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Abstract : Malting quality of hexaploid triticale (X Trticosecale Wittmack) was analysed in comparison with that
of barley as a standard, and wheat and rye as parental species, by using the micro-malting method. Triticale malt
had higher diastatic power than rye and wheat, and was particularly higher than barley. Malt extract and extract
yield of triticale were almost as high as the levels for rye, while those of barley were rather low. An average value
of total malting loss obtained from 11 cultivars of triticale was lower than that of hexaploid wheat and malting
loss from shoot and root was lower than that of barley and hexaploid wheat. Total and soluble nitrogen were high
in triticale. Steeping period of triticale was shorter than that of barley by about four-fold. The high diastatic
power, high malt extract, and short steeping period in triticale malt seemed to be advantageous industrial brewing
characteristics, while high total nitrogen and low germination capacity appeared to be disadvantageous.
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Generally, barley is the main cereal for malt
production. According to the high price of
malt produced from barley, analysis of the
malting quality of other cereals is desirable,
especially for importing countries with unsuit-
able conditions for barley production.

Triticale (X Triticosecale Wittmack) is a
man-made cereal crop derived from the am-
phidiploid between wheat ( Triticum) and rye
(Secale) . Hence, triticale combines charac-
teristics of wheat and rye. Yield of triticale has
recently been improved to comparably high
level. Under less favorable conditions, triticale
sometimes shows higher yield than barley and
wheat. Due to the favorable nutrition charac-
teristics of triticale seed!?, such as high protein
and lysin content, the main use of this crop is
for animal feed. Pomeranz'¥ suggested that
triticale can be used for human consumption
in breakfast cereals, by the distilling industry,
and, also, as malting grain. Holmes et al®.
have previously reported that triticale showed
tolerance for malt processing conditions and

exhibited extremely rapid water uptake, high
malt extract, and extract yield, after studies
with a single variety!®, and then in advanced
lines!%13),

In this study, malting quality of hexaploid
triticale cultivars was analysed in comparison
with that of barley as a standard, and wheat
and rye as parental species.

Materials and Methods

Plant cultivation

Eleven cultivars of hexaploid triticale (X
Triticosecale Wittmack ; AABBRR-genome :
Lasko, Beagle, Yogui, Currency, Rosner,
Bronco, Armadillo, Cinnamon, Koala, Welsh,
and Camel/Pato), three cultivars of two-
rowed barley (Hordeum distichum L.; HH-
genome : Ebisu, Satsuki Nijo, and New
Golden), three cultivars of hexaploid wheat
( Triticum  aestioum L. ; AABBDD-genome :
Sonalika, Saitama 26, and Norin 61), two
cultivars of rye (Secale cereale L. ; RR-genome :
Petkus and King II) and a cultivar of tetra-
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Table 1. Winter/Spring growth habits, constitution of R-genome chromosomes, and cyto-

plasm of eleven hexaploid triticale cultivars used in this experiment

Cultivars Winter/Spring Constitution of Cytoplasm
growth habits R-genome chromosomes
Lasko Winter Complete T . aestivum
Beagle Spring Complete T . turgidum
Yogui Spring Complete T . aestivum
Currency Spring Complete T . aestivum
Rosner Spring 2D/2R substitution® T. turgidum
Bronco Spring 2D/2R substitution T . turgidum
Armadillo Spring 2D/2R substitution T . turgidum
Cinnamon Spring 2D/2R substitution T . aestivum
Koala Spring 2D/2R substitution T . aestivum
Welsh Spring 2D/2R, 4D/4R substitution? T . aestivum
Camel/Pato Spring 2D/2R, 4D/4R, 5D/5R substitution¥ T . aestivum

1) 2R chromosome is substituted by 2D chromosome.
2) 2R and 4R chromosomes are substituted by 2D and 4D chromosomes, respectively.
3) 2R, 4R and 5R chromosomes are substituted by 2D, 4D and 5D chromosomes, respectively.

ploid wheat (Triticum turgidum L.: AABB-
genome : Kyone Ni) were used in this experi-
ment. Seeds were planted in mid-December
1988 at Experimental Farm of Kyoto Univer-
sity, Takatsuki, Osaka. The winter/spring
growth habit, constitution of R genome chro-
mosomes and cytoplasm of triticale cultivars
tested in this experiment are shown in Table 1.
Seeds were planted in two rows on 1.5 m-wide
ridges, with 10 cm spacing between plants.
Spacing between two rows on each ridge and
between ridges was 1 m and 3 m, respectively.
Fertilizers of N and K,O were applied as a top
dressing at a rate of 3 kg/10 a in mid-March
1989. Matured seeds were harvested in June
1989 and dried for about 1 month in a room
under air circulation, before threshing by
hand. Because triticale, rye and tetraploid
wheat had rather high ratios of small-size
seeds, seeds bigger than 2.2 mm in width in
every crop were used for producing malts.

Micro-malting method

Four replications of fifteen grams of seeds
were steeped by immersing seeds in 100 ml
beakers filled with distilled water and placed
in an incubator at 15°C. Steeping was complet-
ed when the moisture content in the seeds
reached 439],. Water was changed daily dur-
ing steeping. After steeping was completed,
the film of water on the seedcoat was removed
with a cotton cloth. Seeds were allowed to

germinate in an incubator at 15°C for about 7
days in 100 ml beakers covered with vinyl
wrappers to maintain the moisture content of
seeds. After completion of germination, green
malts were put into a mesh cup of 8 cm in
diameter and oven-dried at 40°C, 60°C, and
85°C for 12h, 3h and 5h, respectively. The
shoots and roots of malts were removed by
rubbing malts with cotton cloth and mesh.
Malts were then ground. Malt powder smaller
than 150 i m was used for the analysis of malt
quality.
Measurement of malting quality
Four replications of analysis were done in

each malting quality characteristic. Malt
extract was measured by using the modified
version of the specific gravity gradient tube
method modified from Atkin et al.? and
Nakagawa'?. Extract yield was calculated
from the equation :

extract yield (9)

malt extract X malt yield
100

Malt yield was calculated from the equation :

malt yield (9}) =100—total malting loss
Total malting loss was calculated from the
equation :

total malting loss (%)

(leﬁDwz)
= DW, X 100

where DW, was dry weight of seed (g), and
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DW, was the dry weight of malt (g) after the
shoot and root were removed. Malting loss
from the shoot and root was calculated from
the equation :
malting loss from shoot and root (9,)
(DW,—DW,)
= DW, X 100
where DW, and DW, were the same as above
equation, and DW; was the dry weight of malt
before shoot and root were taken off.
Diastatic power was determined with the
titration method by using sodium thiosulfate
titrate with the iodine-starch compound!V.
Colorimetrical method using indophenol blue
was used for measuring total nitrogen
content'”. Soluble nitrogen content was mea-
sured by mixing malt extract with 0.99, NaCl
solution”. The Kolbach index was calculated
from the equation :
Kolbach index (97)
N, x100
=N,
where N, was soluble nitrogen (9%,) and N,
was total nitrogen (9,). To measure the steep-
ing period moisture content of every sample
was measured after steeping for 12, 18, 24, 36,
48, 60, 72, 84, and 96h. Due to the variation in
water absorption rate of each sample, steeping
was ceased when the moisture content
attained 439%,. Steeping period was calculated
from the equation :
steeping time (h)
:T1+ (TzATl) (43—M1)
(M,—M,)
where T, and T, were the consecutive times
that moisture content of seed was lower and
higher than 439, respectively ; and M, and
M, were the moisture contents of seed mea-
sured at T, and T,, respectively. Due to the
variation of the steeping period and only one
kilning per day, the germination periods of
each sample were not equal. However, the

differences in germination period among the
samples was less than 24 hours.

A germination test was conducted by allow-
ing 100 seeds to germinate on two pieces of
filter paper in 11 cm-diameter petri dish
containing 6 ml of water, and placed in an
incubator at 20°C. Germination capacity was
calculated by counting the total number of
germinated seeds in a dish, 5 days after the
start of the test.

Results

Malting quality characteristics in each
cultivar and crop are shown in Table 2. There
was on significant difference in average values
of malt extract between triticale, rye, and
tetraploid wheat malts. Hexaploid wheat and
barley malts had low malt extract. In extract
yield, rye and triticale malts were significantly
higher than the others. Malt in triticale, bar-
ley, and rye had low total malting loss. In
malting loss from shoot and root, hexaploid
wheat and barley were significantly higher
than triticale, rye and tetraploid wheat.

Triticale malt showed the highest diastatic
power followed in descending order by tetra-
ploid wheat, rye, hexaploid wheat, and barley
malts. There was no significant difference in
diastatic power among tetraploid wheat, rye,
and hexaploid wheat. High ratios of diastatic
power to percentage of total nitrogen were
obtained in triticale, tetraploid wheat, and rye.
No significant difference was observed among
these three crops. Germination capacity of rye,
hexaploid wheat, and barley seeds were signifi-
cantly higher than that of triticale and tetra-
ploid wheat seeds. Tetraploid wheat showed
the lowest germination capacity.

Malt in triticale and hexaploid wheat had
high total nitrogen contents. No significant
difference, however, was observed between
them. Total nitrogen contents in the malt of
rye and barley were low, while moderate in
that of tetraploid wheat. Soluble nitrogen
content of malt extract in triticale was as high
as that in tetraploid wheat. The Kolbach
index in tetraploid wheat, rye, and triticale
was significantly higher than that in barley
and hexaploid wheat. Steeping period of seeds
in barley and hexaploid wheat was longer
than that in rye, tetraploid wheat, and triticale
by a little more than two-fold.

Discussion

As a fermentable material, malt extract,
resulting from hydrolyzing seed compounds, is
one of the most important characteristics of
malt. High malt extract is one of the favorable
characteristics in the brewing industry. In this
experiment, the average value of malt extract
in triticale was higher than that in barley even
though one triticale cultivar, Bronco, was
exceptionally as low as barley. Tombros and
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Table 2. Malting quality characteristics of triticale, barley, hexaploid wheat, rye
Crops Malt Extract Total Malting loss from Diastatic
cultivars extract yield malting loss shoot and root power
(%) (%) (%) (%) (°WK)
Triticale 90.04 a? 78.28 a 13.00 b 2.42 b 673.7 a
Lasko 96.95 a¥ 81.97 a 15.44 abc 3.27 ab 890.8 a
Beagle 93.26 b 78.78 bc 15.53 abc 2.16 efg 791.9 b
Yogui 93.22 b 81.34 ab 12.73 cdefg 1.67 fg 710.9 ¢
Currency 90.95 be 77.29 cdef 15.05 abcd 2.03 fg 637.4 d
Rosner 88.19 cde 77.78 cde 11.81 efg 1.95 fg 679.3 c
Bronco 82.29 gh 74 .20 ghij 9.82¢ 1.09 g 699.0 ¢
Armadillo 88.69 cd 79.16 bc 10.69 fg 1.82 fg 590.2 d
Cinnamon 89.74 ¢ 79.63 abc 11.28 efg 2.18 efg 686.8 ¢
Koala 89.18 ¢ 78.30 cd 12.20 defg 2.74 defg 582.5d
Welsh 90.11 ¢ 76.88 cdefg 14.67 abed 2.51 defg 605.0 d
Camel/Pato 87.93 cde 75.75 defg 13.85 abcde 3.19 cdef 537.6 de
Tetraploid wheat 89.47 a 74.85 b 16.33 a 2.65b 503.4 b
Kyone Ni* 89.47 ¢ 74 .85 fghi 16.33 a 2.65 defg 503.4 ef
Rye 90.32 a 80.25 a 11.13 b 2.63b 445 8 b
Petkus 89.54 c 79.15 be 11.57 efg 2.52 defg 460.3 fg
King II 91.10 bc 81.36 ab 10.69 fg 2.75 defg 431.3 g
Hexaploid wheat 85.66 b 72.04 b 15.91 a 4.87 a 418.0 b
Sonalika 85.89 def 71.74 ] 16.48 a 4.45 abc 505.4 ef
Saitama 26 85.81 def 72.13 ij 15.94 ab 4.72 abc 412.2 g
Norin 61 85.30 ef 72.25 ij 15.29 abc 5.45 a 336.5 h
Barley 83.08 b 73.43 b 11.57 b 4.32 a 310.5 c
Ebisu 83.92 fgh 72.92 hij 13.10 bedef 5.24 ab 323.0h
Satsuki Nijo 84.17 fg 75.51 efgh 10.19 fg 3.74 bcde 339.1h
New Golden 81.17 h 71.87 j 11.42 efg 4.00 abcd 269.9 h

1) Diastatic power/% total nitrogen

2) Different letter within a column for comparing average values of each crop shows significant
difference at 5% level,
3) Different letter within a column for comparing average values of each cultivar shows significant
difference at 5% level.

4) Local cultivar in Myanma

Briggs'® suggested that the lesser amount of
aleurone layer in triticale'? than in barley?,
accompanied by a larger proportion of starchy
endosperm, may be one of the causes of higher
malt extract in triticale. Malt extract in most
triticale cultivars was also higher than that in
hexaploid wheat. Tetraploid wheat showed
low extract yield, while its malt extract was
high. This is attributed to the high total
malting loss in tetraploid wheat.

Malts with high extract yield in general
have high malting loss. In this experiment, rye
and triticale were higher in extract yield than

tetraploid wheat, hexaploid wheat, and barley.
However, their total malting loss and malting
loss from shoot and root were comparatively
low. It is suggested that some genetic factors of
rye affect the productivity of high extract in
cooperation with low respiration and embryo
development.

Malt extract is composed of the hydrolyzed
substances derived from enzyme activities.
Owing to high percentage of starch in en-
dosperm of cereals, malt extract seems closely
related to diastatic power. High diastatic
power is favorable not only for digestion of its
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and tetraploid wheat shown as an average value for each crop and each cultivar

DP/TNV Germiantion Total Soluble Kolbach Steeping

capacity nitrogen introgen index period
(%) (%) (%) (%) (h)

264.9 a 86.3 b 2.60 a 0.97 a 37.68 b 18.5 ¢
362.1 a 96.0 abc 2.46 c 0.80 ¢ 32.43 ef 23.9 e
332.1 ab 84 .0 ef 2.41 cd 1.04 ab 43 .31 bc 12.6 j
312.3 bc 87.3 def 2.30 cd 0.98 b 43 .17 be 27.5 de
264.3 de 77.3 2.41 cd 1.08 ab 44 .77 abc 15.5 hij
231.8 defg 85.3 def 2.94b 1.05 ab 35.84 de 14.9 ij
206.8 ghi 89.5 cdef 3.38 a 1.05 ab 31.01 ef 18.6 ghi
267.9 de 85.8 def 2.21d 0.72 ¢ 32.19 ef 17.5 ghij
215.8 fgh 89.5 cdef 3.19 a 1.17 a 36.87 cde 21.9 g
256.4 def 75.0 f 2.27 cd 0.75 ¢ 32.98 ef 20.2 fgh
275.6 cd 90.5 cde 2.20 de 1.01 ab 46.04 ab 16.9 hij
188.6 ghij 89.5 cdef 2.86 b 1.03 ab 35.82 de 13.8 jj
254 .4 a 68.8 c 1.99 b 1.01a 50.71 a 28.7b
254 .4 def 68.8 f 1.99 ¢ 1.01 ab 50.71 a 28.7d
271.5 a 98.5 a 1.65 ¢ 0.71 b 43,20 ab 30.5b
273 .8 cde 99.5 a 1.68 fg 0.74 ¢ 43 .68 abc 29.8d
269.1 de 97.5 ab 1.61 fg 0.69 ¢ 42.72 bed 31.1d
170.3 b 96.7 a 2.45 a 0.51 ¢ 20.67 d 73.4 a
203 .4 ghij 91.8 bed 2.49 ¢ 0.74 c 29 .68 ef 744 b
165.6 ijk 99.3 a 2.49 ¢ 0.48 de 1911 ¢g 709 b
141.9 k 99.0 a 2.39 cd 0.32 ¢ 13.22 g 74.9b
191.7 b 97 . 3 a 1.64 ¢ 0.46 ¢ 28.16 ¢ 76.0 a
186.1 hij 94 .8 abc 1.74 f 0.48 de 27.75 1 71.8 b
229.1 efgh 97.3 ab 1.50 g 0.41 de 27.27 f 90.4 a
160.0 jk 99 8 a 1.69 fg 0.49d 29 .47 ef 65.7 ¢

own starch, but also for that of adjuncts.
Diastatic power in triticale was the highest,
and was much higher than that in barley.
Pomeranz et al.'¥ found that diastatic power
in triticale lines was as high as that in wheat,
and higher than that in rye and barley. Even
though triticale malt showed 1.5 fold higher
diastatic power than rye, and 1.36 fold higher
than tetraploid wheat in this experiment, the
malts of these three crops were estimated to be
the same level in malt extract. If starch gran-
ules are embedded in protein matrix®, a spec-
ulative explanation related to germination
capacity may be possible. Stenvert and
Kingswood'® suggested that a continuous
protein matrix, which correlates with high
protein content, physically entrapping the
starch granules would result in difficulty in
separating the starch granules from the pro-
tein in wheat. Low germination capacity in

tetraploid wheat and triticale may indicate no
hydrolyzing of nitrogen contained in large
number of ungerminated seeds. Then, the
hydrolysis of starch granules in the malt of
triticale and tetraploid wheat is considered to
be more difficult than that of rye.

Because of high glucan content in barley
seeds, ungerminated and incompletely
modified seeds cause low malt extract, slow
filtration rate and high molecular nitrogen in
extract, which result in low quality of beer®.
Anderson et al.? reported that glucan content
in triticale seeds is lower than that in barley. In
this experiment, even when germination
capacity was rather low, triticale had high
malt extract and diastatic power. This suggests
that ungerminated or incomplete modification
of seeds may induce less problems in triticale
than in barley.

The disadvantageous characteristics of
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triticale malt are high total and soluble nitro-
gen contents. Too high soluble nitrogen con-
tent causes poor quality of beer, including
instability and haziness?. Considering that
hexaploid wheat also had high total nitrogen
content, whereas that of tetraploid wheat was
rather low, RR genomes in hexaploid triticale
and DD genomes in hexaploid wheat presum-
ably contribute to an increment of the total
nitrogen content. Hopkins and Krause® sug-
gested that a high total nitrogen content is
usually accompanied by intense enzyme pro-
duction. Such a relationship, however, could
not be observed extensively throughout the
malts of different crops used in the present
experiment, even though both triticale and
hexaploid wheat had high total nitrogen con-
tents.

As a conclusion, it can be said that the
advatageous characteristics of triticale in malt-
ing quality to barley are much higher diastatic
power, higher malt extract and extract yield,
and shorter steeping period. On the contrary,
problems of triticale malt are high total and
soluble nitrogen content, and rather low ger-
mination capacity. Breeding of triticale lines
with low total nitrogen content and improved
cultivation with less application of nitrogen
fertilizer may solve this problem. On the other
hand, due to the high diastatic power in
triticale, adjuncts are possibly used in high
percentages, which would result not only in
reducing the cost of malt, but also lessen the
soluble nitrogen content in malt extract when
adjunct with low nitrogen content is used.
Owing to no husk covering triticale seed,
another problem of triticale is the low filtration
rate. Using glumes from other cereals, espe-
cially rice, may solve this problem. In this
experiment, the genetic component of rye was
supposed to correlate with the favorable malt-
ing quality in triticale, high diastatic power,
while the component also had the tendency to
correlate with the unfavoravle malting quality,
high nitrogen content. As a small amount of
seed samples was employed, results obtained
in this experiment may give only suggestive
information of malting quality in triticale.
However, this information may be useful to
further study of malting quality in this crop at
the level of industry.
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