
Evaluation of 

B ARLEY QUALITY 
O C O L O R reflects harvest weather 

• FERTILIZER affects barley skin quality 

• CARELESS H A N D L I N G - loss of grade 

By O. J . Banas ik 1 

H P H E in t roduc t i on of K i n d r e d " L " 
b a r l e y i n t h e ea r ly 1940's u she r -

ed in a n e w e ra f o r N o r t h D a k o t a 
b a r l e y g rower s . T h e s t a t e is n o w a 
m a j o r m a l t i n g b a r l e y p r o d u c i n g 
a r e a a n d h a s b e e n one fo r n e a r l y 
t w o decades . Recogniz ing t h e eco-
nomic i m p o r t a n c e of t h i s crop, t h e 
N o r t h D a k o t a A g r i c u l t u r a l E x p e r i -
m e n t S t a t i on dec ided in 1947 to 
i n t ens i fy t h e b a r l e y b r e e d i n g p r o -
g r a m a n d beg in a b a r l e y qua l i t y 
t e s t ing l a b o r a t o r y t o p r o v i d e a f a i r -
ly r a p i d a n d a c c u r a t e m e a n s of 

e v a l u a t i n g q u a l i t y on e a r l y g e n e r a -
t ion ma te r i a l . 

T a b l e I p r o v i d e s a " r o a d m a p " t o 
fo l low t h e t e s t ing of a h y b r i d b a r -
ley u n t i l it ha s g r a d u a t e d as a n 
accep tab le m a l t i n g va r i e ty . T h e " F " 
v a l u e s r e f e r to t h e g e n e r a t i o n or 
t h e n u m b e r of c rops or seed ing 
pe r iods t h e b a r l e y h a s gone t h r o u g h . 
Qua l i t y t e s t i ng b e g i n s in t h e t h i r d 
genera t ion , w h i c h is t h e ear l ies t 
t h a t b a r l e y can b e r e l i ab ly eva lu -
a ted . O n l y t h o s e h y b r i d s t h a t h a v e 
de s i r ab l e a g r o n o m i c cha rac te r i s t i c s 

T A B L E I .—Steps in the Deve lopment and Quality Evaluation of a Malt-
ing Barley Variety. 

Breeding for Desirable Agronomic Characters. 

1. Ba r l ey p red ic t ion tests, 2 ounces r e q u i r e d a t Fa genera t ions , d a t a ob ta ined : 
B a r l e y n i t rogen , ba r l ey ex t r ac t , b a r l e y d ias ta t ic p o w e r , k e r n e l assor t -
men t , 1,000-kernel we igh t . 

2. Mic ro -ma l t i ng tests , 2.8 ounces r e q u i r e d a t Fa genera t ions , d a t a ob t a ined : 
K e r n e l a s so r tmen t , 1,000 k e r n e l we igh t , tes t weight , a lpha amylase , 
d ias ta t ic power , n i t rogen , w o r t n i t rogen , w o r t to ta l n i t rogen , ex t r ac t . 

3. Macro -ma l t i ng , 12.4 ounces r e q u i r e d a t F« to F« genera t ions , d a t a ob ta in -
ed: S a m e i n f o r m a t i o n as m i c r o - m a l t s p lus : Conver s ion t ime, coarse 
g r i n d ex t r ac t , wor t color, r a t io a l p h a / b e t a amylase , wor t c la r i ty . 

4. Micro b r ews , 8.8 ounces of m a l t r e q u i r e d . 
5. B a r l e y v a r i e t y m u s t sa t i s fy t hese tests . 
6. P i l o t p l a n t m a l t s and b r ews , 20 to 30 p o u n d s of b a r l e y r e q u i r e d . 
7. P l a n t m a l t s a n d b r ews , car lo t r e q u i r e d . 
8. Mus t b e accep ted by t h e m a l t s t e r s a n d b r e w e r s . 
9. F ina l ly , v a r i e t y is n a m e d a n d re leased . 
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a r e re ta ined for laboratory exami-
nation. 

Unt i l recently, t he only rel iable 
tes ts avai lable w e r e t h e predict ion 
methods of Meredi th and co-workers 
(1). They showed tha t i t is possible 
to predict mal t ing quali ty, ma l t dia-
static power and mal t ex t rac t of 
variet ies and hybr id lines f r o m bar -
ley analysis. A f u r t h e r advantage is 
t ha t this method requi res only a 
smal l amount of mater ial , and may 
b e made a t an ear ly stage in the 
production of new varieties. T h e 
genera l efficiency for selecting mal ts 
of high ext rac t was 67 percent whi le 
for diastatic power it was 69 percent . 

This represents a marked improve-
m e n t over t he 10 percent ra t ing 
obta inable by r andom selection. 
These relat ively s imple tests wil l 
become widely used. 

Dur ing t he last decade only two 
barley varieties of acceptable malt-
ing qual i ty have been released. They 
a re Pa rk l and and Trail l which w e r e 
selected for qual i ty by predict ion 
methods and w e r e retested many 
t imes before being approved for 
release. 

The two most recent addit ions in 
exper imenta l methods for the evalu-
ation of new bar ley variet ies were 
ment ioned a t t he 1956 meet ing of 
the Amer ican Society of Brewing 
Chemists a t St. Louis by t he late 
J o h n Parker . He stated, "The two 
most significant fo rward steps made 
in the last decade in bar ley improve-
men t are: (1) the development of 
micro-mal t ing tests this year a t the 
Nor th Dakota Agricul tural College 
and (2) pilot b rewing in 1951 a t the 
Bar ley and Malt Laboratory, Madi-
son, Wisconsin." 

These techniques enable the p lant 
breeder to test t he malt ing and 
brewing quali t ies of hybr id selec-
tions in t he early generat ions using 
samples as small as 80 grams (about 

2.8 ounces) for micro-malt ing and 
only 4 to 5 pounds for pilot b rew-
ing. In earl ier years 1 to 4 pounds 
of bar ley w e r e needed f o r exper i -
menta l mal ts and carlots fo r p lan t 
scale brewing tests. 

Table I shows the data that can 
be obtained f r o m mal t ing and pre-
diction tests. I t is evident t h a t t he 
micro-malt ing gives m o r e informa-
tion than the predict ion method, 
while macro - mal t ing yields addi-
tional information. If t he hybr ids 
do not c om p a r e favorably wi th 
s tandard acceptable variet ies they 
a re eliminated, except for possible 
breeding material . This ear ly screen-
ing enables a more th rough s tudy to 
be made of barleys t ha t might m a k e 
a new variety. Not m a n y pass the 
macro-malt ing stage. The t ime re-
quired and the number of samples 
tested to obtain a single sat isfactory 
variety a re very large. The cross 
f rom which Trail l was obtained was 
first made in 1947. A t present , th is 
var ie ty has advanced to step 6, in 
table I. 

The s tandard micro-malt ing pro-
cedure is applied only to new bar-
ley hybr ids tha t have been found 
most promising by the predict ion 
a n d / o r micro-malt ing method. About 
300 grams (12.4 ounces) of bar ley 
a re required; therefore , the test can-
not be employed unt i l fa i r ly l a te in 
the bar ley breeding program. 

This laboratory mal t ing test con-
sists of t rea t ing t he bar ley in essen-
tially the same manner as in in-
dustr ia l processing. However , t he re 
appears to be no set s tandard con-
ditions under which the mal t is 
produced, as each laboratory tends 
to follow its own prefer red pro-
cedure. Harr ison and Rowland (2) 
were the f i r s t to car ry out routine 
malt ing tests in the laboratory, a t 
t he Universi ty of Manitoba in 1927. 
About two years la ter two mal t ing 
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Figure 1.—Barley steep tank and mashing apparatus. 

laborator ies w e r e established in the 
Uni ted States, one a t the Univer-
sity of Wisconsin a t Madison, and 
the other by the USDA in Washing-
ton, D.C. 

The Malting Process 
A thorough unders tanding of the 

process and the industr ia l implica-
tions is necessary to enable the plant 
breeder and the chemist to evalu-
ate the new hybr ids and provide the 
f a rmer wi th high yielding, disease 
resistant, m a l t i n g variet ies. The 
mal ts ter and the b rewer are the 
principal cus tomers for mal t ing bar-
ley, so the bar ley development pro-
g ram must f i t their requi rements . 

Malting begins w h e n wate r enters 
the gra in dur ing steeping. Figure 1 
shows t he exper imenta l steep tank 
employed in the f i rs t s tage of the 
mal t ing process. The a la rm clocks 
drop the samples of bar ley into the 
wa te r at p rede te rmined t imes so 
they will all come out together . The 
mashing appara tus for the determi-
nat ion of bar ley and mal t ex t rac t is 
located on the bench to l e f t of the 
steep unit. 

Germina t ion is apparen t when the 
whi te point of the rootlet commences 
to emerge f r o m the micropile end. 
The grain is ready for germinat ion 

chambers w h e n it reaches 45 percent 
mois ture content. A w a r m s teep 
wate r hastens absorption, thus stim-
ulat ing metabolism. This causes an 
increased ra te of carbon dioxide 
production which may lead to a 
s t i f l ing of the gra in if the gas can-
not escape. If uncontrolled, a pro-
portion of the kernels may be killed 
or have the i r vital i ty damaged, re-
sembling wha t follows pregermina-
tion and subsequent check to g rowth 
dur ing storage. It is unders tandable , 
therefore , why a re la t ively low steep 
t e m p e r a t u r e is p re fe r red , 55 to' 60° 
F., to p reven t undes i rable biochemi-
cal changes. Even wi th normal s teep 
tempera tures , undis turbed g r a i n 
may have its vital i ty impaired by 
accumulat ion of metabolic products, 
so some mode of aerat ion is needed. 

The general metabolic story begun 
in the steep is cont inued as the bar-
ley is t r ans fe r r ed to the germinat ion 
chambers where it is g rown under 
controlled t empera tu re and humi-
dity. The tall appara tus on the lef t 
side of f igure 2 is the germinat ion 
chamber for growing micro and 
macro - malts. The t e m p e r a t u r e is 
r igidly control led at 60.8° F. and 100 
percent re la t ive humidi ty . A growth 
period of th ree days is requi red for 
micro-malts and six days for maero-
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malts. A r e l a t i v e l y slow start 
is most likely to give the desired 
even growth. Depending on their 
chemical composition, their dorm-
ancy and the steep t rea tment , dif-
fe ren t barleys will vary enormously 
in growth response. A plant mal t ing 
of a new varie ty is made so tha t any 
unusual handl ing factors may be 
determined. If the results a r e not 
satisfactory, the new varie ty prob-
ably would be discarded. 

In general, apa r t f rom dormant 
barley, the greatest diff iculty is 
caused by samples wi th high nitro-
gen content, which apparent ly pos-
sess two conflicting characteristics. 
They have the greatest potentialities 
for enzyme production and, there-
fore, for metabolic activity, but are 
the most diff icul t to br ing to a de-
sired degree of modification. High 
nitrogen content is usually associ-
ated with b a r l e y s described as 
steely, which are t ransparent and 
a re diff icult to malt . To produce a 
mal t f r o m steely bar ley it is neces-
sary to force the malt . However, 
unnecessary forcing is not efficient 
because it leads to a very appreci-
able loss of extract . 

The th i rd and f inal step of the 
malt ing process is approached when 
the a c r o s p i r e of the grain has 
reached % to % length of the kernel . 
The green mal t is loaded into the 
kiln for the first stage of drying a t a 
low tempera ture (85° to 105°F.). To 
the r ight of the germinator in f igure 
2 is the forced d ra f t oven for the 
drying of experimental malts. 

Removal of moisture f r o m the 
malt involves several t empera tu re 
c h a n g e s , all careful ly controlled. 
The initial heat ing causes a gradual 
weakening of the general metabo-
lism, so that the enzyme systems are 
soon inactivated. The kilning t reat-
ment also develops color and f lavor 
in the mal t and, by removal of 
water, makes it stable and fr iable. 

Chemical Changes 
Changes which make a pe rmanent 

contribution to the character of the 
malt, as distinct f rom those which 
terminate wi th the loss of metabolic 
activity, include first the modifica-
tion of cell wall and related mate-
rials. Those engaged in bar ley inves-
tigations use the all-inclusive term, 
"modification." Actually, no single 

Figure 2.— 

Barley germinator 

and malt kiln. 
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determinat ion adequate ly d e f i n e s 
this p roper ty because modificat ion 
includes changes of cell wal l ma te -
rial , s tarch and protein. Cell wa l l 
dissolution is b rought about by 
cytases which a t tack t he endosperm 
cell walls, leaving a skeleton which 
is permeable to the s tarch spli t t ing 
enzymes, thus facil i tat ing s tarch 
breakdown. 

Detai ls of the mechanisms which 
ef fec t s tarch modifications a r e un -
known. The conventional view, t ha t 
s ta rch granules r endered more ac-
cessible by the action of cytases a re 
a t tacked by amylases, cannot ex-
plain completely the conversion of 
s tarch into sugars such as maltose 
and g l u c o s e . T h e possibilities of 
sugar product ion a re enhanced by 
the presence of l imit dextr inase, 
which seems unques t ionably to be 
an enzyme of green malt . When the 
two systems operate together the 
conversion of s ta rch to sugar pro-
ceeds smoothly. 

In t he labora tory s tarch modifica-
tion is measured by the differences 
between f ine and coarse grind ex-
tract . A large d i f ference between 
these two values indicates reduced 
modification. A p o o r l y modified 
mal t appears to be more vitreous, 
therefore , less pe rmeab le to enzy-
matic at tack. 

The measure of prote in degrada-
tion or modification is the ratio of 
wor t (or soluble) ni t rogen to total 
ni trogen. A f igu re of about 36 per-
cent m a y be taken as s tandard for 
modification when the de termina-
t ion is made u n d e r t he set controlled 
conditions main ta ined in t he labora-
tory malt ing process. These soluble, 
n i t rogenous c o m p o u n d s a re an 
essential component in ext rac t be-
cause they subsequent ly s u p p l y 
yeast nut r ien t in the brewing pro-
cess. T h e actual proport ion should 
be within the nar row confines of 34 

to 40 percent for a good mal t ing and 
brewing barley. 

Associated wi th the degradat ion of 
the various ni t rogen f rac t ions a re 
ca rbohydra te spli t t ing enzymes. The 
two most impor tan t a re a lpha and 
beta amylase. These two starch split-
ting enzymes a r e very d i f fe ren t and 
serve two specific funct ions in the 
mashing of mal t . Alpha amylase is 
a typical component of germina ted 
barley, becoming s t rongly active 
a f t e r th ree or f o u r days of mal t ing 
and is character ized by i ts capaci ty 
to break the large s tarch molecule 
rap id ly into m a n y smal ler aggre-
gates, thus creat ing many points of 
a t tack for the beta component . T h e 
pr incipal func t ion of beta amylase is 
to split the s tarch aggregates into 
maltose. T h e activity of the two 
amylases is measured by de te rmin-
ing the products of the i r hydrolizing 
action. I t is impor tant in the screen-
ing of hybrid barleys that they have 
suff ic ient diastatic and dextr inizing 
activity. These factors cannot be too 
low or too high and m u s t be in t he 
correct rat io for the hydrolysis of 
starch to be easily controlled in 
p lant operation. Figure 3 shows par t 
of the a rea in the labora tory w h e r e 
the activities of the amylolyt ic en-
zymes a re assessed by chemical 
means. 

Barley and Malt Requirements 
To meet t he needs of the mal t s te r 

and brewer , ba r ley mus t have the 
fol lowing requi rements : (1) Be sub-
stant ia l ly 100 percen t viable; (2) 
have the capacity, through adequa te 
a lpha amylase activity, to faci l i tate 
the b r eakdown of starch, and by 
cytolytic enzyme activity to acceler-
ate t he degradat ion of the non-
s ta rchy components and so faci l i ta te 
the action of other enzymes. 

Each bar ley sample is a vas t n u m -
ber of individual kernels capable of 
substant ia l variat ions. The work of 
the malts ter and b rewer is simpli-
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f ied enormously by m a x i m u m uni-
formi ty in t he bar ley and in the 
f inished malt . Therefore , the bar ley 
should, so fa r as possible, meet two 
f u r t h e r requirements . (3) It should 
have substant ial un i formi ty of gra in 
size and chemical composition. These 
needs a re me t best by t he use of a 
pure variety, by individual samples 
which are graded for grain size and 
for readi ly de terminable characters 
such as ni t rogen content, and the 
d i f fe ren t grades should be stored 
and mal ted separately. (4) Each 
sample should have completed its 
period of dormancy. With substan-
tially 100 p e r c e n t germination, 
growth is regular and even. 

There still remain, however , fac-
tors of economic and brewing signi-
ficance. M a x im u m ext rac t has 
a lways been desirable and ext rac t 
f igures for malts have tended to rise 
steadily, f r o m 95 pounds per quar te r 
(336 pounds mal t ) in the 1920's to 
around 100 pounds per quar te r to-
day. A bar ley wi th high ext rac t 
potentialit ies is one wi th low nitro-
gen content. Since high ni t rogen is 
likely to cause instabil i ty in beer a 
demand for a bar ley of low nitrogen 

content has developed. A reasonable 
ni t rogen content in mal t ing bar ley 
(6-row, midwest ) would be in the 
range of 1.90 to 2.25 percent depend-
ing on climatic conditions and loca-
tions of growth. 

To be acceptable for industr ia l 
use, bar ley must be appraised f inal ly 
by the mals ters and brewer . This 
can be done only by f i r s t runn ing 
pilot mal ts and brews and, when 
enough bar ley is available, to actu-
ally process the r a w m a t e r i a l 
through a plant operation. I t is not 
a lways t r u e tha t an acceptable malt 
makes a good brew. 

Besides chemical and biological 
requirements , bar ley has to meet 
certain grading factors. The t radi -
t ional methods of assessing the mal t -
ing quali ty of bar ley is by hand 
examinat ion. For - an expert , it is 
probably t r u e to say tha t this is 
still the safest method, though it 
may—and usually now is—supple-
mented by laboratory tests. The 
physical tests can do w h a t chemical 
examinat ion cannot—they can assess 
wi th considerable cer ta in ty the de-
gree of r ipeness of the grain, the 
color and the appearance of the 



skin. Color tends to ref lect the 
weather conditions which prevai led 
around harvest time. Pale color indi-
cates unduly rapid r ipening (com-
mon in dry areas) . A dark hue 
f r equen t ly resul ts f rom unfavorable 
harves t weather wi th too much rain 
and too little sun. P r o n o u n c e d 
staining may damage the germina-
tion of the grain, apar t f r o m the 
fact tha t the normal matur ing will 
have been in ter fered with. Very 
wet wea ther may cause pregermina-
tion, a proport ion of embryos being 
damaged or even killed when the 
grain is dried and stored.. Damp 
grain is an ideal host for the growth 
of mold bacteria. 

If the skin is coarse (thick skin-
ned), it is probable t ha t too much 
ni t rogen has been taken up, l ikely 
as a result of unwise use of ni tro-
gen ferti l izers. A cross section of 
these bar ley kernels shows a gray 
or steely appearance in the endo-

sperm, and these do not malt well. 
The ideal is a th in-skinned, slightly 
wrinkled sample which, when cut 
crosswise, appears whi te and mealy 
in the endosperm. It may be noted 
that the t e rms "thick" and " thin" 
applied to the bar ley husk refer to 
visual impressions r a the r than to 
actual measurements . 

The care which has been used in 
threshing is very important . Dam-
aged kernels make ideal substrates 
for mold g rowth on the malt ing 
floor and whi le broken kernels can 
be removed by screening, kernels 
damaged at the t ip cannot be sepa-
rated. It is also not desirable that 
long lengths of awn should be le f t 
a t tached to the grain or tha t f rag-
ments of rachis wi th at tached ker-
nels should be present . The color, 
uni formity of grain size and evi-
dence of threshing damage are of 
outstanding value in the assessment 
of quali ty. 
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