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Advances  in  barley  quality 
Experiences  and  perspectives 

L. MUNCK 
CARLSBERG  RESEARCH  LABORATORY 
GAMLE  CARLSBERG  VEJ 10 

DENMARK 
DK-2500  VALBY, COPENHAGEN 

- of the of 
on the quantification of 

of 
such as malt  modification  and  ß-glucan  analysis  as  well as are 

the  field of 
of the quality  demands both 

to combine  these two 

- concernant la qualité  de l'orge : résultats et perspectives". Après avoir fait le point sur  l'économie  interne 
de l'orge en  ce qui concerne la production  d'amidon, de protèines et de  matière  grasse par rapport  au  rendement, les recherches 
les plus récentes  concernant la qualité pour la brasserie et l'alimentation  du  bétail  son  discutées. On présente  une  nouvelle  méthode 
pour l'évahration  de la vitalité de  germination  des  semences,  d'importance  aussi  bien en brasserie qu'en alimentation  du bétail. 
Des nouvelles  méthodes d'étude de la qualité du  malt, telles que les analyses  de la modification  du mat1 et deß-glucanes, ainsi 
que la flottaison des  graines pour estimer  leur  densité  sont  présentées  dans le cadre  de  l'amélioration  végétale. ce  qui  concerne 
la qualité pour bétail, on discute les résultants  prometteurs  de  l'amélioration  des  orges à bon  rendement et 
haute  teneur en lysine. Finalement,  l'éternelle  question de  la qualité  de l'orge de  brasserie para rapport à l'orge comme  aliment 
pour bétail est reprise, en concluant qu'une variété d'orge pourrait  satisfaire à la fois aux exigences  des  brasseries et des  industries 
d'alimentation  du bétail. 

Introduction 

this will discuss, in the light of the 
advances  in the quality concept of the 
question about quality of malt feed 
might  be  looked  upon as a a happy 

A on this point is  obviously 
of fundamental both the plant 

The  potentials  and  the limits of 
productivity of the barley  plant  as 
related  to  composition 

to maize and which both display 
the C, photosynthetic pathway, C,  plants like wheat  and 

less yield potential ideal conditions 
1981). still wins in 

many due to its adaptability 

cold, saline conditions, 
is not competitive with wheat 

conditions due to its 

plant the composition of the plant 
a 

of yield in Thus, 
the of the plant 1.20 glucose units 
the synthesis of 2.50 and 3.03 fat, 
a be much 
changed  by plant 1981). A 

which yields as much as a low- 
is in yield to the as 

in glucose units, which should be the 
of of plant 

it is obvious that a high 
content in seeds 
could be due to a in the synthesis of 

such as giving still a low 
is, not possible 

simultaneously selecting seed  quality  and high total 
yield. 
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Barley quality for  malt  and  for  the  seed 
industry 

The  use of 

of which  have  been 
and by  new advances in science 

and technology. 

is of fundamental malt 
as well as sowing is not 
and sound displaying a high level of 
vitality in 

Quantification of vitality and dormancy of 
barley seed lots 

Seed vitality is an 
both and Vitality, as by 

of as a function of time, 
yieldha the complex 

of the tissues and 
subsystems of the plant. This on the 
hand  is dependent on the unique gene composition of the 

and who like to 
utilize aiming at the of malt 
as well as feed in and dependent on 

concepts and devices based  on 
as well as genes in to optimize 

yield  and vitality in to the costs of 
the inputs. One is the net 
effect and is not in a complete 

of all the mechanisms behind especially if 
the is and take long time to 
obtain. 

will as an example of such an 
discuss how  we at the 
have tackled the vitality At 
institute we have devised et al., 1989; 

1989) method 
exactly to quantify vitality, based  on heat 

of subsamples followed by With 
this technique, it is possible with to 

and vitality in of as a 
function of seed and time. 

has also been possible to obtain the best 
in heat of avoiding the 

effect of heat on vitality. 
seems to  be a between in 
vitality which could be has 
also  been shown by malting seeds that  vitality  has 

the modification of the malt 
and the malting time as well as field and 
yield. 

Teory and models 

The ability of most seed populations 
follows the outlined in Fig. 1. newly 

a of seeds 
then, seeds able to 

the seeds to die. The aging takes 
days only depending on the 

conditions. Like most events, loss 
of can be assumed to be in 
a seed population. Thus, both of 
loss of at 

using a scale, the can 
be by lines (Fig. 2). The points 
the lines hit the y-axis then a quantitative 

the initial the initial seed 

Fig. 3 and 4 the two models The 
point dotted line hits the y-axis in Fig. 3 is 
defined as the initial potential of a seed 
lot, the value being the probit (% seeds in the 

1 O0 
h 

v 

5 

2 

3 

W + 

8 

O 

Fig. 1. a function of 

LOSS 

Fig. 2. of 

- 10 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



99.9 

98 

m 
M 

50 g 
m 
X 
h 

v 

15 
l 

( 

Fig. 3. of 
of 

. 99.9  

( t ) 

Fig. 4. of of 

of the population with 
The point the dotted line in Fig. 4  hits the y-axis 
is defined as  the initial potential (W,), the value 
being the probit (% viable seeds in the of the 
population with 

potential units, (1 unit = 1 unit on the 
scale) as seen in Table 1. 

The influence on the of loss of av.  has 
been intensively studied by Ellis and (1981), 
who 

that the in could be completely 
as a function of  seed and 

found the following 
equation: 

= = 10(-9.98 + + + O.O0043*TZ) 

Table 1. 
and  vitality  potential and  germi- 

nation  percentage. 

(%) 

3 

O 
85.0 1 
98.0 2 
99.9 

15.0 -1 
50.0 

m = (%) and T = 
(OC). 

As an example, one unit 
at 14% and  68 O C  45 min. 

The 
Fig. 5 and  6. 

1000 
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h 
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rd 0 . 1  
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Fig. 5. of a function of 

1 O0 

10 
h 

4 1  

$! 0 . 1  
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\ 
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0.001 

o .  0001 

/ 
Ø 

Ø 
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. .  
O 10 20 50 7 0  

Fig. 6. of 
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of loss of can be 
seen to  be highly dependent on 
while is by the most sensitive element to seed 

of time  and  with a 
minimum loss of To safely it 
is absolutely to do it at low seed 
content (11-13%) as can be seen Fig. 7 the 

is at 40 OC in lots of 
contents having a = 3 and a = 2. 

The actual of the and 
of 

subsamples of the in question. the seed 
content is the 

sample is divided into 8-12 subsamples which heat 
times in closed the 

of is 
chosen to subsamples times 

indicated in Fig. 3. The same taken  with 
to vitality testing to 

subsamples to 
subsamples exhibit and maximal 

of 

7 days  at  20 OC, 
as the 14 

days at 17 OC. The finally put into 
the and models  and the and 

computed. 

the conditions (seed and 
and the the and 

O 5 l 0  15 20 
AT 40” C 

Fig. 7. The “life story” of 40 Oc 

status at any time can be calculated using the models and 
equations,  and  the  speed of 

by 
to fit any  need. 

has a 
between and potential. Fig. 8 
the between  mean time and 
is shown two Ca 108725 and the 

showing a much time at 
the same which might be to 
enzyme potential of 

As could be expected the mean 
time has a on 
malting quality.  Low seeds < 1.5) need twice 
the time of high seeds > 3) to an 
acceptable malt as indicated by the malt modification 
analysis. 

Field at (J. 
have shown that  low seeds not able 

to the soil if  they sown  too deep (5-10 cm), 
and if into plants these 2-3  weeks 
behind  the “high plants” in development. 

investigation. 

We have found that 3 days at 20 OC 
gives a much to vitality than the 

analysis of 5 days at 20 O C .  Changing to the 
analysis  would the a 

yield  when buying seed sowing, and it 
would give the a malting 

especially when has been difficult. 
The method at 3 days could thus be 
used as a method vitality supplementing the 

ageing above. 

f 
O 

2 5 10 
( 17” , 

Fig. 8. 
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Further quality criteria of importance for 
malting and brewing 

We can  thus conclude that  by a vital 
seed malting > than  half  of the quality 

solved. the following we shall dwell 
at the quality 

a chemical point of view, of 
a 

containing all the the yeast 
including amino acids, vitamins  etc. 
The phase in is the of 

activating enzymes such as ß- 
glucanase, which the cell walls, and 
a-amylase, which  mainly its action in the 

Table 2 it is seen 
that the composition of is 
little malting with to total 
lipids and although the of 

amino acids  as in 
about but a initial level.  As 
aß-glucan, which constitutes 213 of the substance of the 

a 
of 86% malting. to  explain this, 

we shall discuss the 
malting. 

9 it is 
method et al., et al., 

1981; Jensen and 1985)  how  the cell 
walls malting, in the 

end of the seed. We can  also  with 
immunotechniques  (Gibbons,  1979)  see  how a-amylase 
diffuses into the cell walls have 
down, constituting the modified of the 

a thin cell wall mutant, 737, 
the thick cell wall feed The 

mutant modified  much than in spite of 
levels of aß-glucanase and  ß-amylase. The cell 

1985) and  the 
content of 
modification of 
dissemination of the enzymes. to be able to 
attack the by a dense 

the a-amylase has to in with 

and peptidases which can make the 
assessable. which has 

been actualized is the findings in seeds of a of 
e.g. a-amylase 

such as AS1 et al., 1983; et 
al., et al., 1984). 

the tests the  modification  of 
the malt by squeezing the between his nails. 
Today, we  can evaluate the modification exactly  by 
the (Fig. 10) involving 

staining and 1981) by the 

Table 2. Changes  in  chemical  composition (% 
of European  two-rowed  barley  and  malt1. 

(% of 

- 6  60.0 64.0 

Lipids 2.5 

+ 178 7.5 2.7 
+ 200 1.5 0.5 Amino  acids  and  peptides 
+ O  9.5  9.5 
* O  2.5 

ß-glucans2 - 86 0.5 3.5 

(1962) 

(Chapon, 1978)  which  by milling 
the soft, of the malt the unmodified 

methods  by the We can 
now also in malt, 

quantitatively by et al., 
1987; 1988). Also  this  method 

et al., 1989) has been the 

- 13 - 
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Table 3. Barley  analyses  on  three  fractions  of 
‘Triumph’  obtained  by  flotation  in  sodium 

Fig. 10. 
in the 

in UV- 
light. The 

Convention. The hulls of act as a 
aid in the tank, the being 

dependent on viscosity of to which  the 
13-glucans significantly  can 

ß-glucan may in because ,malt 
ß-glucanases sensitive This 
would cause significant delay in the time. 
Thus, the have double as a 

modification in malting and 
time. is shown 1987) that soluble 

6-glucans in of total in is well 
with 13-glucans  of the of the 

malts. Soluble 13-glucan in is thus an efficient 

functions as such than the total 13-glucan analysis 
of 

it has been well known that a 
steely gives an malt 
to a soft and mealy one.  We have developed a flotation 
technique with sodium 
1983) on which  we also have used selecting 

1985). A steely feed 
like sinks while its mealy 13-glucan mutant, 
737, and the malting float. 
and Thomsen (1986) have by flotation obtained 

of a sample of 
(Table 3). The steely contain less 

but and slightly 
do the  mealy  ones. is soluble 

in the steely, dense seed to 

nitrate. 

weight (kg) 
40.13 Thousand com weight  (g) 
64.85 

65.70 (% 
9.45 (% 

Soluble  ß-glucan (% 0.43 
Total ß-gluCa (% 4.04 

69.41 
41.85 
10.45 
61.90 
4.34 
0.63 

l 

“Steely” 

70.66 
43.08 
11.70 
60.10 
4.36 
0.74 

the mealy  ones. This is valid in 
between as well as within 

conditions a causes a 
steely with level of total and soluble 
ß-glucan. We now old 

with new analytical methods. 
a plant point it 

seems obvious that the flotation method combined with 
the malt modification and ß-glucan analyses would give 
new 

is the of enzyme dissemination the 
and the which is a 

distinct but also intimately coupled to 
the vitality potential and the handling of We 
thus at the tentative 

= F X (E/C) 

= modification F = a E 
= enzyme activity, and C = cell wall thickness of 
as to  ß-glucan content. 

The de synthesized enzymes such as 
ß-amylase  and ß-glucanase seem to be well in 
activity, cell 

modification at 3 and 5 days of in discs 
at 15 OC, E could be estimated. 

the mashing almost all is 
into while about 40% of the 
of the is dissolved in the as amino  acids  and 
peptides. The of the is left in the spent 

with  most of the fat, the hemicelluloses, and the 
A high  content of is thus of 

a high yield. This 
implies a low content and a thin husk (low 
content) of the malting 

- 14 - 
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Barley  quality  for  feed 

an point of view, a feed 
e.g. pig feeding should with additives 
(soycakes), give an efficient meat 

with due to the 

economically limiting since cheap is 
the  U.S.  without levies in the of soycakes. As 

pointed out by 
available in should thus be a of 
national economical to This means 
that malting plump seeds 
should  be the ideal both malt and feed. The use 
of feed could also be 
discussed if high-yielding could be found which 
do not Official evaluated by  the 

analysis but to 
content. We have in field in 

1987) used the analysis 
as enzymatic analysis to evaluate 

the of is a huge almost 
equally dependent on (Table 4), 

the  values published in 1981 
and A testing at the official 

of the would that an 
in yield of due to available 

Table 4. Grain  yield,  starch  and  crude  protein 
percentages  of  five  barley  varieties  grown  on 

(1984) 1987)l. 

Soil  type2 

Clay 
Ca 7002023 

Lami5 

Loamy sand 
Ca 7002023 

Lamis 

(th4 
15% 

6.26 
7.06 
7.68 
6.72 
7.27 

4.00 
4.84 
5.36 
5.04 
5.39 

% 

54.2 
58.2 
66.4 
62.3 
60.0 

48.9 
51.3 
60.6 
53.6 
51.2 

:% 

11.5 
10.6 
9.9 

11.1 
9.5 

16.7 
16.3 
15.2 
15.8 
16.5 

in 

1508 

2 U.S. Soil 

hemicelluloses. a low content of 
which is in malting is also  good the feed 

at all be utilized  by 
causes wet  faeces 

in 

We have the 
high-lysine 1972), since 1973 

et al., et al., 1987)  by 
my 

new  high-lysine lines. When  we 
was to the yield of ‘Zita’, the of 
that time. We obtained that goal in 1985 by intensive 
selection seed  quality  and  yield  using the 

of the (lys 3a) easy 
selection without the needs chemical analysis. The 

lines such  as Ca 700202, called 
display a content than  the 
As pointed out in 1981 
high-lysine as tend to be low in 

and available Table 5 it is shown  that 
the of fat balances the deficit in of the 

(in 
value of 

both ‘Lami’ and 
indicate a 

level of 
but significantly than the feed value 

of ‘Lami’. The of low digestible 
lysine to have 

We have the and  economical value 
of Ca 700202 in feeding with  pigs. 
Studies with the 1508 
(Table 6) and  with  Ca 700202 indicate that the daily 

of pigs, fed the high-lysine 
supplement at 11.5% in the feed, the 

on  a full feed consisting of 
soybean additives at is thus 
indication that the optimal content in pig feeding 
with high-lysine be less than  15%;  we 
at calculating on 12-13%. This would  mean  that 
about 20%  less pollution  would be 

pig which is a sizeable amount the 

Table 5. Chemical  composition (% 
tent  and  energy  utilization  in  rats of normal 
and  high-lysine  barleys. 

Lami Ca 700202 

9.5 

14.9 14.6  14.9 
18.1  18.1 18.5 kJ/g 
3.9 5.0 

67.1  62.7  59.9 
2.1  2.2  3.3 Fat 
9.2  9.5 

- 15 - 
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Table  6.  Feed  trial  with  pigh  restrictive  according  to 

1508 I I 
Lysine g/16  g N 
Lysine gikg 
Feed  to  obtain 90  kg 
live  weight, kg 

g 

10.5 
3.7 
3.8 

538.0 
261.0 

11.5 
5.2 
6.0 

209.0 
635.0 

With 
additive 

Full  feed 

15.0 
5.0 
7.5 

206.0 
703.0 

to (1980) 

of 14 million pigs 
et al., 1988). Added to that comes the 

of a 
consumption of which in and in the EC 
is a The Ca 700202 is at 

(1990)  not competitive in yield  with leading 
(about 10% in yield to the 

due to lack of mildew We have now 
obtained a new of high-lysine lines which 

conditions in constantly have 
had  yields above the a of the best 

high-yielding 

Communicating  the  message  of quality. 
to  the  plant  breeders,  comparing  the 
production  chains  involving  barley  for 
malt  and  for  feed 

the old subsistence society, all activities involving 
use of 
including e.g. and pig feeding. A skilled 

could thus and 
all the 

chains each step demands an 

INFORMTION ----------- 

1' t T f T 
Y i e l d   P r i c e   P r i c e   P r i c e   P r i c e  

Appearance V a r i e t y  M o d i f i c a t i o n  % Appearance o f  . 
Vol ume we ight  p u r i t y  ( 6-glucan) . beer 
( P r o t e i n  Seed s i z i n g  Mal t a n a l y s i s  Tas t e  

Water % Germination % y i e l d ,  
(NIRI )   Pregerminat .%  (Extract  

P r o t e i n  % Kol  bach  index, 
Dormancy w o r t   c l   a r i  ty , 
Fungal  spore e t c .  1 

Y i e l d   o f   m a l t  INFORMATION 
count 

/-- ----------- 
n rc" F n 

FACTORIES HUSBANDRY 

t 1' f t 
Y i e l d   P r i c e   P r i c e   P r i c e   P r i c e   P r i c e  

Appearance  Feed  specifica-  Carcass  yield  Appearance  Appearance 
Vol ume w e i g h t   t i o n   l i m i t s  . M e a t / f a t  Cooking 
Water % Composition r a t i o   e t c .   c h a r a c t e r i s t i c s  

( raw  mater ia l   Taste  
used) 

Pr0tei .n % 
F a t  % 

Feed  e f f ic iency  
Energy e t c .  

Fig. 11. of malt of of 
in the chains. 
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exchange of goods it at each such 
exchange, specifications and  analyses,  must be 

give value money. Even 
within an like 
involves plant 

specialists, the handling of the chain 
is quite complex. 

constitutes a symbiosis between the 
- and pigs, and man, 

man men!) is not only the final but 
also the element in 
each step. 

the 
chain, a value which 
explains that it has  been economical to a 
sophistication in the quality of the malt 

chain to the feed 
fact, the specifications of malting 

involving a size of seeds and a low 
content, have in the last 50 the 

being successful also due to the 
ease in plant of obtaining a high yield  with a 
high as opposite to content as discussed 

plant quality 
has been less intense, and is hence 

to be done in this to high quality malting 
(high (high metabolisable 

is to 
analyses at the intake of the malting and even of the feed 

They thus have detailed specifications of what 
they  need but due to exceeding costs, it is impossible to 
make  all  these  analyses on each  individual  sample 

nowadays an advanced feed optimization via 
based  on  the demands of the pigs  which 
quite well defined. The values put into the 

mostly on values which 
occasionally can be changed to suit the 

The effect of is 
an of  e.g. and lysine to be 
on  the safe side statistically. is also evident that the 

of e.g. lysine in a like 
Ca 700202 would not be in the 

composition in selection. is, fully possible to 
use  the qualitative and 
thus apply a table value the composition of 
this  high- lysine A quantitative estimate of lysine 
can conveniently be all kinds of feed with 
the dye-binding As pointed out 

even the feed have, to be 
changed to fully utilize the high-lysine option, 

the optimal level in the feeds. 

- 17 - 

limited consensus in the 
quality  concept of the fact always 
technical to the of 

Thus, supplementation  with 
soybean lysine an 

in complexes the 
of inhibiting haze being an 

et 
al., 1984). malt can be exchanged 
with  adjuncts  such  as maize etc. The 
uses of these options not tied up with 
legislation, technical labelling of 
and company policy including This is the 

why the emphasis with to the quality 
complex of to 

so confusing the plant We should 
that animal 

well established, and  complex activities which 
have a and 
could still today be looked  upon as a kind of art. is 

possible to an bacon  with 
the help of spun  soybean 

is also possible to make a kind of 
the components have  been  malted 
The these being unsuccessful 
could besides taste be sought in 
lack of and foundation in the minds of 
the and the will, 
also in the be  used malt and feed and  as 
implied we can see a consensus 
coming up between the feed and  the malt 
a high level in both a high potential malt 

a 
animals, vital seeds  which might 

give high both in the 

costs of malt and  feed. The 
idea that  we all should to a 
quality definition once  and is, 

conditions, including 
change  and science develops,  and secondly, we  can not 
as possibly be without this discussion. 

the essential human  activity  without  which 
human life 
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