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This paper deals with investigations of wort production by the application of unmalted raw

material - native barley as a partial sttbstitute for malt in grist Tliis adjunct was differently

treated: (1) thermal decomposition, (2) enzymic decomposition by the addition of commercial

enzyme "Termamyl", and (3) hydrothermic decomposition i.e. extruding.

Native barley prepared by these methods was added in proportions up to 70% of the grist,

without the addition ofexogenous enzymes. Experiments were carried out on a laboratory scale

by using an infusion mashing procedure for wort production.

The results obtained indicated that the application ofnative barley as the adjunct, gelatinised

by heat treatment gave good results up to 10% as malt substitute. Larger amounts of barley

gelatinised by heat treatment decreased extract yields.

Malt substitution with pretreatment of barley with enzyme did not produce satisfactory

results. Worts had reduced levels of extract and soluble nitrogen, which were insufficient for the

production ofhigh quality beer.

Application ofbarley flakes in quantities up to 50% produced wort which had good analytical

quality parameters.
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INTRODUCTION

In Yugoslavia, as in most other countries in the world,

beer is brewed with the addition of adjuncts to malt

grists. The principal adjunct is maize, or refined maize

grits, but, in the last decade, unmalted barley has also

been applied. The quantities or types of adjuncts are not

legally restricted, but breweries add up to 40% of maize

starch or maize grits in the whole grist, normally with

commercial enzymes, but in some cases conversion in

the brewhouse is performed only with enzymes from

brewer's malt. If used, barley represents some 20-30% of

the grist, and it is processed with enzymes which have

liquefying (thermostabile a-amylase), saccharifying,

proteolytic and cytolytic (p-glucanase) activities10 7"15. In

some breweries adjunct addition can be as high as 60%.

Small quantities of all-malt (specialty) beers are

produced in several of the 13 active breweries in

Yugoslavia while some minimal quantities of pure-malt

beers are produced by "butique" breweries.

The main current reason for the high proportion of

adjuncts used is that of economics and starchy adjuncts

are normally 2 or more times cheaper than malt. The

principal reasons for the use of adjuncts in Yugoslavia

20-25 years ago were insufficient quantities of malt
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available on the domestic market, as well as inadequate

capacities of brewhouses for summer peaks of beer

consumption, which resulted in the consumption of

high proportions of sugar-type adjuncts, mainly sucrose

at that time. Today, the technical capacities of the

Yugoslav malting industry significantly exceed the

needs of Yugoslav breweries, even if they produced only

all-malt beers. In spite of that, low beer prices, high

duties, and the small purchasing power of the

population, force the breweries to use adjuncts in high

percentages.

Having that in mind, it was considered as useful to

examine whether one relatively new product on the

Yugoslav market, i.e. pregelatinised barley flakes, could

be used to decrease further the costs of raw materials for

beer production.

EXPERIMENTAL

Materials

The raw materials for mashing experiments were

commercial pale malt obtained from a commercial

Yugoslav malting plant; barley flour (fine grind, DLFU)

obtained from the winter barley Novosadski 183;

gelatinised (extruded) barley flakes, commercial

product of the "Agroseme" Co., Subotica, Yugoslavia;

heat-stable a-amylase Termamyl™ 120 L (Novo,

Copenhagen) and distilled water.
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Design of experiments

Experiments were performed on a laboratory scale,

using grists composed so that 0-70% extract content of

malt was replaced by an adjunct, based on the results of

determination of the extract content for malt by the

Congress method3, extract content of crude barley

according to the Graf method" and extract content of

barley flakes according to De-Clerk's method of

determination of extract of maize flakes4. In this way,

grists were composed of 100-30% of malt together with

calculated quantities of adjuncts, corresponding to a

total equivalent of grists of 50 grams of malt.

Three series of experiments were performed. In the

first series, 0-70% malt were replaced with barley flour

as an adjunct. This was gelatinised by cooking for 10

minutes, following the procedure given for the

determination of extract of rice- or maize grits, in the

Analytica-EBO. This included mashing in the calculated

quantities of barley flour with 200 ml of water, heating

to 90°C for gelatinisation, cooling to 75°C by addition of

cold water, addition of 1 g of malt flour, liquefaction for

5 minutes, heating to boiling, boiling for 10 minutes,

cooling to 45°C and addition of 100 ml of water at 45°C.

The second series of mashings was performed in a

similar way, except for omitting the 1st gelatinisation at

90°C and mashing in directly at 75°C the whole quantity

of barley flour with the addition of 0.05% (vol./wt) of

Termamyl. In the third series, 0-70% of malt was

replaced with the calculated quantities of barley flakes

and mashed-in with 200 ml of water at 45°C.

Further mashing, after addition of malt in the 1st and

2nd series was performed exactly according the

Congress mashing procedure in all series, but omitting

the additions of 100 ml of water at 70°C for the 1st and

2nd series, and adjusting the weight of the mashes prior

to the filtration to 450 g in all cases.

Analyses

All analyses were performed by standard techniques,2-12

with the exception that calculations of extract contents

of the worts employed regression equations proposed

by Rosendal et a/.13.

TABLE I. Analyses of malt used for the experiments

TABLE II. Analyses of native barley and of the extruded barley

flakes

Parameter

Hectolitre weight, kg

Thousand corn weight, gDM

Moisture content, %

Extract, fine grind, %DM

Extract, coarse grind, %DM

Extract difference, %DM

Sjccharificjtion time, min.

Colour of the wort, EBC

Wort odor

Wort clarity

Rate of filtration, minutes

Value

58.4

33.5

5.3

78.2

77.1

1.1

10-15

3.0

normal

clear

59

Parameter

Wort viscosity, mPa«s, 8.6%

Wort pH value

Soluble nitrogen, mg/ 100ml

Total nitrogen, %DM

Protein content, %DM

Kolbach index, %

Hartong number

• Hartong 20cC%

• Hartong 45"C,%

• Hartong 65"C, %

• Hartong 80°C %

Value

1.60

53

78.4

1.88

11.8

37.0

3.9

21.0

34.5

98.6

93.9

NATIVE BARLEY

Parameter

Moisture content, %

Extract, Graf, %DM

Ash content, %DM

Total nitrogen, %DM

Protein content, %DM

Value

11.2

79.4

2.1

1.64

10.25

BARLEY FLAKES

Parameter

Moisture content, %

Extract, %DM

Ash content, %DM

Total nitrogen, %DM

Protein content, %DM

Value

7.9

82.0

1.6

1.80

11.25

TABLE HI. Analyses of worts obtained by replacing of (part of
the) malt with barley flour gelatinised by heat treatment
(cooking)

Parameter

Extract, % by weight

Saccharificarion, min.

Filtration rate

Wort clarity

Wort colour. EBC

Wort viscosity. 8.6%. mPa*s

WortpH

Wort odor

Soluble N in wort mg/100ml

Limit attenuation, real, %

Limit attenuation, apparent, %

0

8.6

10-15

Qua

10

8.6

10-15

ntity <

20

8.4

10-15

>f mal

30

8.4

10-15

t repla

40

83

15-20

cedb

50

82

20-25

y,%

60

7.9

35-H)

70

7.7

noMcdi

normal

3.0

1.7

5.4

81.9

63.8

789

slightly opalescent

2.5

1.7

5.4

-

66.4

84.8

1.7

55

79.8

64.9

80.2

1.7

53

59.3

64.5

80.1

opalescent

10

1.8

5.6

norma

59.3

56.8

70.5

1.8

5.6

60.7

56.4

69.7

10

5.6

48.0

49.2

61.4

22

5.7

40.3

47.3

59.1

TABLE IV. Analyses of worts obtained by replacing of (part of
the) malt with barley flour liquified by enzyme preparation
Termamyl

Parameter

Extract. X by weight

Saccharificarjon. min.

Filtration rate

Wort clarity

Wort colour, EBC

Wort viscosity, 8.6%, mPa.s

WortpH

Wort odour

Soluble N in wort, mg/ 100ml

Limit attenuation, real, %

Limit attenuation, apparent, %

0

8.6

10-15

Qua

10

8.4

10-15

ntity <

20

83

10-15

>f mal

30

8.2

10-15

trepla

40

83

15-20

cedb

50

8.1

20-25

y,%

60

8.0

30-35

70

7.9

no wcrfi

normal

slightly opalescent

3.0

17

5.4

2.0

1.7

5.4

1.7

55

1.7

55

1.8

55

opalescent

2.5

1.9

S3

2.1

55

25

56

normal

81.9

63.8

78.9

76.9

57.8

71.1

69.9

59.3

73.3

65.7

59.7

73.9

62.1

59.7

73.4

60.7

50.4

623

51.5

52.1

64.7

48.7

51.6

63.8

TABLE V. Analyses of worts obtained by replacing
the) malt with the extruded barley flakes

Parameter

Extract, % by weight

Sacehariricjtion, min.

Filtration rate

Wort clarity

Wort colour, EBC

Wort viscosity, 8.6%, ml'a<s

WortpH

Wort odour

Soluble N in wort, mg/ 100ml

Limit attenuation, real %

limit attenuation, apparent, %

0

8.6

10-15

Qua

10

8.5

10-15

ntity <

20

8.5

10-15

)f mal

30

8.5

10-15

t repb

40

8.6

15-20

cedb

50

8.7

20-25

of (part of

y.%

60

8.5

30-35

70

8.5

4045

normal

slightly opalescent

3.0

1.7

5.4

2.5

1.7

55

°«23 | slightly opalescent

2.0

1.8

5.4

1.8

5.4

2.0

5.4

2.0

5.4

2.2

5.3

2.4

5.3

normal

81.9

638

78.9

91.8

62.0

77.2

88.2

613

75.9

81.9

61.1

75.4

635

59.0

73.0

64.2

58.9

72.7

515

55.9

69.3

41.7

549

67.9

RESULTS AND DISCUSSION

Table I shows the analyses of malt. Table II shows the

analyses of native barley and extruded barley flakes
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