect of wort
nitrogen, but some recent work by Witt and Fitzsimons in the United States
supports such hypothsses.(84).

The relations of wort qnaliﬁy to malt extract and sacqharogenic
activity are particularly interesting in view of the fact that bqth these
properties can be predicted from barley properties, Starch and barley
extract are closely related to malt extract, while saccharogenic activity
of the barley after extractiqn with papain is closely related to saccharogenic
‘activity of the malt {cf. Table IX and T4,76) . However, neither starch,
extract, nor saccharogenic activity of barley shows a signifieant association
with any wort quality. That is, there are factors gontributing to wort
quality that are not measured by determinations of barley extract or

saccharogenic activity. But these factors are measured to some extent by
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malt ext:act and enzymatic activity., An examination of ithe relations
between barley and malt properties throws some light on the reasons for
this,

The determination of starch and extract content of barley
provides information on the available material that can be converted into
malt extract. Accordingly, there is a c¢lose relation between these
barley properties and malt extract., However, the differences between
varieties in potential extractives do not account for all of the
differences between varieties in malt extract. This failure is caused by
the differences between varieties in enzymatic activity. As noted
previously, various properties have therein been examined to determine
whether they can be applied to the prediction of malt extract as indices
of enzymatic activity (77). This failure of barley properties to reflect
enzymatic properties ig also reflected in the relations between the
various saccharogenic activities. The saccharogenic activity of barley
after activation by papain is attributed solely to the action of /3 ~amylase.
While this activity is closely related to the saccharogenic sctivity of
the ensuing malt, it may be expected to be more closely related to

72 —saccharogenic activity of the malt than the total saccharogeniec activity
of the malt {ef, 65), Similarly, whils the saccharoggnie activity of
barley is related to malto-amylase activity, the relation is not as
close as that between the saccharogenic and the o{-amylase activities of
malt (7). That is, only part of the saccharogenic activity of malt can
be predicted from the saccharogenic activity of the barley, since the
latter does not provide an adequate estimate for maltdh-amylase activity.

The complexity of the factors influencing wort quality is

evident from the low valuss of the various correlation coefficients that
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are statistically significant (Table VIII); no individual barley or malt
property cen be considered to control any one wort quality, though wort
nitrogen content appears to play a major role in determining wort
viscositys

Scabter diagrams illustrating the relation between the degree of
attenuation and malt exﬁractg malt Lintner value, and wort nitrogen
content were prepared. They were unusual in that the degree of scatter
about the regression line was not uniform, and the correlation surfaces
appeared to be made up of several swarms. The relation between malt
extract and degree of attenuation (r = ,572%F) is illustrated in Fig. 2h.
This scatter diagram is the most interesting of the three prepared, and
is the only one reproduced in this thesis. The 24 varieties appear to be
divided into three distinct groups, among which the slopes of the regression
lines are similar, The grouping of the varieties is not in accord with
any one characteristic; however, inclusion of malt saccharogenic activity
in a multiple correlation modifies the relation appreciably, The multiple
correlation coefficient of malt extract and Lintner value with degree of
attenuation is R = .710%*F; the regression equation is:

Degree of attenuation =
49.4 4+ o33 malt extract + 03 malt Lintner value.

The calculated values for degree of attenuation, obtained from
the above equation, are plotted against actual values in Fig, 2Bs The
scatter is considerably reduced from that in Fig. 24, The varieties
responsible for the largest residual deviations from the regression line
are: Plush, Nobarb, and Brandon 216; for which the actual degree of
attenuation is higher than the estimated value; and Ottawa E.25, Saskatchewan
264, Haﬁnchen, and Victory, for which the actual degree of attenuvation is

lower than the estimated value. None of the available data will satisfactorily
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Figure 2.

Scatter diagrams for varietal means showing the relations between degree of
attenuation and malt properties. In Fige. 1B the relation is that between
actual degree of attenuation and values compubed from the equation: Attenua-
tion = 494 + .33 malt extract 4+ 03 Lintner value. The key 10 varieties is-
given in Table VIi.
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account for the greater deviations of these particular varieties from
the regression iineo It should be noted, however, that it is an
enzymatic property that is applied to the data represented in FngVZA to
obtain the better estimate of degree of wort attenuation from malt
properties shown in Fig, 2B.

Several additional multiple correlation studieé were mads, and
two of these merit disccusion. The multiple correlation coefficient of
malt extract and saccharogenic activity with degree of attenuation is
R = 710", while that of malt extract and wort nitrogen with viscosity
is R = 873", The addition of wort nitrogen to the former and of
saccharogenic activity to the latter multiple relation resulted in no
significant inecreases in the coefficients,

The best estimates of initial and final turbidity, and of
stability, from malt properties are obtained from the gimple regression
coefficients involving these properties and wort nitrogen content. The
additions of malt extract and saccharogenic activity vo the estimation
of these did not improve the estimates significantly. The associations
of wort nitrogen content with turbidity and stability are loose, though
significant. As low wort nitrogen content is regarded as an indication
of poor modification (12), it is probable that some particlsas of
nitrogenous material are only partially degraded in worts that are low
in nitrogen. -The loose associations between word nitrogen content and
turbidity are thus in accord with the belief that protein material of
high molecular weight is partially responsible for turbidity (31,32,34,
40,42,43,56),

The absence of significant relations between barley extract

and wort properties was noted in previous paragraphs. In a sense, this
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finding is expected as wort properties are a function of the physical
and chemical changes that teke place during malting and mashing. However,
there are some curious aspects of correlation coefficients between barley
and wort properties., The barley properties determine the malt properties
(7,12,16), and the malt properties are related to the wort properties, as
is shown in this study. Therefors, there must be missing factors in
barley or malt analysis of whieh wort gquality is a i‘unctiono

It is noteworthy that the inverse relation between wort viscosity
and wort nitrogen content is very propounced in this study., Yet, this
finding is contrary to the beiiefs of Hopkins and Krause, who state
(50, p.193) "that wort viscosity is caused by the gquantity and quality of
carbohydrate material”, and also to that of Helm (45) who states Ythat
proteins have no noticeable influence on wort viscosity". The implications
of the hypothesis of Piratzky and Wiecha (71), who attribute wort viscosity
of under modified. malts to an amylan, must also be considered. TFinally,
the suggestions of Preece (72) that the role of the pentosans in barley
and malt should be clarified also have some bearing on this problem,
Nevertheless, it is useful to recall that wort nitrogen content is
congsidered by some authorities to be the best single measure of malt
modification, so that it may well be that the factors contributing to high
wort nitrogen content also contribute to low wort viscosity.

As the combination of malt extract and wort nitrogen content
gave a better estimate of wort viscosity than wort nitrogen alone, 1t
appears that malt extract ig related to wort viscosity in a manner that
is independent of wort nitrogen content., Further relations involving
malt extract were therefore examined and the results proved of values in

elucidating at least one of the missing factors.
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The combinatlon of malt extract and barley extract was much
more closely related to0 wort viscosity than was any other single factor,
The multiple correlation coefficient is .900"F, as compared with
coefficients of -.55%9F and -.108 respectively, for viscosity with malt
extract and with barley extract. Wort nitrogen content was then added to
the multiple relation by the inverse matrix method (29) and the correlation
coefficient was increased to .919F, fThis is not significantly higher
than the multiple coefficient (.900) obtained from barley and malt extracts.
Thus, wort nitrogen content is related %o viscosity only in an indireét
manners

The relation of barley and malt extracts to wort viscosity was
studied further and the regression equation‘was found %o bhe

Wort viscosity =
A +0,057 barley extract -0, 060 malt extracy

The btwo regression coefficients were compared by the inversé matrix
procedure (29), and no significant difference was found between theme
Therefore, the factor that is related to wort viscosity is the difference
between.barley and malt extracts, which appears to be another single
measure of modification., As the difference between extracts increases,
viscosity also increases. Thus, it appears that wort nitrogen content and
the difference betwesen barley and malt extract are both measures of a
factor in malt modification that determines wort viscosity. The difference
in extracts is the best measure of this quality factor. This suggesis that
the meterial regponsible is a earbohydratea

Varietal differences in conversion of potential extracts of
barley into malt extract may be duve to differences in enzymatic activity
or to differences in carbohydrate composition. Bishop and Marx (17) and

Bishop (16), have shown the importance of"insoluble carbohydrates"and
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pentosans in determining the extract obtained by malting, and their
studies also indicated varietal differencss in these constituents. The
possibility of similar differences between the varieties used in this
study are appreciable, but no such analyses were made on the barleys,
Varietal differences in enzymatic activity are also likely to be involved
in failure to obtain potential extract. The addition of both barley
saccharogenic activity and malt saccharogenic activity to the multiple
relation involving barley extract, malt extract, and wort viscosity, did
not significantly increase the correlation coefficient. Unfortunately,
neither alpha amylase activity nor autolytic saccharogenic activity
determinaetions were made on the malts used in this study. All that cen
be concluded is that either barley composition or enzymatic activity
inherently present in barley or developed during malting (or most likely
a combination of hoth factors) determine wort composition and wort
viscosity. Wort viscosity does reflect malt modification, which is the
extent and degree of change from barley to malt, and this finding is in
accord with the statements of Helm (45), Kolbach (54) and Piratzky and
Wiecha (70).

The differences between barley and malt extract for each variety
are plotted against wort viscosity in Fig. 3. This scatter disgram
suggests that the relation between the two factors is curvilinesar {dotted
line), and various methods for reducing the relation to a straight line
were tried. The best linesar fit was obtained when the differences in
extract were squared, and the resultant correlation coefficient was ,934%%,
This coefficient is of a high magnitude for a biological series; the
error of estimate of viscosity from the squared differences is only

10902, which is not much greater than the standard error of the mean of
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Scatter diagram for varietal means showing relation between wort viscosity
and difference between barley and malt extract. The solid line is the
linear regression, The dotted line is an approximation o a curve.
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duplicate viscosity determinations,iOQOl@ Eowevef9 though such a
prediction is satisfactory, it is not practical. There is no point in
predicting wort viscosity from a geries of determinations that involvs
production of wort, more especially as the time consuming determination
of barley extract is also required. Nevertheless, the relation between
these properties is useful asg it supplies some fundamental information
on the cause of wort viscosity.

If barley extract is considered as a constant, an increase in
the difference betwesen this and malt extract requires a decrsease in
the latter. TFrom this viewpoint, increased viscosity is associated with
decreased malt extracte, This is reasonable bnly if, ag the amount of
soluble material decreases, it also changes in character; for if no such
change occurred the association would be reversed. In other words,
varieties that contain greater amounts of intractable material, either as
actual complexes or because of enzymatic deficiencies, yield more complex
soluble substances that increase wort viscosity.

The main constituents of the solubles in barley and malt are
carbohydrates, and it may be inferred that the materials contributing
mogt to visecosity of worts are the complexes derived from the less soluble
carbohydrate fractions of barley, Piratzky and Wiecha conclude that this
is so when dealing with definitely under-modified malts (70). Although
only a few varleties in this study are suitable for malting, and the non-~
melbing varieties were under-modified, these latter are not as seriously
under-modified as the short grown malts of Piratzky and Wiecha (70,71) and
of Helm (44,45), Thus, it is not advisable to conclude that the viscosity
is caused by an amylan similar to that of Piratzky and Wiecha, Further
investigations were undertaken in order to determine whether carbohydrates

were actually involved, and these are discussed in the following sectlons,
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STUDIES ON MATERIALS COWNTRIBULING TO WORT VISCOSITY

INDIRECT CHARACTERIZATION OF MATHERIAL:

REDUCTION OF VISCOSITY BY ENZYMES

A commercially prepared malt was extracted for two hours at 70°C,
with water, using the same ratios of malt and water as in the Congress
procedure, and the mash was filtered in the usual way., Aliguots of the
wort were treated with small amounts of commercially prepared proteolytic
and amyleolytic enzymes, and with sulphuric acid, The treabted worts were
maintained at room temperature overnight and viscosity measurements were

then made. The results are given in Table X, and show that the alpha

amylase preparation was the most effective agent in reducing wort viscosity,

aside from boiling with acid. Bxtract of green malt was also very
effective; but this extract contaivsmany enzymes, some of which are not
found in malt and others are greatly reduced in activity by kilning,

These data suggest that the material causing viscosity is a
carbohydrate complex, It would be unwise to state that it is degraded by
alpha-amylase as, élthough the alpha~amylase preparation is free from beta
amylase, it was obtained from bacteria and may contain other enzymes such
as the glucosidase described by Kneen {(53),

These results suggest that the factors responsible for the
differences in viscosity that were found in the studies of varieties are
likely to be carbohydrete complexes. The enzyme preparation that was used
for the determination of barley extract was of gimilar origin and brepared
by the same firm as the alpha-amylase preparation that reduced viscosity

of this study. It therefore seems likely that in preparation of barley
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extract this enzyme system released some soluble carbohydrates from the
barley that are not degraded completely by the enzyme systems developsd

during malting and active during mashing,

in amount or activity of this particular enzyme.,

TABLE X

Effect of Added Enzymes oOn Wort Viscosity

The varieties may well differ

—

e -

e—
g

o

. Relative Relative
Treatment Viscosity Treatment Visgcosity
Check 1,60 Check 1.57
1% B amylasel 1.48 .17 o amylase 1.28
»1%  diastase? 1.46 «1% papain 1042
1% ~ amylase’ 1.33 .17 ~L amylase and
1% papain? 1.44 .17 papain 1,31
5% H»S04 {cold) 1.54 Boiled and filtered 1,50
5% HoS04 5% HpS04 (boiled
(boiled 2 hrs. and 1:19 2 hrs, and filtered) l.34
filtered) 257 extract
of green malt (10%
mash) 1,32

l, Beta-amylase for analytical purpose (determination of alpha-
amylese) Wallerstein Laboratories,

Z. Malt diastase, special for analytical purposes.

Laboratories.

3s Alpha-amylase, special for analytical purposes.

Laboratories.

4, Papain, City Chemical Corporation, New York,

Wallerstein

Wellerstein

Bishop and Marx (17) have shown that, as total carbohydrates

in barley and the malt extract from the derived malt decrease, the amountsg
of cellulose and pentosans in the barley increase,
characteristic components of many plant gums and their cleavage products

in malt and wort are likely to be more complex than starch derivatives;

Pentosans are the

they would thus tend to produce an increase in viscogity with decrease

in extract. Accordingly, it seems reasonable to suppose that pentosans



or similar carbohydrates may be responsible for wort viscosity, This
suggestion is in accord with the beliefs of Piratzky and Wiecha (71) who

isolated a viscous amylan from barley though they failed to find this in

malt.

ISOLATION OF A VISCOUS PRINCIPLE FROM WORT

In order to investigate the hypotheses that certain carbohydrates
not derived from starch are responsible for wort viscosity a fractionation
study was undertaken,

To obtain preliminary experience, a sample of barley was treated
by the method of Piratzky and Wiecha (71) for the extraction of the
amylan. Repeated attempts were successful in isolating a gummy material
that was viscous in solution and that gave negative tests for pentosansg
but every attempt to purify the material caused the loss of the viscous
propertiess This is not surprising in view of the comments of Piratzky
and Wiecha, “Vor allem trat dies hervor bei der uns wichtigsten Eigenschaft,
der Viskositdt in wlsseriger Idsung., Je nach de Bedingungen der Gewinnung
und Reinigung bekamen wir Z8higkeiten der 1 %ignen LSSung von 4,0 bis
herunter zu 1,2 cp." Differences between barley types are also likely to
have caused furtheﬁ difficulties in isolating the barley gum; Piiatzky
and Wiecha must have used a FTuropean two-rowed barley whereas a Canadian
six-rowed barley was used in the present studies. It was, therefore,
considered more advantageous to attempt to isolate complexes directly
from wort.

Material and Methods

A commercially prepared malt was thoroughly mixed and split into
a number of 1 lb. samples with a Boerner sampler. These samples were

placed in airtight containers and stored at room temperature,
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Mashes were made at temperatures ranging from 20-80°C, in 5°
intervals, Pifty grams of malt were ground in a malt mill, and 250 mle
disgtilled water at mash temperature was added., The mash beaker was
immediately placed in a mash bath maintained at the desired temperature,
and the mashes were stirred continuously for two hours. The mashes were
then cooled to about 200099 and the beaker contents were made up to 450
grams as in the Congress procedure (1), The mashes were filtered through
Baton and Dikemsn #509 filter paper in the usual way,.

Viscosity measurements were made at 20°C, with an Ostwald
viscosimeter\on each wort, and specific gravity determinations were also
made in the usual way, Total nitrogen and alcohol soluble nitrogen on
each wort were determined on a 25 ml, aliquot. The alcohol soluble
nitrogen is that remaining in solution after 70 ml. of alcchol is added
to 25 ml. of wort and the mixture is 2llowed +to stand overnight and is then
filtered. It may be more accurately defined as nitrogen soluble in 70 per
cent ethyl alcohol,

- The addition of the alcohol to the wort produced a gummy
precipitate that contained the material which contributed most to wort
viscosity. An additional 25 ml, preparation of wort was treated with 70 per
cent alcohol, and the mixture was centrifuged after 30 minutes. The
supernatant liquid was removed by decanting and the residue was redissolved
in 25 ml. of distilled water. Viscosity determinations were made on this
solution of "gums", and the concentration of the material was determined
by evaporating an aliquot to dryness and weighing the residue., The
nitregen content of this alcohol-insoluble gummy material is obbtained by

the difference between total and alcohol-soluble nitrogen in the worte



Results and Discussion

The results of the various determinations are given in Table XTI,

and are shown graphically in Figs., 4A and 4B,

TABLE XI

Data on Gum Isolates from Worts Mashed at Various Temperatures

Gunm
Temperature Viscogity Concentration WNitrogen Extract
% Wort  Gums 1 1 4 Wort 4 Malt
20 1.17 1.22 0.20 9.44 2,26 20,0
25 1,17 1.24 0.24 2.05 2650 22.3
30 1.19 1.23 0,22 8,71 2:59 23,2
35 1.19 1,23 0,24 8.88 2,79 25,0
40 1.19  1l.22 0e24 8625 3600 26,2
45 1,20 1.19 0,26 6,65 3489 3066
50 1,26 1,20 0,28 6,19 4,15 377
55 1.33 1.22 0,32 4,70 5660 52.4
60 1.43 1,26 0.33 3,88 Te73 T4.5
65 1.52 1,28 0,38 2,46 8,04 76,0
70 1.68 1,38 0,58 1,51 Te94 7506
15 1.74 .44 0717 0,90 7,84 74,0
80 1.88 1,60 1.24 0,77 T.74 7360

Fig. 4A shows that changes in mashing temperature did not effect
wort viscosity to any marked extent until 50°C° ﬁas reached, but that
further increases in temperature caused a considerable and steady increase
in viscosity. The percentage of wort solids increased sharply after
5500'99 and these contribute to viscogity. It seems best to discuss the
curve in Fig., 4B before discussing the second curve in Fig. 4A. TFig. 4B
shows the curve for maltose solutions of equal specific gravities to
worts represented by corresponding points in Fig. 4A. Accordingly, the
difference between the wort curve (Fig. 44) and the maltose curve (Fige. 4B)
shows the extent to which the worts are more viscoug than maltose

solutions of equivalent concentrations. The curve for the gum solutions
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in Fig. 4A indicates that_this is the prineipal meterial causing the
difference in viscosity between worts and maltose solutions of equivalent
density. The concentrations of the gum ranges from 002% at 20°C. to
0777 at 75°C. and 1,247 at 80°C.

The viscosities of the gum solutions derived from extraction

at temperatures betwsen 20O and 40°Caareihigher than those for the
corresponding wortse, After 45009, the gum solutions were lower in
viscogity than.the worts and the difference increased with increase in
viscosity., These conditions are prcbably’the result of some changesg that
take place in the composition of the precipitate with increase in mashing
temperature. There was a slow decrease in nitrogen percentage of
precipitates from 20° to 400039 and then a sharp and steady decrease %0
759G, Although this decrease in nitrogen percentage is caused partly by
increase in amount of material precipitated, the absolute amount of the
nitrogen precipitated also decreased. Aside from these changes in
chemical composition, the material alsc changed in properties. The
precipitates from worts prepared from 20° to 40°C, and at 80°C. produced
opague agueous solutions. These were centrifuged before viscosity
determinations were made, bubt were still opaque as only minute amounts
of material were actually thrown down by the process, Since the materials
from the low temperatures of extraction were very high in nitrogen content,
it seems safe to conclude that they were mainly proteins that had been
denatured by the alcohol yet still retained a hydrophilice capacity. The
opacity of the solution of material derived from 80° extract may be well
attributed to long chain dextrins and denatured proteins, At this
temperature, the saccharifying enzymes would be almost completely

inactivated so that starch hydrolysis would be due mainly to effect of
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temperature alone, There was also a gudden increase ab 80%, in amount
of nitrogen precipitated. These results show that the isolates causing
wort viscosity contain nitrogen, a considerable amount when isolates
are derived from low temperature mashes; bubt the variations in nitrogen
content are inversely related to viscosity of wort and of solutions of
the isolate so that the complex causing viscosity is not likely to be
a proteine

Larger scale isolations were undertaken in order to study the
material precipitated by alecohol. As the material precipitated from mash
at 70°C. was low in nitrogen and produced highly viscous aqueous solution,
and as the wort filtered rapidly, mashing at 70°C. was selected as a
standard condition for the larger scale experiments, Sufficient malt was
mashed to provide 3 litres of wort and to this was added three volumes
of ethyl alcohol. After standing overnight, the liquid was centrifuged
and the precipitate was washed twice with alcohol and once each with
ethyl ether and petrocleum ether, The product; a brownish gummy mass, was
air-dried and ground.

The product was subjected to nitrogen snd viscosity determinations,

to tests for starch, to the Molisch test for carbohydrates, and to the
orcinol test for pentosans (67). The results of tests on three isolates
are given below (Table XTII). The tests for starch were negative but the
presence of carbohydrates and pentosans were indieated, It is unlikely
that the materiel contains dextrins, since these are not precipitated by
a concentration of 70% aleohol (15).
The concentration of the material is quite low and the yields

'are variable, but the viscosity of the aqueous solutions and nitrogen

content are inversely related to yield., It thus appsars that further
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work on the standardization of the methods of isolation is required.

The yield of product No. 2 is very low, but it was observed during
preparation that the alcohol was impure and this may have been &
contribubting factor in lowering yield., The maximum solubility of all
products was about l% and the solutions were opaque. Although there isg
a direct relation between nitrogen content of product and viscosity of
solution9 the role of nitrogen in the properties of the material is nov
clear., DPapain did not materially reduce the viscosity of product 1A, bub

an alpha amylase preparation caused a considerasble reduction in viscosity.
TABLE XII

Characteristics of Isolates of Cum

Isolate
1A 2A 34
Yield from 3 1., wort 12 g. 5603 go 10 g.
Relative viscosity 1.57 1.95 1,88
of aqueous solution ¢ = 08L ¢ = 0637 ¢ = 087
Relative viscosity after
treatment with -~
001% <\ amylase 1,18
0.1% papain lo4l
Nitrogen content, % 2,18 3020 2,40
Molisch Test + + +
Pentosan Test + + +
Starch Test - - =

In order to remove nitrogen from the material, the products
digested with 30 per cent NaCH (25 ml, per g.) for two hours at 100°C,
The solutions were quite brown during early stages of digestion, but they

later became light yellow with a brown flocculent precipitate. This
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precipitate disappeared when the solution was cooled and neutralized with
HCl, The solutions were filtered 1o remove any undigested particles and
three volumes of alcohol was added, The resultant precipitate was
recovered in the same way as the original product. These products were
lighter in color than the original product, indeed 1 B-2 was almost pure
white, All products gave positive tests for pentosans. Nitrogen,viscosity,
and other data are given below. They were all very low in nitrogen content
and much more viseous than the original products, In order %o obtain
information on the type of the material, viscosity measurements were made
at various dilutions and the results are included in Table XITI, It is
alsgo interesting to observe that the viscosity of 3B was considerably

reduced by an alpha smylase preparabione.
TABIE XIIT

Characteristics of Gum Isolates after Alkali Treatment

Isolate
1-B1 1 B-2 2B 3B
Yield, % 3765 . 25,0 64 16
Nitrogen, % 0,26 0.52 0620 0.39
Vis. Conc, Vise Conce Vis. Conec, Vise. Con
2,62 290 3643 093 1,89 044 5.07 « 90
2,07 o712 1.73 a46 1.51 822 4,09 272
1076 654' 1942 023 1925 oll 2@97 @54‘
1o517 036 1.26 212 1,13 .05 2,00 o360
1.36 218 1.18 006 1.08 2025 1,40 o 18
1,21 09 l.22 09
l.12 04
PH l% soln, 6@4 9.2 4,5

Viscosity of
17, solution after digestion with alpha-amylase preparstion 1.34
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The yields of the products are variable, as are the pH values
of the solutions., This further emphasizes the need for careful
standardization of igolation technique., There is, however, an inverse
relation between yield and viscosity which suggests that the products
obtained in highest yield are still impure, Relative viscosity is plotted
against concentration for each isolate in Fige 54. The four figures zppear
to belong to one family and the single curve in Fig. 5B was constructed
by adjusting the isolates 1-Bl, 1 B-2 and 2B using the curve 3B as a
reference, For example, the 0,93 concentration 1 B=2 is equivalent in
viscosity to an 0,62 concentration of 3B, so that all concentrationsg of
1B were adjusted by this ratio, The curve in Fig. 5B is artificial but it
indicates that the isolates correspond quité well in viscous p:opertiese
There is some scatter of points up to aboub 0@2% concentration but this is
to be expected when dealing with such dilute concentrations; moreover, at
such low viscosities, the electro-viscous effect is most pronounced, (Bull,
25, ch, 13),

The use of viscosity measurements as an indication of chemical
constitution has been reviewed by Fuoss (36) who discusses the great increase
in viscosity of liquids caused by polymers in dilute solutionse It iz thusr
safe to assume that the isolates are polymers, Low nitrogen contents
suggest that the isclates congist principally of polysaccharides. High
viseogity is characteristic of the plant gums, the constituents of which
are pentosans, often in conjunction with uronic acids (37, p.649); so that
it appears likely that this material is derived from the pentosans of
barleye Fuoss (36) states that useful information on the type of polymers
can be obtained by plotting ratio of viscosity increment over concentration

against concentration Q)r - 1 against c.). He writes, “For meutral
[ ) ;
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Figure 5.

Curves showing relation between viscosity and concentration of solutions,
In Fig., 5A separate curves for each isolate are given. Tig. 5B shows a

composite curve, after adjusting concentrations of all isolates in reference
to isolate 3Be
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polymers, the date lie on a straight line which c¢limbs with increasing
concentration, For polyelectrolytes, the data give a curve that climbs
very sharply with decreasing concenitration.® This function of viscosity
and concentration discussed by Fuoss is plotted for each isclate in
Fig. 6As The curves have similar shapes and these resemble that of a
polyelectrolyte system. Data for the composite curve in Fige 5B are also
plotted in 2 similar manner in Fig. 6B; the resulting curve indicates a
polyelectrolytes It is therefore likely that the material responsible
for viscosity is a polysaccharide that contains-uronic acid groupss The
pH values of the solutions confirm this conclusion. MNMoreover, there is
a direct relation between acidity of product and viscosity. The role of
nitrogen in the product is not clear., There was & considerable reduction
in nitrogen content from the original product to the final product, and
this was accompanied by an increase in viscosity., DBut it may well be
that the basic material from which the viscous principle is derived is a
protein=carbohydrate complex.

It seemed worthwhile to construct a balance sheet for viscosity
from wort to final product, and this is given in Table XIV. The data
indicate that the varistion in yields is practically counterbalanced by
the viscosity of the material obtained. Thus, each of the four final
products that were obtained account for the fairly high proportion of the
original viscosity. Agreement between the calculated contribubtion of the
gums and the sctual contribution of the products obtained is best when
the gum was not actually purified, that is, when it was fedissolved
without drying, The sgreement is not so good when the products wers
isolated, dried, treated, etc. When all manipuletions, and probable

losses due to incomplete precipitation, are taken into account, the agreement
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Curves showing relation between viscosity increment per unit concentration
and concentration. In 6A separste curves for each isolate are given. A
composite curve derived from Fig. 5B is given in 6B.
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is satisfactory for the present stage of investigations. The concentration
of the viscous principle is about Oal% in the wort, which represents aﬁout
1% of the malt,

The viscous principle of wort is concentrated by precipitation
with alcohol, and further concentrated by digestion with alkali followed
by acidification and precipitation with alechol. The yields are low and
variable, but there appears to be a balance between yield and viscous
properties of the isolates, This is the stage at which the work discussed
in this thesis was terminated. The material precipitated from wort by
70% alcohol must be a complex of several different compounds, and plans
for further research include studies diverted towards improvements in
technique of isclation of the compounds. When these improvements have

been made, efforts will be made to dstermine the constitution of the

compoundse
TABLE XIV
Balance Sheet for Wort Viscosity
Viscosity of wort prepared at 70°G. 1,68
 Viscosity of maltose solution of equivalent density 1.24
J. viscosity of additional material l.44
Viscosity of gum solution obtained from 70°C. wort:
{direct solution after precipitation). 1,38
. Viscosity at
Igolate Conc, A Yield B Final Concentration B Final Concentratio
1 o4 384, »15% 1,30
od 25% »10% 1,25
»18 64% 127 1,30

3 o33 16% .05% 1,20




=82~

GENERAL DISCUSSICN

The looseness of the inter-varietal relations among the wort
properties is an indication of the complexity of the factors governing
wort gquality., Although, in general, poor atienuation is accompanied by
high wort viscosity, and high viscosity is accompanied by high wort
turbidity and poor stability, the relations are such that one must conclude
that meny factors are involved, The point is further emphasized by the
generally low magnitudes of the correlation coefficients between the wort
properties and the barley, malting and malt properties.

Among the 24 varieties studied, the wort gualities--degree of
atenuation, viscosity, and turbidity-~are related to malt extract, malt
saccharifying activity, and wort nitrogen, and to barley salt-soluble
nitrogen, steeping time, and malting loss, The relations are not
particularly close, but they are stabtistically significant. Further, the
wort gqualities are not related to barley extract, starch, or p—amylase
activity after activation by papain. Therefore, the wort qualities appear
to be related 0 enzymes other than pwamylase‘that are developed during
malting and thét cﬁange the barley materials into malt extract during
mashing. These wort qualities also reflect the extent to which starch
and protein are degraded in the wort and are indicative of molecular size
and type., That is, the wort properties reflect the degree of modification
of malt, |

The outstanding feature of the correlation studies is that wort
viscosity can be almost completely accounted for by an "extract factor®.

This is the difference between amount of extract obtained by mashing
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barley with prepar&tione of alpha-amylase and beta-amylase, and the
amount of extract obtained by mashing the mait obtained from the barley
by the regular procedure, The discussions of Bishop {16) and Bishop
and Marx {(17) emphasize the importance of quality of the carbohydrates of
barley in determining the amount of extract obtained from the corresponding
malt, They indicate the importance of the "insoluble" carbohydrates and
the pentosans in reducing malt extract.

The present studieg suggest that not all the carbohydrates that
are degraded by the two enzjme concentrates used in preparing barley extract
appear as soluble derivatives in malt. This failure to obtain potential
‘extract has also been studied by Le Corvaisier (27) and Le Corvaisier and
Duvivier (28), These workers eliminated the effects of intrinsic
saccharogenic activity in the malt, finemess of grind, etc., by autoclaving
a malt mash and then mashing with enzymes &8 in the determination of barley
extract. The extract yields obtained were invariably higher, and frequently
much higher, than those obtained by the regular mashing procedure. They
conclude that optimum modification is obtained when similar results are
obtained by mashing malt by both procedures.

The failure to obtain from the malt the potential extract in the
barley may be caused by enzymatic deficiencies or by "intractable®
carbohydrates. The present study has shown that the carbohydrate material
in the barley that is not made soluble during malting and mashing has a
marked influence on wort viscosity. Further; the material causing high
viscosity in worts made at high temperatures can be degraded by the alpha-
amylase preparation that is used in the determination of barley extract.
This alpha-amylase preparation is obtained from bacteria and it may well

be that it contains other carbohydrates, such as the limit dextrinase
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discussed by Kneen (53).

Varieties may therefor differ in content of this enzyme system,
or of some such similar system, or in the carbohydrete complexes in the
barley. The results of the present studies do not provide definite
information as to which condition actually exists., Nevertheless, there
is a strong suggestion that wort viscosity is caused by a complex poly-
saccharide that probably contains acidic groups. This is shown by the
data obtaiped from the material isolated from wort. There is, however,
another indication that the cause of wort viscosity is a polyelectrolyte
systen,

It was found that a curvilinear relation was obtained when the
wort viscosities of different varieties were plottadvagainst differences
between barley and malt extract, This curve is typical of that found
when viscosity is plotted against concentration, and it suggests that
when more Yintractable" materials are present in the barley the resultant
wort of corresponding malts contains more complex carbohydrates. Thus,
complexity of wort carbohydrates is a direct function of the amount of
resistant carbohydrates in the barley.

It seems worthwhile, therefore, to consider the differences
between barley and malt extracts as representing concentrations of some
Tactors in the wort, and to plot viscosity increments per unit concentration
against concentration., This curve was showh in Pig, 7 and is a striking
expression of a polyelectrolyte systeme This result may be fortuitous, but
when considered in conjunction with data obtained on the isolates from
word, it strongly suggests that the viscoug principle of wort is a
polysaccharide that contains uronic aeids,

The origin of this viscous prineiple has yet to be determined,
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Scatter diagram for varietal means showing relation betwsen

viscosity increment per unit and difference between barley
and malt exbract.




86—
but some information is available on the probable source. The cell walls
surrounding starch granules are digested by cytase during malting, and the
starch is then exposed to attack by amylases. This cell wall material is
considered by Preece (72) %o be similar to hemicelloses and he has shown
that gpent Brewers® grains contain two urono-xylans, a urono-araban and a
hexosan, Some soluble products will probably be obtained from these
eﬁmpoﬁnds during malting and mashing. It is recognized that wort does
contain pentosans and pentoses (47, peéés; 50, pe242), but no particular
properties have been assigned to them except the generalization that they
may have some influence on palatefulness and foam retention of beer.

Preece (72) also suggests that the increase of uronic acids
during malting is lost during kilning and that this is probably due to
decarboxylation. An apparent increase in pentosans in malt would thus
occur, as the decarboxylation would give rise to pentosans. Acid treatment
of hexuronic acids also produces furfuraldehyde, which is characteristic
of pentosans, so that positive tests for pentosans are obvained from
hexuronic acids,

The identification of the constituents of the hemicelluloses orn'
gums that exist in barley, malt and wort, requires the isolation and
identification of sach component by special technique. Preece (72)
indicates that he is working on this problem. As the studies presented
in this thesis show that the gums play a more important role in determining
melt quality than has been previously assigned to thems'plans for future
research include further studies on the barley gums,

The relations between soluble nitrogen and wort viscosity
suggested at first that complex nitrogenous compounds determine wort

viscosity, Detailed examination of the available data revealed that
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complex carbohydrates, as indicated by differences between barley and
malt extracts for twenty-four varieties, were the main factor influencing
viscosity and that the effect was independent of wort nitrogen content,
Nevertheless, there appears to be an interrslation between protein and
carbohydrate that is also shown by the high nitrogen content of the
material precipitated from viscous worts by aleohol, Part of the protein
is probably extraneous and does not belong to the complex that causes
viscogity, but the final products were not entirely free from nitrogen.
Though it appears that the protein plays no great role in determining
viscosity, some other factors are worth considering,

The present studies have shown that the degradation of protein
and carbohydrates appear to take place simultaneously with decreases in
wort viscosity, but that the degradation of carbohydrates is the main
factor influencing wort viscosity. Le Corvaisier and Duvivier (28) state
that during malting, "Le solubilisation des pentosans suit celle des
'albuminoidesg suivant les differents malts; i1l y a neanmoins quelgues
ecarts de proportions pour certain maltsw, Proteolytic enzymes are
developed during the early stages of malting and production is about
meximum by the fourth day of growth (50, p.134). Preece (72), in discussing
pentosan development, indicates that total soluble pentosans increase
sharply from germination to about five days! growth and then the amount
levels off, Thus the cytases and protsolytic enzymes develop simultaneously.
There is however another possibility that should be considered.

Protein is distributed throughout the endosperm of grain, and, as
cell wall material is known to be attacked during the malting process,
there ig a possibility of the existence of a complex éontaining both

protein and hemicelluloses. The degradation of this complex may yield
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both protein and pentoéan cleavage products. TEarlier work by Sallans -
and Anderson (76) has shown that rate of absorption of water during
steeping of barley is directly related to amount of salt soluble nitrogen.
Thus protein appears to play some role in diffusion throughout the
kernel, The highly viscous gums may also play some role in determining
rate of diffusion., But whether this role is independent of that played
by protein must in the mesntime remain a mbot pointe The identification
of carbohydrate complexes hasg reached a higher stage of development at
the present time than the identification of protein complexes, so that
thé question of possible protein-carbohydrate complexes must await
identification of the carbohydrate complexes,

The inter-relations among the various barley, malting, malt and
wort propertvies have been discussed as contributions towards an improved
understanding of the chemistry of the materials and processes involved
in malting and mashing. Much remains %o be accomplished in this field,
especially in determining the changes in the complex carbohydrates and
the effects of the degradation products on malt and wort quality. Indeed,
it ig likely that some of the effeéts will not be demonstrable without-
access to brewing trials, These are not yet available in Canada, Never-
theless, the studies reported herein provide some information that is of
immediate use to plant breeders.

Differences between varieties were shown to exist in degree of

atenuvation, viscosity and turbidity of wort made from barley malt. 0.A4.0.21,

Mensury and 011i, which are acceptable malting varieties, produced worts
that were high in degree of attenuation and low in viscosity and turbidivy,
which are desirable featuress Only two of the varieties that ave not

acceptable in malting gquality by the general standards were similar to
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0.A:Ce2l in wort properties, The resulis indicate that the use of wort
guality determinations provide a more rigorous‘ﬁest by which to screen
varieties for suitability as parental materisl in barley breeding
programmes., The determinations on wort may also be used in selecting
the best parental meterial from a group of varieties that are equally
poor in malting guality as judged by the commonly measured properties
but which are the sole source of some particular factor that a plant
breeder wishes t0o incorporate into his hybrids.

There is good reason to believe that when a variety is shown to
be unsatisfactory in malting quality by laboratory tests it will also be
unsatisfactory for commercial malting and brewing. However, when a
variety is promising in laboratory tests there ig no guarantee that it
will be satisfactory for commsrcial purposes; for the laboratery malting
test may fail to discover factors that may later militate against the use
of the variety by the malting and brewing industries. Accordingly,
additional criteria of malt quality, especially those that have a bearing
on practical malting and brewing, are required in the laboratory test.

The study of the relations between the various properties has
produced information that wort quality depends on degree of malt
modifications If the molecular size and type of the wort solids are
dependent on the complexes present in the barley and the changes that are
made in these by the enzymes present in the barley or developed during
malting, a similar condition should obtain in commercial worts. It seems
likely that quantitative énd qualitative differences, particularly in
fermentability and viscosity, would persist in some degree through boiling,
hopping and fermentation, into the beer, There is thus good reason to

believe that analytical results for laboratory worts made from laboratory
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malts provide a practical basis for meking reasonably accurate predictions

about the commercial acceptability of new varieties.
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SUMMARY

Determinations of barley, melt, malting and wort properties
were made on 144 samples of barley representing 24 varieties grown
at each of gix widely scattered points in Canadsa,

Studies were focused mainly on wort properties, Methods
for measuring tuwrbidity, viscosity and degree of attenuation of
wort were improved and standardized. Turbidity was measured
immediately after wort filtration (Initial turbidity) and again
after wort had been kept at 10°c, for 24 hours (final turbidity) by
means of a Zeiss Pulfrich Nephelometer, Viscosgity was measured at
20°C, in an Ostwald viscosimeters Degree of attenuation; which is
a measure of fermentability of wort, was measured by determining
specific gravity of wort before and after fermentation by yeast.

Varietal and station differences were demonstrated in
these wort gualities. Such varietal differences have not been shown
previously. The mean values and ranges for the 24 varieties were:
initial turbidity, 37% end 84%; final turbidity, 1627 and 161%;
viscosity, 1,52 and 0,23 centipoises; degree of attenuation, 77.1%
and 4,87,

Inter-varietal relations between the wort properties were
examined by means of correlation studiés° The significant relations
were: degree of attenuation and viscosity were inversely reiated
(r = =,606™%); viscosity was directly related to initial (.532%*)
and fipal turbidity (.678%%); initial and final turbidity were

closely and directly related (.875F)., The correlation coefficients,
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with the exception of that between initial and final turbidity,
were not of high magnitude., This indicates the complexity of the
factors contributing to wort quality.

The following\determinations were also made: percentage
heavy grade, 1000 kernel weight, total nitrogen, salt-soluble
nitrogen, starch, extract and total saccharogenic activity ofbﬁhe
barley; steeping time and loss in weight during malting; extract
and saccharogenic aetivity of malt and wort nitrogen content. |

The relations between the wort properties and the barley,
malting and mali prOpe$ties were examined by meéns of correlation
studies, Significant correlations were found more frequently
between the wort properties and the malting and malt properties
than between the wort properties and the barley properties.

Initial wort turbidity was directly related %o length of
steep required during malting (.534**) and inversely related to
malting loss (=.43%") and wort nitrogen content (=-.435%F), PFinal
wort turbidity was directly releted to length of steep (.559F) and
inversely reléted to salt-soluble nitrogen in the barley (-.424%),
malting loss (=.550%*), malt extract (-.487F) and wort nitrogen
content (-.594*%*), The correlation coefficients involving wort
nitrogen content are in accord with existing opinion that wort
turbidity is an expression of high molecular weight nitrogenous
complexes,

Degree of attenuation was directly related to salt-soluble
nitrogen in the barley (.424%), malt extract. (,572%F) and saccharogenic
activity (.550%F) and wort nitrogen content (2461%%), The multiple

correlation coefficient involving degree of attenuation, malt extract
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and malt saccharogenic activity was significant {.710°%), Degree
of attenuation is thus shown to be related to both amount of extract
and degree to which starch may be dégraded by the amylases,

Wort viscosity was inversely related to salt-soluble
nitrogen in the barley {-.671%*), to maltimg loss (-.810%F), to
extract (-.559*) and saccharogenic activity of the malt (-,5200%),
and to wort nitrogen content (=-.842%%), The highest correlation
coefficient was that between viscosity and nitrogen'content of wort.
However, further examination of the data revealed thaﬁ differences in
wort viscosity was most closely related to the varietal differences
between barley and malt extracts (.,900%), and this relation was
independent of wort nitrogen content,

It is inferred from these studies that the wort qualities
are measures of the changes in the kernel constituents that take
place during malting end mashing. They are therefore a measure of
malt modification, Among the vérieties studied, as wort nitrogen
content increases its state of subdivision also increases and this
produces & more stable wort. Similarly, as more extract is produced,
greater amounts of the simple sugars are formed and these are more
readily fermented by yeast. The changes in total extract also
influences wort viscosity. As amount of malt extract obtained
approaches the potential extract in the barley, the extractables
appear to be transformed into simpler compounds and wort viscosity is
thus reduced,

As the solubles of both barley and malt are predominantly
carbohydrates, it is suggested that the principal factors causing

high wort viscosity are complex carbohydrates, Additional studies
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of wort viscosity were made on a commercial sample of malt. Wort
viscosity increased with increase in temperature of mashing. Treat-
ment of such viscous worts with papain, a proteolytic enzyme, did not
reduce viscosity. Treatment with an alpha-amylase preparation caused
a marked decrease in viscosity. This evidence is consistent with the
hypotheses that fhe viscosity of worts is due t0 carbohydrate complexes.

(12) Worts prepared at temperétures ranging from 10°C. to 80°%.,
were fractionated by making up to 70% alcohol concentration. A highly
viscous gum was precipitated by this procedure, When the gums were
redissgolved in water to the original concentration in wort, the
solutions were almost as viscous as the original wortss

(13) Viscous gums were obtained in the dry state after fractionating
wort from mashes made at 7OOCe The gum contained about 3% nitrogen and
was degraded by an alpha-amylase preparation, The gum was digested
with sodium hydroxide and reprecipitated from acid solution. A second
product was obtained that contained only about 0037 nitrogen, This
appears to be the factor mainly responsible for wort viscosity, It
contains no starch or dextrins, gives positive tests for pentosans,
and is also degraded by an alpha-amylase preparation,

(14) The characteristics of this final product were studied by
means of viscosity measurements at various low concentrations., The
viscosity-concentration curves suggest that the material is a
polyelectrolyte, It is probably a complex of hexosans, uronic acids,
and pentosans, that is derived from the barley gums. The significance
of these barley gums in relation to malt quality has not béen
adequately established and no significant role in influencing worts

quality has previously been assigned to pentosans.
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In spite of the indications that nitrogen compounds do not
have a direct effect on wort viscosity, it is suggested that they
are indirectly involved. Degradation of proteins and pentosans take
place simultansously during malting with an accompanying decrease
in wort viscosity, It is suggested that the material in barley that
gives rise to compounds responsible for high wort viscosity is a

protein~carbohydrate complex.
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