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Four cultivars of hull-less barley and, for comparison, two cultivars of
malting barley and one cultivar of soft wheat, all having germination
capacity >95%, were steeped to about 42% moisture and malted in an
automatic micromalting system. Hull-less barleys had a 16-hr shorter
steep time than the malting barleys or wheat and produced malts that
were comparable in composition and enzyme activities (x-amylase,
diastatic power, f3-glucanase, and proteolytic) to the malting barley malts
but superior to the wheat malt. One cultivar each of hull-less barley,
malting barley, and wheat, steeped to about 43% moisture, were malted
in a pilot plant. Again, hull-less barley malt was, except for cultivar
differences, more like malting barley malt than wheat malt in composi-
tion and enzyme activities. Nondiastatic malts having reduced enzyme

Several malted barley products such as extracts, syrups, and
solid and liquid diastatic and nondiastatic malts are commercially
available and are added to a variety of fermented and nonfer-
mented foods to enhance color, enzyme activity, flavor, sweet-
ness, and nutritional quality (Bamforth and Barclay 1993). Malt
extracts added to wheat flour enhance oc-amylase, soluble sugars,
and protein in the dough and promote yeast activity, bread
texture, and loaf volume. Malt products varying widely in color,
composition, and flavor can be prepared to meet market demands.
A more recent commercial product is malted barley bran, a source
of insoluble fiber, prepared by combining malt extract and ground
malted barley, which are vacuum dried and ground to size for use
in breads and nonbread cereal products. Extracts and syrups are
prepared by extracting brewer's or distiller's malts with water
under various conditions and evaporating the extract under
vacuum to obtain desired color, flavor, and diastatic activity. Dry
diastatic malts are prepared by blending finely ground malted
barley, wheat flour, and dextrose having enzyme activity of 20-
600 L (Hickenbottom 1993). Green malts may be dried under
elevated temperatures or subjected to other treatments to obtain
nondiastatic malts containing little or no enzyme activities.

Malt extracts and syrups are prepared essentially to eliminate
hull, which limits the addition of brewer's and distiller's malts
directly to foods. In contrast, malt prepared from hull-less barleys
has no such limitation and can be directly processed into a variety
of products, after milling, without the cost and inconvenience of
preparing malt extracts and syrups and disposing of hull. Hull-
less barley malt may be used to produce flakes, grits, or cracked
grain or it may be ground and sifted or milled to obtain malt flour
and malt bran; these products have many food applications. It is
proposed that hull-less barley malt be called "food malt" to dis-
tinguish it from brewer's and distiller's malts, which are prepared
from select grades of malting (hulled) barleys.

Some earlier studies have reported malting of hull-less or naked
cereals such as wheat (Pomeranz et al 1975, Sethi and Bains
1978, Singh et al 1983), corn (Singh and Bains 1984), and
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activities were prepared by heating the green malt at 85 0C; the heating
temperature may be adjusted to prepare malts of desired color, flavor,
and enzyme activities. Hull-less barley malt was milled in a flour mill to
produce malted bran and flour. Hull-less barley malt and its products can
be added directly to a variety of foods without the need to prepare
extracts and syrups, as is the case with most brewer's and distiller's
malts. However, malt extracts and syrups may be prepared from hull-less
barley malt without the problem of residual hull disposal. It is proposed
that hull-less barley malt be called "food malt" to distinguish it from
brewer's and distiller's malts, which are prepared from select grades of
malting (hulled) barleys.

sorghum (Morrall et al 1986); only a few studies have reported
malting of hull-less barleys (Rennecke and Sommer 1979, Singh
and Sosulski 1985). Hull-less barley is an ideal cereal for malting
because of its inherent capacity, like that of hulled barley, to
rapidly synthesize f-glucanases and amylolytic enzymes.

This article reports malting of hull-less barleys and, for com-
parison, malting barleys and wheat under comparable conditions
and compares their compositions and enzyme activities. The
objective was to promote the use of hull-less barley, now com-
mercially available in Canada and the United States, in food and
industrial applications.

MATERIALS AND METHODS

Materials
Four registered cultivars of hull-less barley (CDC Buck, CDC

Richard, Condor, and Falcon), two registered cultivars of malting
barley (Harrington and Stein), and two registered cultivars of
wheat (AC Fielder and AC Reed) were obtained from B. G.
Rossnagel and P. Hucl of the Crop Development Centre, Univer-
sity of Saskatchewan, Saskatoon. They were of the 1992 harvest
grown at the Kernen Crop Research Farm of the university. All
the barley cultivars were two-rowed, except Falcon and CDC
Buck, which were six-rowed. AC Fielder and AC Reed were
Canadian soft white spring wheats. Commercial malted barley
flour (120-180°L) and nondiastatic dry malt extract were
obtained from Malt Products, Maywood, NJ.

For analytical purposes, subsamples of unmalted and malted
grains were ground in a Udy cyclone mill to pass a 0.5-mm
screen and were stored in airtight jars.

Laboratory Malting
Twenty-gram samples (two samples per malting container)

were steeped and malted in the laboratory using an automatic
micromalting system (Phoenix Systems, Kingswood, South
Australia). The steeping and germination cycle for the hull-less
barleys was 9-(4)-9-(76) hr; the numbers outside the brackets
indicate steep time and those inside, air rest times. The germi-
nated grain was kilned for 9 hr at 30-50°C, 4 hr at 50-65°C, 2 hr
at 65-75°C, 4 hr at 75-85°C, and 0.5 hr at 25°C. Harrington and
Stein malting barleys and AC Fielder wheat were steeped for 30
hr with a steeping and germination cycle of 10-(4)-10-(4)-10-(76)
hr; the kilning cycle was similar to that used for the hull-less
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barleys. For the preparation of nondiastatic (low enzyme activity)
malts, the steeped and germinated grains were removed from the
automatic micromalting system and heated at 850 C for 20 hr in a
forced-air oven. The rootlets were removed by gentle rubbing and
screening of the malts. The moisture content of kilned and heated
malts varied from 4 to 6%.

Pilot Plant Malting
Twenty-five kilograms of CDC Richard and Harrington barleys

and of AC Reed wheat were malted in a pilot plant at the Canada
Malting Co., Calgary, Alberta. The steeping and germination
cycle was 8-(8)-8-(8)-8-(96) hr; again the numbers outside the
brackets indicate steep time and those inside air rest time in
hours. The kilning cycle was 10 hr at 650C, 7 hr at 750 C, and 6 hr
at 850 C. Malt moisture varied from 4 to 5%.

Malt Extract
Malt extracts were prepared by extracting 10 g of laboratory-

prepared CDC Richard malt with 100 ml of distilled water for 1
hr at 70 or 850 C in a shaking water bath. The extracts were
filtered and the clear filtrates freeze-dried.

Malt Bran and Flour
CDC Richard malt was dry-milled in a Brabender Quadrumat

Jr. mill and sifted in a Ro-Tap shaker (C.E. Tyler Engineering
Inc., Bessemer, NC) using a no. 60 (250-gm) sieve. The material
that passed through the sieve was taken as flour and that which
remained on the sieve as bran. Sifting time was adjusted to obtain
yields of 90, 80, and 70% flour and the balance of 10, 20, and
30% bran, respectively. Total and soluble dietary fiber of 30%
bran was determined by the procedure of Prosky et al (1988).

Analyses of Laboratory Malts
Whole seed and ground seed (meal) color was measured with a

Hunterlab ColorQuest spectrocolorimeter (Hunter Associates
Laboratory, Reston, VA), standardized with a white tile. Seed
hardness was measured with a micro hardness tester (C.W.
Brabender Inc., South Hackensack, NJ). Germination energy and
water sensitivity were determined on ungerminated grain as
described by LaBerge and Tipples (1992); the latter is defined as
the difference between the number of kernels germinated with 4.0
ml of water (germination energy) and 8.0 ml of water. Germina-
tion capacity was determined as described in ASBC (1992).

Moisture, ash, and protein were determined by the AACC pro-
cedures (AACC 1983), except that the catalyst used for protein
determination was copper sulfate. Starch was determined by the
method of Holm et al (1986) on samples boiled with 80% ethanol
and centrifuged at 2,000 x g for 10 min. 3-Glucan was analyzed
by the method of McCleary and Glennie-Holmes (1985), using an
assay kit (Megazyme, Sydney, Australia). Soluble sugars were
extracted from the meals with 70% ethanol at room temperature
for 30 min; the extracts were centrifuged at 10,000 x g for 10
min. Aliquots of the supernatant were used for the determination
of total carbohydrates (Dubois et al 1956); raffinose was used as a
standard. The same extracts were used for the determination of

soluble protein (AACC 1983). Acid extract (pH 1.5) viscosity
was measured using a digital viscometer (Brookfield Engineering
Laboratories Inc., Stoughton, MA) at 20'C. For amino acid
analysis, CDC Richard barley and malt were refluxed with 5.7N
HCl for 24 hr; the hydrolysates were dried under vacuum and
dissolved in citrate (pH 2.2) buffer. Aliquots were injected onto
an ion-exchange column of a Perkin Elmer high-performance
liquid chromatograph equipped with an Omega 2.5 data handling
system.

Enzyme Assays
oc-Amylase was determined with the Megazyme kit (Sydney,

Australia), which was based on the procedure of McCleary and
Sheehan (1987). One unit of enzyme activity was defined as the
amount of enzyme required to release 1 gmol of p-nitrophenol
from p-nitrophenyl maltoheptaoside in 1 min under the assay
conditions; this is termed a Ceralpha unit. Diastatic power (DP)
was determined using the ASBC (1992) procedure; enzymatic
activity was defined as 'ASBC, calculated from the regression
equation, where the reducing sugars were obtained by analyzing
malts of known DP supplied by Canada Malting (Calgary).
Reducing sugars were determined using p-hydroxybenzoic acid
hydrazide as a reducing agent according to Henry (1984). Prote-
olytic activity was determined using the AACC procedure (1983).
f3-Glucanase activity was also determined using a Megazyme kit,
which uses azo-barley f-glucan substrate (McCleary and Shameer
1987). Enzyme activity was reported as international units (U) per
kilogram of malt, where 1 U was equal to 1 gm of glucose reduc-
ing-sugar equivalent released per minute at 30°C and pH 4.6.

Analysis of Pilot Plant Malts
ASBC (1992) methods were used for the determination of

moisture, total protein, soluble protein, DP, viscosity, and ox-
amylase. In this case, an oc-amylase unit (20°C dextrinizing unit)
was defined as the quantity of enzyme that dextrinized soluble
starch in the presence of excess f3-amylase at the rate of 1 g/hr at
20°C. Proteolytic and f3-glucanase activities were determined
using methods described above for the analyses of laboratory
malts.

RESULTS AND DISCUSSION

Steeping
The hull-less barley cultivars were slightly darker than the

malting cultivars and wheat; the hull of malting barleys was
responsible for their lighter color. Hull-less barleys, especially
CDC Buck and Falcon, were also harder than the malting barleys,
as was wheat. Malting barley cultivar Stein was the softest, with a
grind time of 131 sec (Table I). In our laboratory, grind times
smaller or greater than 45-50 sec, as determined with the
Brabender microhardness tester, are taken to indicate hard and
soft grains, respectively. On this basis, the hull-less barleys and
the wheat were hard and the two malting barleys soft. Malting
barley$ are selected for a softer or mealy endosperm, which
absorbs water at a faster rate and facilitates intercellular water
diffusion during steeping more easily than a steely endosperm. In

TABLE I
Description of Barley and Wheat Cultivars Used for Malting'

Hull-less Barley Malting Barley Wheat
Measurement CDC Buck Condor Falcon CDC Richard Harrington Stein AC Fielder
ReIf I rnInr f AL rA
afzru ;uuiur, L,
Hardness, sec
Germination energy, %
Water sensitivity, %
Germination capacity, %

46.5
46.0
99.0

2.0
97.5

42.4
52.0
98.0
-0.5

100.0

43.7
44.0
93.5

1.0
96.096.0 90 51 1 ( IA

-a'v'~1u'~ ui uupncare aeterminatlnns.

41.9
54.5
97.0

2.0
99.5

53.5
78.5
98.0
-1.0

inn n
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56.3 50.6
131.0 46.8
99.0 93.0
-1.0 -4.0

100.0 100.0
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