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The studies of Narziss et al. [13] demonstrated that the variety of§
barley also has a clear effect on the level of a-amylase in malt. Am_ong
the ten varieties studied by these authors there was also the variety
Trumpf used in our experiments, and its a-amylase content was found to
be medium as compared to the contents in the remaining varieties. The
temperature of steeping water has a bearing on the accumulation' of
enzymes, but this dependence is not quite clear. Kretschmer [12], Pizlo
[14] and Bielawska [3] indicate 14°C as the optimum temperature. On the
other hand, Fridrich and Narziss [9] claim that 21°C is the most favour
able temperature for enzyme accumulation during air-water steeping.

According to Sommer [15] exact temperature control during grain
steeping at 10-20°C is not necessary. Banasik [1] found a strict dependencei
between the intensity of grain aeration during steeping and enzymé
activity in the obtained malt. The studies of Narziss and Fridrich .[9]»
showed that the activity of a-amylase in grain steeped to 46% humidity
is twice higher than in grain of 40% humidity. Godlewska et al. [10)
found that 46% humidity is optimum for the accumulation of a-amylast
in malt. .

The studies of Dan [6] indicate that germination temperature 16-177C
1s best for the accumulation of enzymes in grain.

The supply of oxygen is particularly important in the initial phase of
barley germination. Malting in an atmosphere with large amounts of
carbon dioxide leads to a drop of a-amylase content in malt [7]. _

The metabolic processes in plant cells during germination are stim¥
lated by natural hormones. An artificial addition of plant hormone speed
up the growth and development of grains [11]. The plant hormone s
in Polish brewing industry, gibberellin acid (g.a.), is produced by the
“Polfa” Enterprise in Kutno under the brand name “Gibreskol”. .

The search for optimum doses of gibberellin acid and of germina'“";1
inhibitors was the subject study of Dylkowski [8]. In report of Bielawska
stated that optimum a-amylase accumulation at 10°C of the last steepint
water with g.a. and inhibitors, and pH of 6.1 and 7.1.

MATERIAL AND METHODS

Three varieties of barley from the 1982 crop were used to pI‘OduCe
malts on microtechnological scale: Polon, Trumpf (brewer’s barleys) an
the spring barley Diva (Table 1).

The malting of 1-kg samples of barley was done in the micro-malt‘
house of the Institute of Fermentation Technology and Microbiology 0
the £.6dz Technical University (Fig.). -

Barley samples were steeped in 4 dm?® cylindrical-conical vats eqmppe e
with a spiral coil pipe feeding air from a compressor. The samples wer
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continued from 8 am. to 9 p.m. with the temperature raised gradually
to 75°C. The total time of drying was 24 h.

The following was determined in the barleys taken for experiments
humidity, extractivity by the method of Pawlowski, total protein, starch
polarimetrically, the weight of 1000 grains, with homogenous 9/o of grain
diameter germinative energy after 3 and 5 days.

The analysis of the experimental malts concerned: humidity, extrac-
tivity in flour and grist, total protein, tannin protein according to Lundi,
wort colour in Hellige’s neocomparator, Kolbach number, total tanninsr
in wort by the colorimetric method with Fe ions, wort viscosity in a Hoe-
pler viscosimeter, a-aminoacid nitrogen by the ninhydrin method,
a-amylase content by Briggs’ maltose method [5] with 3,5 dinitrosalicylli
acid, diastatic activity according to Windisch-Kolbach, content of endo-f
glucanases (cellulase) according to Bernat [2] with carboxymethylcellulose
sodium salt, endopeptidases content by the method of Breit et al. [4}

In the preliminary phase of experiments we checked the effect of gral
steeping, and of malting time and temperature on the contents of
o-amylase, endo-B-glucanases and endopeptidases in the malts. Barlej
samples were steeped until their humidity increased to 43 and 46%
Malting was performed at 14 and 18°C for 7 and 9 days. The results are
given in Tables 2 and 3.

Subsequent experiments were intended to determine the pest dos
of the Polish gibberellic acid (g.a.) for the studied barley varieties. Dost
of 0.2, 0.3 and 0.5 mg g.a/kg barley were investigated. The acid ¥
introduced into the final steeping water in the form of an alcohol solutif
(0.2 mg g.a. per cm®). The barley was steeped till it attained 46%0 humidi}
The pH of the water was adjusted to 6.5 before adding the g.a. Previot
studies have demonstrated that pH 6.5-7.5 is the most advantageous '

g.a. activity. Table 4 shows exemplary results obtained for the Trumf
variety.

During steeping, g.a. remained in contact with barley for 14-16 h. Thi
steeped samples were malted for 5 days at 18°C. Control samples withou

g.a. were malted for 7 days. The results for various doses of g.a. are give
in Table 5.

RESULTS AND DISCUSSION

Looking at the results of experiments collected in the Tables we noticj
the following: The content of g-amylase in comparable malts clea
depends on the variety of barley, with the highest content being in !

Polon variety; Trumpf contains less g-amylase, and the least amoun!
present in the feed variety Diva.

For example, Polon barley steeped to 46 humidity and malted £






Table 3. Chemical analysis of malts produced from grain steeped to 46%, himidity and malted for 7 and 9 days at 18°C

Barley Variety

Characteristic Diva-days Polon-days Trumpf-days
7 9 7 9 7 9
Humidity (%) 5.53 5.94 4.64 4.92 4,93 5.16
Total protein (% dry mass) 10.45 10.29 9.96 10.46 11.14 11.03
Kolbach number (%)) 40.0 39.6 46.9 46.5 44.8 448
. Tannin protein (¥, dry mass) 0.89 0.84 1.15 1.04 1.02 0.90
&  x-aminoacid nitrogen (mg/dm?3) 134 140 168 177 166 173
Extract in grist (¢, dry mass) 74.8 74.6 79.3 79.1 77.7 78.1
Extract in flour (% dry mass) 80.6 80.4 82.0 82.3 80.9 81.0
Loosening (%, dry mass) 5.8 5.8 2.7 3.2 3.2 2.9
Diastatic activity (W-K units in d.m.) 240 250 270 270 250 260
Colour (EBC units) 34 4 4 4 4 4.5
Viscosity (mPa - s) 1.75 1.74 1.64 1.60 1.60 1.59
Tannings (mg/dm3) 28.2 32.8 45.1 45.5 40.1 41.0
a-amylase (FS units/g dry mass) 470 480 580 580 550 570
Endo-B-glucanases(units/100 g d.m.) 156 170 222 273 158 172
Endopeptidases (units/100 g d.m.) 10.0 12 12.8 14 13.6 14.8

-




Table 4. Chemical analysis of malts produced from Trumpf barley of 1981 crop with the use of final steeping water of variable pH. Additions of gibberellic
acid (0.2 mg/kg) + CaCl; (3 g/kg) and KBrO; (0.03 g/kg). Humidity — 43%,, malting duration — § days, temperature of malting — 14°C

Sample Control _ _ _ _
Characteristic —_— without g.a. pH = 5.5 pH = 6.5 pH = 7.5 pH = 85
Humidity ) 6.08 5.24 4.97 5.30 5.18
Extract in flour (% dry mass) 78.8 77.9 78.5 78.8 78.9
Extract in grist (% dry mass) 74.6 72.3 74.0 74.0 73.8
Loosening (% dry mass) 4.2 5.6 4.5 4.8 5.1
Wort colour (EBC units) 4.5 3.5 4.0 4.5 4.5
Total protein (% dry mass) 12.38 12.28 12.26 12.30 12.33
Tannin protein (% dry mass) 1.08 1.02 1.06 1.09 1.09
Kolbach number %) 43.5 45.2 45.8 46.1 45.3
Tannins in wort (mg/dm?) 51.6 58.9 58.2 61.2 62.2
Viscosity of wort (mPa-s) 1.50 1.50 1.51 1.61 1.59
Diastatic activity (W-K units in dry mass) 450 450 450 460 450
a-amylase (FS units/g dry mass) 710 640 930 900 750
Endo-3-glucanases (units/100 g dry mass) 57.3 49.7 62.2 57.8 42.8
Endopeptidases (units/100 g dry mass) 13.12 13.79 14.25 10.52 10.90




Table 5. Chemical analysis of malts produced from Polon, Trumpf and Diva barleys with various addition of gibberellic acid (0.2, 0.3 and 0.5 mg/kg). Humidi-
ty — 46%;, malting duration — 5 days, temperature — 18°C. Control sample without g.a. was malted for 7 days

Control Barley variety
Polon Trumpf Diva
Characteristic .
Polon | Trumpf | Diva | 4, mg 03mg | 0.5mg | 02mg | 03mg | 05mg | 02mg | 03mg | 0.5mg
g.a. g.a. g.a. g.a. g.a. g.a. g.a. g.a. g.a.
Humidity (%7) 4.64 4.93 5.53 522 522 5.32 5.44 5.33 5.72 5.69 5.83 5.69
Total protein (% dry mass) 9.96 11.14 10.45 10.08 10.19 10.21 11.06 10.92 10.89 10.42 10.38 10.35
Kolbach number (%) 46.9 44.79 40.0 47.5 47.8 48.2 46.50 48.40 49.10 42.20 43.90 44.10
Tannin protein
(% dry mass) 1.15 1.02 0.89 1.10 1.08 1.07 1.01 0.98 0.92 0.92 0.85 0.80
«-aminoacid nitrogen
(mg/dm?) 1.58 | 166 134 209 212 222 211 226 227 165 174 193
Extract in grist
(% dry mass) 79.3 71.7 74.8 80.4 80.7 81.1 71.7 78.7 78.9 76.5 71.9 78.2
Extract in flour -
(% dry mass) 82.0 80.9 80.6 82.9 83.0 83.2 80.5 80.8 80.9 81.0 81.6 81.8
Loosening (%} dry mass) 2.7 32 5.8 2.5 2.3 2.1 2.8 2.1 2.0 4.5 3.7 3.6
Diastatic activity
(W-K units in dry mass) 270 250 ¢ 240 350 320 300 320 310 280 300 330 280
Colour (EBC units) 4 4 3.5 4.5 4.5 5 4 4 4 3.5 3.5 3.5
Viscosity (mPa. s) 1.64 1.60 1.75 1.54 1.51 1.49 1.59 1.51 1.49 - 1.68 1.64 1.64
Tannins (mg/dm3) 45.1 40.1 28.2 47.5 48.3 489 39.2 39.8 41.0 28.9 30.3 31.8
a-amylase (Fs units/g dry
mass) 580 550 470 880 780 690 840 770 640 710 740 700
Endo-f3-glucanases
(units/100 g dry mass) 222 158 156 233 248 250 160 169 150 161 168 172
Endopeptidases (units/
/100 g dry mass) 128 136 10.0 13.1 137 13.8 138 14.3 14.8 10.1 . 10.9 11.8

R
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7 days at 14°C gives a malt containing 7% more a-amylase than the malt
from the Trumpf variety and about 20% more than malt from the Diva
variety. Steeping the barley to 46%e humidity prior to malting increases
the content of a-amylase by about 13% compared to when the humidity
stands at 43%. An increase of malting temperature from 14 to 18°C also
increases the o-amylase content but to a lesser extent. The prolongation
of malting from 7 do 9 days results in a small increment of a-amylase
content but the the obtained malt contains about 30%0 grains with sprouts
exceeding the length of the grains.

The content of endo-f-glucanases, similarly as that of a-amylase, was
highest in Polon malt and lowest (2990 less) in the malt from Diva barley.
Barley with 46% humidity gives about 30%¢ more glucanases than that
with 43% humidity. The malting temperature of 18°C also boosts the
amount of enzymes.

The content of endopeptidases was similar in Polon and Trump{ malts,
and was lowest in the Diva malt.

An addition of malting stimulant, gibberellic acid (g.a.) clearly incre-
ases g-amylase content in the malt as well as its diastatic activity. The
strongest reaction to this stimulant was displayed by the Diva variety.
The optimum g.a. dose of 0.3 mg/kg of Diva barley increases a-amylase
content by about 57% and the diastatic activity by about 34%s. The
optimum addition of 0.2 mg g.a./kg Polon barley increased a-amylase
content by about 53%, the figure for Trumpf barley being about 52%b.

A small increase of endo-f-glucanases and endopeptidases was found
in Polon and Trumpf malts with g.a. doses of 0.2 mg/kg and in Diva malt
with 0.3 mg g.a./kg. Greater differences, of about 12%s, occurred in malts
with 0.5 mg g.a./kg.

The results in Table 5 show that and addition of 0.3 mg g.a. per kg of
Diva barley markedly improves the technological properties of the re-
sultant malt, making it suitable for beer production under certain condi-
tions.

CONCLUSIONS

The results of the present research justify the following conclusions:

1. As reported in literature, the variety of barley has a clear bearing
on the a-amylolytic value of malt. The highest enzyme content was in
the Polon variety, Trumpf followed next, and the smallest content was
in the feed barley Diva.

2. Steeping of barley to 46°/o humidity increases a-amylase content
in malts. The following conditions were found to favour a-amylase
accumulation in malt without gibberellic acid: humidity of malted grain —
46%o, malting temperature — 18°C, malting duration — 7 days.
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3. An addition of 0.2 mg g.a./kg grain is enough to ensure high accu-
mulation of a-amylase in malt from Polon and Trumpf barleys. For the
feed barley Diva the most effective dose was 0.3 mg g.a./kg grain. The
mean increase of a-amylase content in the studied barley varieties was
54%0 for g.a. additions of 0.2-0.3 mg/kg, and for pH of the water with g.a.
ranging from 6.5 to 7.5, as compared with control samples without g.a. It
must be stressed that the results are for barley from the 1982 crop
(differences between the various years have been noted). The dose of
0.5 mg g.a./kg did not cause a further increase of a-amylase content, but
increased the amounts of endo-f-glucanases and endopeptidases.

4. In general, the changes in endo-f3-glucanases and endopeptidases
contents in the experimental malts were much smaller than changes of
a-amylase, and were not corelated with the a-amylase level.

5. The feed barley Diva proved the most susceptible to the stlmulatmg
effect of the g.a. dose of 0.3 mg/kg (the a-amylase content exceeded that
in the control sample by 57/).

6. In the established malting conditions with an addition of gibberellic
acid, the feed barley Diva may be used in the production of brewer’s malt
in case of a shortage of suitable brewer’s barley.
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WPLYW STOPNIA NAMOCZENIA, TEMPERATURY SLODOWANIA I DODATKU
KWASU GIBERELINOWEGO NA NAGROMADZENIE a-AMYLAZY W SLODZIE
Instytut Technologii Fermentacji i Mikrobiologii, Politechnika ELoédzka

Streszczenie

Do stodowania w skali mikrotechnicznej uzyto krajowe odmiany browarne
jeczmienia: Trumpf i Polon oraz odmiane paszowg Diva ze zbioru 1982 r. Okre$lano
wplyw zmienno$ci warunkéw stodowania: namoczenie jeczmienia do 43 i 46%, czas
stodowania 7 i 9 dni, pH wody z dodatkiem kwasu giberelinowego (K.G.) od 5,5 do
8,5, dawki K.G. w zakresie 0,2, 0,3 i 0,5 mg/kg. W do$wiadczalnych jeczmieniach
oznaczano: wilgotno$é, ekstraktywnoéé¢, bialko ogolem, skrobie, wage 1000 ziaren,
celno$¢ ziarna i energie kielkowania. Analiza slodéw obejmowatla: wilgotnos¢, eks-
traktywno$¢é w mace i §rucie, bialko ogblem, bialko taninowe, barwe brzeczki, liczbe
Kolbacha, garbniki ogélem, lepkosé brzeczki, azot a-aminokwasowy, zawartos¢ a-amy-
lazy (metodgq maltozowa Briggsa), sile diastatyczng wedlug Windisch-Kolbacha, za-
warto$é endo-f-glukanazy i zawarto$é endopeptydaz. Najwyzsze zawartosci a-amylazy
(tab. 2) dawala odmiana Polon (570 j. FS), nizsze Trumpf (o ok. 7®/), najnizsze
odmiana paszowa Diva (o ok. 20%). Za korzystne warunki nagromadzania w-amylazy
w stodzie bez dodatku kwasu giberelinowego (K.G.) uznano: namoczenie ziarna do
wilgotnosci ok. 46%s, temperature stodowania ok. 18°C i czas slodowania 7 dni (tab. 2
i 3). Przy ilosciach dodawanego kwasu giberelinowego od 0,2 do 0,3 mg/kg jeczmienia
i pH wody z K.G. od 6,5 do 7,5 $redni przyrost zawartosci a-amylazy dla badanych
odmian wynosit 54% w poréwnaniu z prébami kontrolnymi bez K.G. (tab. 5). Dla
odmiany Diva przyrost ten wynosit 57%. Opracowane warunki slodowania z do-
datkiem K.G. stwarzaja mozliwosci produkcji z jeczmienia odmiany Diva slodu
piwowarskiego.



