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Triticale Malt (xTriticosecale Wittmack) a Raw 
Material for Brewing – Using Response Surface 
Methodology to Optimise Malting Conditions
Response surface methodology was used to investigate the infl uence of three malting parameters, degree of steeping, ger-
mination time and temperature, on the quality of triticale malt. Each predictor variable was tested at three levels. Germi-
nation times were set to 5, 6, and 7 d, degrees of steeping to 42, 45, and 48 %, and germination temperatures were 15, 18 
and 21 °C. The initial kilning temperature for all malts was set to 50 °C and gradually increased to 80 °C. A series of malt 
quality attributes were investigated including extract, viscosity, arabinoxylan, apparent attenuation limit, α- and β-amylase 
activity, limit dextrinase activity, α-amino nitrogen (FAN), Kolbach index, soluble N and dimethyl sulfi de precursor (DMS-
P). The optimum malting programme was determined with 5 d germination time, 45 % degree of steeping, 15 °C steeping 
and germination temperature. The amylolytic and proteolytic activity obtained, were 84.8 % extract, 78.3 % AAL, 264 U/kg 
limit dextrinase activity, 1055 U/g β-amylase activity, 254 U/g α-amylase activity, 155 mg/L FAN, 1.7 mg/kg dimethyl sulfi de 
precursor (DMS-P) and 2.305 mPa × s viscosity. 

Descriptors: triticale, malt, response surface methodology, alternative cereal

1 Introduction

In view of qualitative and quantitative unsatisfactory barley crops 
(e.g. 2006) and high raw material prices, alternatives to the tradi-
tionally used barley are investigated. Triticale can be considered 
as an alternative crop, furthermore due to its cereal qualities, it 
could be used as raw material for new types of beverages.

Triticale (xTriticosecale Wittmack) is the fi rst man-made cereal. 
In 1875 the Scottish botanist Wilson [1] described infertile crosses 
between wheat and rye from which an intergeneric hybrid was 
obtained. The history of cultivation of triticale started in 1888 
when Rimpau [2], a German breeder, found a fertile descendant. 
From this point on three phases of breeding are distinguishable. 
The fi rst experimental cross-breeding phase took place between 
1875 and late 1920s. It was followed by a short transition period 
(1930s to 1947) in which cytological characterisation was deter-

mined. Both phases led to systematic cross-breeding, which has 
been continued until today.

The decisive breakthrough in triticale breeding was reached by 
Givaudon in 1937. He took colchicin, an alkaloide from the meadow 
saffron, to double the chromosome number and by doing so, he 
enabled its fertility. The name triticale (Triticosecale) was formed 
in 1935 by Tschermak. It combines Triticum aestivum respectively 
durum with Secale cereale [3].

Today’s triticale crossings use rye and wheat as male and female 
parents, respectively. The opposite was also attempted (called 
secalotricum) but did not produce the desired results. Some of the 
reasons were: high infertility caused by slow growing of the pollen 
tube and very strong straw development. Today secalotricum has 
completely lost importance.

On the other hand there are many variations of hexaploid (2 n = 
6 x = 42 chromosomes) and octoploid (2 n = 8 x = 56) triticale 
by crossings of the tetraploid Triticum dicoccum (2 n = 4 x = 28) 
with rye (2 n = 2 x = 14) respectively crossings with the hexaploid 
Triticum spelta (2 n = 6 x = 42). Additionally, there is differenti-
ated primary and secondary triticale, special re-crossings called 
substitution- as well as recombination triticale [4, 5, 6]. Generally 
hexaploid varieties are used because of better seed quality and 
higher yields. Agronomically triticale combines the insensitivity 
of rye with the high productivity of wheat. The grain’s weight, 
colour and size are almost similar to those of wheat, however the 
spelt is more shrivel and the straw length varies between 30 and 
150 cm.

Triticale Amarillo was the fi rst approved variety in Mexico [7] and 
Hungary 1968 [8]. It was almost 20 years later that the hybrid was 
introduced to Germany. By 1999, there were over 150 approved 



55         May / June 2009 (Vol. 62) BrewingScience

varieties worldwide [8]. In 2005, approximately 2.7 million tons 
were cultivated in Germany, in 0.5 million hectare. The yearly 
worldwide production encloses about 13.5 million tons.

Triticale is commonly used for animal feed, bio ethanol and, to a 
lesser extent, for baking purposes. Its feed high quality is based 
on the favourable amino acid composition. Triticale is permitted 
in Germany for brewing, where the purity law is adhered to, but 
only for top fermenting beers.

With only few exceptions, the chemical composition of triticale 
is similar to wheat concerning starch ingredients and physical 
characteristics, protein, raw fi bre, ash [9]. Compared to wheat 
the higher content of free sugars and pre-existent low molecular 
proteins results from similar enzyme composition as rye. Triticale 
on its own is rich in enzymes [10]. The gelatinization temperatures 
of unmalted as well as malted triticale are recorded a bit lower 
than its parents [11]. The lipid content of triticale is similar to the 
one of rye, however, mineral and trace elements seem to be higher 
than both, wheat and rye, especially Ca, Cu, Fe, P, Na, Mn and 
the Zn [9]. Vitamins do not signifi cantly differ from either parent 
[12]. In most aspects there are enormous differences among the 
varieties [13].

The pentosans (here = arabinoxylans) are of high importance 
in triticale. Physiologically the non-starch-polysaccharides 
(nsp) are described as roughage, or dietary fi ber, which is 
known to stimulate peristaltic activity, support the intestinal 
fl ora and has advantages for the removal of toxic substances 
from the colon. The linked ferulic acid (app. 0.2 %) has antiradical 
effects and shows favourable bioavailability for humans. Pentosans 
tend to oxidative crosslinking via ferulic acid branches. These pen-
tosans and polymerisation products combined with synergetic effects 
and proteins cause the high viscosity of triticale wort and beer. The 
total amount of araboxylans lies around 7.6 % (1.8 % water soluble) 
[14]. Rye showed in these analyses 12.2 % total pentosans (3.9 % 
water soluble) and wheat 6.6 % (2.16 % water soluble).

2 Experimental

Unmalted triticale

Triticale variety Modus with 12.7 % moisture was used in the mal-
ting trials. The triticale samples were obtained from Saaten-Union 
(Nordsaat Saatzucht GmbH, Böhnshausen), grown and harvested 
in Germany in 2006. According to breeder’s information the total 
N lies slightly below average.

2.1 Malting Procedure

Malting was carried out in 1 kg batches, 24 malts were produced 
simultaneously varying the malting conditions (Fig. 1). The stee-
ping water was equilibrated by placing it 24 h prior to steeping 
into the temperature controlled compartments. Steeping was done 
for 5 hours during the fi rst day and 4 hours during the second. In 
certain cases, fi nal moisture (42, 45 or 48 % degree of steeping) 
was reached on the third day by additional steeping. Steeping 
and germination (vegetation time: 5, 6, and 7 d) were done at 

three different temperatures, which were kept constant (15, 18 
and 21 °C) in temperature controlled chambers with 95 % RH. 
Kilning was done at 50 °C for 16 hours followed by an hour rest 
at 60 °C, one hour at 70 °C and fi nally four hour rest at 80 °C. 
After kilning, rootlets were removed and the malt was allowed to 
rest for 7 days before mashing.

2.2 Analytical Procedures

Analytical procedures were carried out in duplicate (n = 2). All 
concentrations are based on dry weight unless otherwise menti-
oned. Other than amylolytic activities which were determined 
using commercial analysing kits from Megazyme, Bray, Ireland. 
All analyses were carried out according to the standard methods of 
the European Brewing Convention (EBC) [15], Mitteleuropäische 
Brau- und Analysenkommision (MEBAK) [16, 17] and American 
Society of Brewing Chemists (ASBC) [18] using a congress mash 
programme with 100 % triticale.

Extract 

The malt extract was determined by using an Anton Paar Alco-
lyzer (Anton Paar, Graz, Austria) following MEBAK method 
3.1.4.2.2 [17].

Apparent Attenuation Limit

Apparent attenuation limit (AAL) was determined following 
MEBAK method 4.1.4.10 [19].

Gelatinisation Temperature

Gelatinisation temperature (GT) was measured with a rapid visco 
analyser RVA Super 4 (Newport Scientifi c, Warriewood, Australia) 
as reported elsewhere [20] and the MEBAK method 2.7 [17]. The 
weigh-in was 7.5 g malt and 15 g dist. H2O. 

α-Amylase Activity 

ICC standard method 303 [21] by means of a Megazyme enzyme 
kit (Megazyme, Wicklow, Ireland) was used to measure the level 
of α-amylase activity. Deviating from the ICC-method, the weigh-
in was 1 g instead.

β-Amylase Activity

β-amylase activity was determined using the Megazyme kit 
(Megazyme, Wicklow, Ireland) [22, 23].

Limit Dextrinase Activity

Limit dextrinase activity was determined using the Megazyme 
kit (LDZ 7/98).

α-Amino-Nitrogen (FAN)

α-Amino-nitrogen determination was based on MEBAK method 
3.1.4.5.5.1 [17] using a Skalar working station (Skalar, Breda, 
Netherlands). 



May / June 2009 (Vol. 62)          56BrewingScience

Kolbach index (ratio S/T)

The effects of malting conditions on proteolytic activities in triticale 
was determined using the Kolbach index, which was calculated 
from the formula, (% soluble protein/% malt protein) × 100, by 
following MEBAK method 4.1.4.5.3 [24].

Dimethyl Sulfi de Precursor (DMS-P) 

DMS-P determination was based on MEBAK method, 3.1.4.17 
[17].

Viscosity

Wort viscosity was measured using a rolling ball viscosimeter 
AMVn-Automated Micro Viscometer (Anton Paar, Graz, Austria) 
at 20 °C according to MEBAK method 4.1.4.4.1 [25].

Total (AX) and Water-Extractable (WEAX) Arabinoxylan

The analyses of AX and WEAX have been carried out similar to the 
method presented by Houben et al. [26], with slight modifi cations. 
Due to a better separation of the monosaccharides glucose and 
xylose by the CarboPack 10 column, the treatment with glucose-
oxidase was not necessary in the modifi ed method. 

For the determination of the total AX content the samples were 
milled with a laboratory hammer mill (Laboratory Mill 3100, 
Danfoss). Then 0.1 g of the sample was dissolved in 4.0 mL 
of distilled water and 4.0 mL of 4 M HCl and hydrolysed for 
60 minutes in boiling water in a normal laboratory screw-cap 
test tube. The samples were cooled to room temperature and 4.0 
mL of 4.0 M NaOH were added to neutralise the samples. Sub-
sequently the concentration of monosaccharides was measured 
by HPAEC/PAD.

The amount of water-extractable arabinoxylan was determined by 
adding 1.5 mL of water to 0.1 g of milled sample. After stirring 
for approximately 60 minutes at 65 °C and subsequently centri-
fuging, 1.0 mL of the supernatant was removed, hydrolysed and 
neutralised as described above [27].

Prior to analysis by HPAEC/PAD the chloride ions were removed 
using OnGuard II Ag cartridges from Dionex. The contents of AX and 
WEAX were calculated as the sum of the pentose sugars, arabinose 
and xylose, multiplied by 0.88 to correct for anhydro monosaccha-
rides [26]. The coeffi cient of variation was less than 2 %.

2.1 Experimental Procedure

A response surface methodology study as described by Montgomery 
[28] was conducted to determine the relative contributions of three 
predictor variables (degree of steeping, germination time and 
temperature) on the quality of triticale malt. Using the software 
package StatEase (Stat-Ease Corporation, Minneapolis, USA), 
a face-centred cube with double replicated factorial and center 
point was constructed (Fig. 1). This design was chosen because 
the region of interest and the region of operability are nearly the 
same. The power at 5 % alpha level for effect of double standard 

deviation for this design is clearly above 80 %. Maximum and 
minimum predictor levels were defi ned by carrying out preliminary 
malting tests. Three levels for each predictor were incorporated 
into the design.

Response variables measuring malt quality attributes were extract, 
AAL, gelatinisation temperature, α- and β-amylase activity, limit 
dextrinase activity, FAN, soluble N, Kolbach index, DMS-P, viscos-
ity and AX and WEAX. After analysing the characteristic ratios, 
the calculated statistic models were analysed and evaluated with 
the help of different indices. The most important statistic indices 
are: (a) R² values quantifying the stability index of the regression 
model, (b) p-values which show the signifi cance, (c) F-values 
describe the infl uences on the model, as well as (d) lack of fi t, 
which describes the scatter of the data around the formed model. 
Afterwards the optimum malting parameters were calculated. 

3 Results and Discussion

The impact, on the malt quality, of different moisture contents (42, 
45, 48 %), germination temperatures (15, 18, 21 °C) and germi-
nation times (5, 6, 7 d) were evaluated. The responses measured 
were extract, attenuation limit, gelatinisation temperature, α- and 
β-amylase activity, limit dextrinase activity, α-amino nitrogen 
(FAN), Kolbach index, soluble N and dimethyl sulfi de precursor 
(DMS-P), viscosity and arabinoxylans.

In Table 1 the measured as well as the calculated minimum and 
maximum values of the study are listed. The measured and cal-
culated values show good correlation. Triticale, like rye, has the 
ability to absorb water quickly contrary to wheat which absorbs 
water slowly due to its protein composition and probably also 
because of the lower enzyme levels.

3.1 Amylolytic Attributes

Extract

A potential extract of more than 80 % is normal for barley malt 
used for brewing purposes. The extract values for triticale, de-
termined using the congress mashing system, ranged at high 
levels between 84.6 and 86.7 % dm. The extract yield was high 
for all vegetation conditions, however in average, the highest 
extract values were obtained from 15 °C malt (Fig. 2). Higher 
temperatures led to more intensive root and leaf growth, and 
consequently lower extract levels. Within the individual tempera-
ture groups only slight differences could be detected. Highest 
extract values are linked to maximum moisture and minimum 
vegetation time (enhanced proteolysis) and diametrical opposite 
at minimum moisture and maximum time (enhanced cytolysis 
with low malting loss). Other conditions reduced the extract 
because of under-modifi cation or malting loss. In general the 
vegetation time factor has had slightly more infl uence on extract 
yield than grain moisture.

Attenuation limit

In contrast to favourable high extract yield, unsatisfying fi nal 
attenuation as well as viscosity are the predominant problems in 
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triticale. In previous research, attenuation limit values were of 
74.3 % in 1988–91 crops [29] and 75.9 % for the 2002 crop [30]. 
The values normally obtained for barley malts range between 81 
and 86 %. In the Modus variety surprisingly high values of 75.8 
up to 78.0 % were measured. Low attenuation grades give rise 
to fatty tasting beers with bad drinkability and corresponding 
microbiological risk.

The attenuation limit shows vaulted tunnel forms in all three 
temperature grades (Fig. 3). The comb is placed along the 45-
%-moisture-line. Lowest attenuation limits are found in, both, 
under- and over-modifi ed malt. In general, maximum values are 
found at 15 °C, minimum at 18 °C.

Protein solubilisation is correlated to attenuation grades. Sacher 
reported that in wheat varieties, which tend to a strong proteolysis, 
lower attenuation limits were found [31]. Further on no obvious 
correlation to amylolytic enzymes (esp. β-amylase) could be 
detected. 

Gelatinisation Temperature

The range of malting parameters was not wide enough to have an 
impact on the gelatinisation temperature (65.3 °C for the optimal 
malt). Parallel studies with other cereals showed that the gelati-
nisation temperature may probably be infl uenced by the malting 
time rather than the malting temperature. One example would be 
black rice, where the germination time was 12 days [32].

α-Amylase Activity

α-Amylase activity is an important attribute, when malting quality 
of a cereal is considered. The enzymatic activity normally measured 
in barley ranges from 200–250 U/kg. The activity in triticale malt 
reached 162–332 U/kg (38–77 ASBC). The broad value range 
suggests high sensitivity towards varying malting parameters. 

The impact of the varying malting parameters is shown in fi g-
ure 4. The highest average α-amylase activity is reached at 15 °C 
and the lowest at 21 °C. At lower temperatures increasing enzyme 
induction occurs in barley, to make sugar available for the growth 
of the embryo.

Generally the lowest α-amylase activity level is obtained in 
under-modifi ed malt (5 d with 42 %), and highest for over-modi-
fi ed malt (7 d with 48 %). At lower temperatures, the infl uence 
of vegetation time increases whereas the impact of the moisture 
content decreases.

β-Amylase Activity

β-Amylase is an exo-enzyme that acts on the non-reducing end of 
amylase and high-molecular weight dextrines releasing maltose 
unit [33]. This enzyme plays an important role during the brew-
ing process since it is the enzyme which releases the fermentable 
carbohydrates. Triticale is well known for high enzyme levels, 
particularly β-amylase, which makes it suitable for industrial 
ethanol production. The determined activity levels of malted 
triticale are in the range of 917–1231 U/g (372–480 °WK). This 

is well known and compared to barley and wheat a high β-amylase 
activity [34, 35].

The impact of temperature and degree of steeping on the β-amy-
lase activity is depicted in fi gure 5. At all temperatures, the graph 
shows the lowest values along the 45-%-moisture-line. With 
higher or lower moisture contents β-amylase activity increased 
rapidly. The origin is similar to the Kolbach index and soluble N 
one as shown below. In barley similar results have been observed, 
it would appear that the linked β-amylase form is cleaved from 
protein Z [36, 37]. The temperature sensitivity of β-amylase 
seems to be high with a maximum activity at steeping and germina-
tion temperatures of 18 °C and a minimum at 21 °C. The tenden-
cies observed for β-amylase seem to be related to the proteolytic 
activity. A reason could be that the latent (bound) β-amylase can 
be liberated, or converted, into free soluble β-amylase by limited 
proteolysis (38). 

Limit Dextrinase Activity

The limit dextrinase is a debranching enzyme, which splits the 
α-1,6-glycoside linkages of amylopectin. It is another important 
enzyme for starch degradation in mashes [39]. In raw triticale a 
limit dextrinase activity was measured in the range of 76 to 217 U/
kg. The limit dextrinase activity reported in barley is of 400 U/kg 
[40]. Depending on the malting conditions, the limit dextrinase 
content can tripled. Basically higher germination temperatures led 
to lowered average values (Fig. 6). For all malts germinated during 
a 5 day period (15, 18 and 21°C with 42 %) the lowest concentra-
tions were recorded. As expected, the longer the germination time 
the higher the limit dextrinase content. Grain moisture and time 
contribute equally to the increasing values.

The similarity between the limit dextrinase and α-amylase graphs 
suggest that limit dextrinase in triticale behaves different from the 
one in barley. Kessler states that in barley the enzyme is activated 
by proteolysis like β-amylase [41]. This is due to the fact that 
limit dextrinase appears in barley malt in both freely soluble and 
bound forms [39]. The same holds for wheat where the bound 
limit dextrinase is attached to insoluble proteins via disulphide 
linkages [42]. From the obtained data, limit dextrinase shows no 
obvious correlation to soluble N or Kolbach index.

3.2 Proteolytic Properties

FAN

The FAN content in malted triticale has been recorded to be in 
the range of 103 and 206 mg/100mL as shown in fi gure 7. Low 
molecular nitrogen compounds play a central role in the colour and 
fl avour development of malt following the Strecker reaction. The 
FAN content infl uences the yeast growth as well as the fermentation 
process and the formation of fermentation by-products. Thus, the 
amino acid concentration and composition are important factors 
to obtain a desirable fl avour profi le in beer. Particular attention 
should be paid during kilning and wort boiling.

The temperature response seems to be distinct, e.g. lowering 
the vegetation temperature from 18 to 15 °C induces maximum 
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FAN content. The higher the temperature the lower the achieved 
FAN level, because higher temperatures enable faster metabolic 
nutrient consumption for metabolism. The lowest contents were 
found for all temperatures at fi ve days germination time trial. 
The highest values were obtained with long germinated malt. In 
general, an increase in moisture content had higher impact on the 
FAN content than time did. 

Soluble N and Kolbach index

Soluble nitrogen and Kolbach index followed similar trends; the 
data are shown in fi gure 8. Both range at high levels between 
930–1204 mg/100 g dm (soluble N) and 43.4–59.7 % (Kolbach 
index). In triticale the proteolytic activity is higher than the values 
reported for barley [33]. The nitrogen content determines foam, 
taste, haze and microbiological stability of beer. An all over 
difference of higher than 250 mg/100 g dm soluble N depicts a 
good malting infl uence within the chosen malting parameters as 
reported before [43, 44].

Similar to β-amylase the soluble N and Kolbach index graphs show 
lowest values along the 45 %-moisture-line for all temperatures. 
The highest levels were obtained with 18 °C and the lowest with 
15 °C. Extreme moisture and vegetation times generally led to 
unfavourably high amounts. After 6 to 6.5 days the maximum 
values for both attributes were reached. This trend could be ex-
plained by complex proteolysis degradation of albumine, globuline, 
prolamine and gluteline in the endosperm and the growth of the 
germ, as a result of multiple modifi cations of these four fractions 
[45]. In barley the quantities and relative amounts of the solubil-
ity fractions change substantially during malting. Nitrogenous 
substances are lost by leaching during steeping, but there are no 
gains or appreciable losses from the whole grain during the other 
stages [39].

DMS-P

The DMS-precursor (DMS-P) or S-methylmethionine (SMM) is 
an amino acid, which occurs in malt. It is considered to be one of 
the most important characteristics for malt quality. In the Modus 
variety, the obtained values were between 0.4 and 1.7 ppm sug-
gesting that DMS-P is not a problem in triticale malt brewing 
(normal specifi cation < 7 ppm). Compared to wheat the SMM 
amount was 25 to 30 % less. A considerable proportion of SMM, 
which is located in rootlets and leafl et is removed during cleaning 
of the malt. [33]

3.3 Cytolytic Attributes

Viscosity

A remarkable feature of triticale is its high wort and beer viscos-
ity. For 8.6 % wort, levels between 2.134 and 2.472 mPa × s were 
found. At all temperatures, similar graphs were obtained. With 
higher temperatures, the average viscosity levels tend to increase 
(Fig. 9). As described earlier, minimum viscosity was obtained in 
the 5 day malt (42 % moisture) and maximum for longer malting 
periods. However moisture content rather than time is the deter-
mining factor, since higher wort viscosity was obtained from the 5 

day germinated malt at 48 % rather than from the 7 day germinated 
malt with 42 % moisture.

Normally, increasing modifi cation supports the degradation of 
viscous substances into short chained β-glucan dextrines. For 
instance, β-glucans in barley are solubilised by β-glucansolubilase 
from the endosperm and degraded by endo-β-1,3- and 1,4-glu-
canases into insignifi cant molecular weights < 10 kDa. For this 
publication β-glucan was not measured because of the reported 
low content [34]. Also, in barley, increasing moisture content, 
prolonged vegetation time and temperatures between 13 and 15 °C 
support this degradation. This process leads to over-modifi ed 
malts, which result in a very low viscosity. Moreover, vegetation 
time normally has greater infl uence on cytolysis than moisture. 
However, as explained above, triticale was found to differ from 
barley in both cases. Wheat behaves in the same way like triticale 
where over-modifi cation with increasing temperatures from 14 to 
20 °C, high moisture content (much more than 42 %) and 7 days 
germination time do not necessarily lead to viscosities less than 
1.9 mPa × s [46].

Total Arabinoxylan (AX) and Water-Extractable Arabinoxylan 
(WEAX) 

Another possibility for viscouse substances in cereal based worts 
is arabinoxylan. There was only a slight difference between the 
samples in total arabinoxylan. Content values between 4.60 and 
5.52 g/100 g dm were measured. Different water-extractable 
arabinoxylans were found (1.47–2.12 g/100 g dm.). However for 
AX and WEAX no correlation could be established between the 
malting parameters and the resulting wort viscosity. Preceding 
authors referred no correlation between viscosity and pentosan 
contents (absolute or water soluble), pentosanase activity, protein 
content or oxygen pick-up with tenable signifi cance. They ascer-
tained that arabinoxylans from different cereals have different 
gelling potentials, rye and barley extracts gave stronger gels than 
AX from wheat and triticale [47, 48].

4 Conclusion

In this study response surface methodology was used to inves-
tigate the infl uence of three malting parameters on the quality 
of triticale malt. For each variable, three different values were 
assigned. The chosen parameters and their values were steeping 
degree (42, 45 and 48 %), vegetation temperature (15, 18 and 
21 °C) and vegetation time (5, 6 and 7 days). In order to study 
the impact of these variables on triticale malt quality, the best 
applicable model was determined and applied to all samples. 
The measured quality attributes were extract, apparent attenu-
ation limit, gelatinisation temperature, α- and β-amylase activ-
ity, limit dextrinase activity, Kolbach index, α-amino-nitrogen, 
DMS-P, viscosity and arabinoxylan. Based on the results of these 
studies, it was concluded that the optimal malt is achieved after 
the 5th germination day with moisture content of 45 % and a set 
temperature of 15 °C for steeping and germination. The predicted 
values for the quality attributes (Table 3) were 84.9 % extract, 
78.3 % AAL, 254 U/g α-amylase activity, 1055 U/g β-amylase 
activity, 264 U/kg limit dextrinase activity, 45.8 % Kolbach 
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index, 155 mg/100 mL FAN, 1.7 µg/L DMS-P and 2.305 mPa 
× s viscosity. The measured values slightly differ from the cal-
culated ones. The obtained attribute values were 83.2 % extract, 
78.8 % AAL, 276 U/g α-amylase activity, 1024 U/g β-amylase 
activity, 293 U/kg limit dextrinase activity, 46.0 % Kolbach 
index, 155 mg/100 mL FAN, 3.3 µg/L DMS-P and 2.575 mPa × 
s viscosity. Both results correlate well.

Extract yields were found at predominantly high levels. The 
extract includes not only starch but also soluble proteins and 
non-starch-polysaccharides, e.g. pentosans. This soluble but 
unfermentable “extract” could be responsible for the opposite 
behaviour between Kolbach index as well as soluble N and at-
tenuation limit. The values associated with proteolytic activity 
are soluble N and Kolbach index. They clearly show the large 
range of activities depending on the enzymes regarding pro-
teolytic characteristics during malting. In addition to the proteo-
lytic enzymes amylolytic enzyme levels are considerably high, 
particularly β-amylase.

High wort viscosity is a remarkable feature of triticale worts. 
However, no correlation could be established between the total 
AX or water-extractable arabinoxylan content of the wort.

This study was able to show that triticale is a suitable raw ma-
terial for the malting and brewing process. Beers brewed from 
triticale are described as being soft in taste as well as hav-
ing good foam and palatefullness. Additionally, triticale beers 
have a very stable turbidity similar to that recommended for 
Bavarian wheat beers. Lautering or fi ltration problems caused 
by proteins or pentosans could be compensated by using exog-
enous enzymes or using lower grist load ratio.

5 Acknowledgment

The authors would like to thank Cynthia Almaguer, Lehrstuhl 
für Brau- und Getränketechnologie, TU München, for useful 
comments and assistance in proofreading the manuscript.

6 Literature

1. Wilson, A. S.: “On wheat and rye hybrids”, Trans. Proc. Bot. Sci.  
pp. 186-288, 1876.

2. Röbbelen, G.; Bothe, R. and Kazman, M. E.: „Triticale – Eine 
neue allopolyploide Spezies, oder was 100 Jahre züchterischer 
Entwicklung gegenüber Jahrtausenden natürlicher Auslese er-
reichen konnten“ Pfl anzenzüchtung 1996, pp. 1-6.

3. Lindschau, M. and Oehler, E.: „Untersuchungen am konstant in-
termediären additiven Rimpau`schen Weizen-Roggen-Bastard“, 
Züchter no. 7, pp. 228-233, 1935.

4. Geisler, G.: Pfl anzenbau, Ein Lehrbuch, Biologische Grundlagen 
und Technik der Pfl anzenproduktion, Triticale (Weizen-Roggen-
Bastarde), 1988.

5. H., D.: „Triticale – Vor allem für Futterbetriebe geeignet“, Land- und 
Forstwirtschaftl. Zeitg. 142, no. 36, pp. 18-20, 1989.

6. Honermeier, B.: „Triticale-Anbau zukünftig aus Hybridsorten?“ 
Getreide Magazin no. 4, pp. 230-235, 2000.

7. Malter, R.: „Untersuchung der brautechnischen Einsatzmöglichkeiten 
von Triticale.“ Dissertation, Technische Hochschule Köthen, 1992.

8. Rath, F.; Annemuller, G.; Creydt, G. and Schildbach, R.: „Tritica-
le und Triticale-Malze“, Monatsschrift für Brauwissenschaft 52, 
no. 7/8, pp. 123-130, 1999.

9. Souci, S. W.; Fachmann, W. and Kraut, H.: Die Zusammensetzung 
der Lebensmittel Nährwert-Tabellen, 2000.

10. Glatthar, J.: „The applications of unmalted triticale in Brewing“, 
Fakultät für Brau- und Lebensmitteltechnologie, TU München, 
2003.

11. Briggs, D. E.: Malting and Brewing., 1998.

12. Michela, P. and Lorenz, K.: „The vitamins of triticale, wheat, and 
rye“, Cereal Chem. 53, no. 6, pp. 853-861, 1976.

13. Schulze, B.: “Die Verwendung von Triticale (xTriticosecale Witt-
mack) für die Malz- und Bierbereitung“, Lehrstuhl für Technologie 
der Brauerei I, TU München, 2008.

14. Saini, H. S. and Henry, R. J.: „Fractionation and evaluation of triticale 
pentosans: Comparison with wheat and rye“, Cereal Chem. 66 no. 1, 
pp. 11-14, 1989.

15. Eerde, P. v.: Analytica-EBC, 1998.

16. Miedaner, H.: Brautechnische Analysenmethoden, Band II, 4. Aufl age, 
neubearbeitet und ergänzt, 2002.

17. Anger, H.-M.: Methodensammlung der Mitteleuropäischen Brau-
technischen Analysenkommission (MEBAK) – Band Rohstoffe 
Brautechnische Analysenmethoden, 2006.

18. Thorn, J. A.: Methods of Analysis of the American Society of Brewing 
Chemists, 1992.

19. Pfenninger, H.: Methodensammlung der Mitteleuropäischen Brau-
technischen Analysenkommission (MEBAK): Brautechnische Ana-
lysenmethoden, Band I, 1997.

20. Keßler, M.; Zarnkow, M.; Kreisz, S. and Back, W.: „Gelatini-
sation properties of different cereals and pseudocereals“, Monats-
schrift für Brauwissenschaft, 58, no. 9/10, pp. 82–88, 2005.

21. ICC-Standards – Standardmethoden der Internationalen Gesellschaft 
für Getreidewissenschaft und -technologie 2004.

22. McCleary, B. V. and Codd, R.: „Measurement of Beta-Amylase in 
Cereal Flours and Commercial Enzyme Preparations“, Journal of 
Cereal Science 9, no. 1, pp. 17–33, 1989.



May / June 2009 (Vol. 62)          60BrewingScience

23. Santos, M. M. M. and Riis, P.: „Optimized McCleary method for 
measurement of total beta-amylase in barley and its applicability“, 
Journal of the Institute of Brewing 102, no. 4, pp. 271–275, 1996.

24. Pfenninger, H.: Methodensammlung der Mitteleuropäischen Brau-
technischen Analysenkommission (MEBAK): Brautechnische Ana-
lysenmethoden, Band I, 1997.

25. Pfenninger, H.: Methodensammlung der Mitteleuropäischen Brau-
technischen Analysenkommission (MEBAK): Brautechnische Ana-
lysenmethoden, Band I, 1997.

26. Houben, R.; de Ruijter, C. F. and Brunt, K.: „Determination of the 
Pentosan Content of Wheat Products by Hydrolysis, Glucose Oxidase 
Treatment and Analysis by HPAEC/PAD“, Journal of Cereal Science 
26, no. 1, pp. 37–46, 1997.

27. Krahl, M.; Hagel, C.; Zarnkow, M.; Back, W. and Kreisz, S.: „Chan-
ges of the content of water-soluble bioactive compounds during the 
malting process of spelt wheat (Triticum aestivum var. spelta)“, 
BrewingScience – Monatsschrift für Brauwissenschaft 61, no. 9/10, 
pp. 170-174, 2008.

28. Montgomery, D. C.: Design and Analysis of Experiments, 2001.

29. Back, W.: Ausgewählte Kapitel der Brauereitechnologie, 2005.

30. Zarnkow, M.: „Alternative Rohstoffe zur Herstellung obergäriger 
Biere“ 1. Rohstoffseminar – Weihenstephan 2003, 

31. Sacher, B.: „Über den Einfl uß von Sorte, Umwelt, agronomischen 
Maßnahmen und Mälzungstechnologie auf die wertbestimmenden 
Eigenschaften von Winterweizenmalzen“, TU München, 1997.

32. Zarnkow, M.; Arendt E. K.; Back, W.; Burberg, F.; Kessler, M. 
and Kreisz, S.: „The infl uence of the gelatinisation temperature 
of barley malt on the mashing process“ 31st EBC Congress 2007, 
pp. 67-75.

33. Narziss, L.: Die Bierbrauerei. Die Technologie der Malzbereitung, 
1999.

34. Anderson, M. A.; Cook, J. A. and Stone, B. A.: „Enzymatic Determi-
nation of 1,3-1,4-Beta-Glucans in Barley-Grain and Other Cereals“, 
Journal of the Institute of Brewing 84, no. 4, pp. 233-239, 1978.

35. Zarnkow, M.: Ausgewählte Kapitel der Brauereitechnologie: Bierberei-
tung mit vermälzten und unvermälzten Zerealien und Pseudozerealien, 
2008.

36. Hejgaard, J.: „Origin of a dominat beer protein immunochemical 
identity with a ß-amylase-associated protein from braley”, Journal 
of the Institute of Brewing 83, no. 3/4, pp. 94-96, 1977.

37. Hejgaard, J.: “Free and “bound” ß-amylases during malting of bar-
ley. Characterization by two-dimensional immunoelectrophoresis”, 
Journal of the Institute of Brewing 84, no. 1/2, 43-46, 1978.

38. Grime, K. H. and Briggs, D. E.: “The release of bound β-amylase by 
macromolecules”, Journal of the Institute of Brewing 102, no. 7/8, 
pp. 261-270, 1996.

39. Briggs, D. E.: Malts and Malting, 1998.

40. Zarnkow, M.; Kessler, M.; Burberg, F.; Back, W.; Arendt, E. K. and 
Kreisz, S.: “The Use of Response Surface Methodology to Optimise 
Malting Conditions of Proso Millet (Panicum miliaceum L.) as a Raw 
Material for Gluten-free Foods”, Journal of the Institute of Brewing 
113, no. 3, pp. 280-292, 2007.

41. Keßler, M.: „Analytische Erfassung und Interpretation der Stärkede-
gradation im Gersten- und Malzkorn und die Aussagekraft für den 
Brauprozess“, TU München, 2006.

42. Repellin, A.; Baga, M. and Chibbar, R. N.: „In vitro pullulanase 
activity of wheat (Triticum aestivum L.) limit-dextrinase type starch 
debranching enzyme is modulated by redox conditions“, Journal of 
Cereal Science 47, no. 2, pp. 302-309, 2008.

43. Glatthar, J.; Heinisch, J. and Senn, T.: „The use of unmalted triticale 
in brewing and its effect on wort and beer quality“, Journal of the 
American Society of Brewing Chemists 61, no. 4, pp. 182-190, 
2003.

44. Glatthar, J.; Heinisch, J. J. and Senn, T.: „Unmalted triticale cultivars 
as brewing adjuncts: effects of enzyme activities and composition on 
beer wort quality“, Journal of the Science of Food and Agriculture 
85, no. 4, pp. 647–654, 2005.

45. Narziss, L.: Die Bierbrauerei. Die Technologie der Malzbereitung, 
1999.

46. Winter, P.: “Beitrag zum Pentosanabbau beim Vermälzen von Cereali-
en“, Lehrstuhl für Technologie der Brauerei I, TU München, 1992.

47. Dervilly-Pinel, G.; Rimsten, L.; Saulnier, L.; Andersson, R. and Aman, 
P.: „Water-extractable Arabinoxylan from Pearled Flours of Wheat, 
Barley, Rye and Triticale. Evidence for the Presence of Ferulic Acid 
Dimers and their Involvement in Gel Formation“, Journal of Cereal 
Science 34, pp. 207-214, 2001.

48. Burberg, F.; Hartmann, K.; Gastl, M.; Zarnkow, M.; Krahl, M. and 
Back, W.: “Qualitätsweizen - Ergebnisse der Kleinmälzung der 
Sortenbetrachtung 2007“, BRAUWELT 148, no. 36, pp. 1030-1034, 
2008.

Received 09 April, 2009, accepted 09 June, 2009



61         May / June 2009 (Vol. 62) BrewingScience

Appendix

Table 1 Measured and calculated minimum and maximum values of the analysed features in comparison to the values of the  
  triticale raw material

    triticale malt
  triticale  measured predicted
attributes unit raw material min max min max

extract %, dm n.a. 84.2 (5/48/21) 86.2 (7/42/21) 84.4 (5/42/21) 86.0 (7/42/21)
AAL % n.a. 75.8 (5/48/15) 78.0 (7/45/18) 75.9 (7/48/18) 78.3 (5/45/15)
α-amylase activity U/g 276 163 (5/42/21) 319 (7/48/15) 167 (5/42/21) 328 (7/48/16)
β-amylase activity U/g 505 917 (5/48/21) 1231 (7/48/15) 967 (5/46/21) 1245 (6/48/17)
limit dextrinase activity U/kg 293 76 (5/42/21) 215 (7/48/15) 119 (5/42/21) 216 (7/48/15)
FAN mg/100 mL  n.a. 103 (5/42/21) 204 (7/48/15) 104 (5/42/21) 206 (7/48/15)
Kolbach Index % n.a. 43.3 (5/45/18) 58.9 (7/48/21) 45.6 (5/45/15) 58.8 (6/48/18)
DMS-P µg/L n.a. 0.4 (7/42/21) 1.6 (7/48/15) 0.4 (7/42/21) 1.6 (7/48/15)
viscosity (8.6%) mPa × s n.a. 2.134 (7/48/21) 2.472 (7/48/15) 2.214 (5/42/15) 2.421 (7/48/21)

The values in parenthesis mean the malting conditions: germination time/degree of steeping/germination temperature; n.a. = not applicable; 
the calculated values are rounded, since time patterns with decimals, especially the germination time, would not be practicable; in addition, 
the calculated values are determined by topping or minimising this value without considering the infl uence of other features.

Table 2 Predicted and measured values with the optimal malting regime

attributes unit predicted achieved
 
extract %, dm 84.8 83.2
AAL % 78.3 78.8
α-amylase activity U/g 254 276
β-amylase activity U/g 1055 1024
limit dextrinase activity U/kg 264 293
FAN mg/100 mL 155 155
Kolbach Index % 45.8 46.0
DMS-P µg/L 1.7 3.3
viscosity (8.6%) mPa × s 2.305 2.575
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Fig. 1 Face-centred design (double replicates of the factorial and centre points = �)

Fig. 2 The infl uence of moisture content and vegetation time on extract with 15 °C vegetation temperature
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Fig. 3 The infl uence of moisture content and vegetation time on the AAL with 15 °C vegetation temperature

Fig. 4 The infl uence of moisture content and vegetation time α-amylase activity with 15 °C vegetation temperature
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Fig. 5 The infl uence of moisture content and vegetation time β-amylase activity with 18 °C vegetation temperature

Fig. 6 The infl uence of moisture content and vegetation time on limit dextrinase activity with 15 °C vegetation 
temperature
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Fig. 7 The infl uence of moisture content and vegetation time on free amino nitrogen with 15 °C vegetation 
temperature

Fig. 8 The influence of moisture content and vegetation time on soluble nitrogen with 15 °C vegetation 
temperature
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Fig. 9 The infl uence of moisture content and vegetation time on viscosity with 21 °C vegetation temperature
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