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Abstract

An enzymatic flour milling process for barley into three major fractions (barley flour, bran-crease-germ

and water solubles) was studied. Carbohydrate and protein of barley endosperm could be efficiently solubilized

by the digestion process of partially pearled barley with enzymes. Bran, crease and germ were removed from

hydrolyzate by filtering through 30-40mesh sieves. And then filtered product was separated into fractions

by sedimentation or centrifugation. The most effective digestion of the barley was obtained by the enzyme

with higher activities of glucanase and protease under such conditions as barley-water ratio, 1:1.5(W/V) and

temperature at 45°C. Total flour yield recovered was approximately 73:76% of the barley, and the portions

recovered as bran-crease-germ and water solubles were about 3.6 and 15.8%, respectively.
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Fig. 1. Enzymatic milling process for barley flour
preparation
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Fig. 2. Release of solid particles during enzymatic
milling of barley (Reaction condition and enzyme
source: same as in Table 1)
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Table 1. Average reaction rate by enzymatic milling period

Reaction period

Average reaction rate®

(min)

Control Enzyme A% Enzyme B* Enzyme C» Enzyme D"
0—60 0.0014 0.192 0.052 0.199 0.0045
60--120 0.0014 0.106 0.052 0.112 0.0045
120—180 0.0003 0.043 0.027 0.048 0.0030
180—240 0.0004 0.021 0.024 0.031 0.0030
240300 0.0010 0.012 0.010 0.019 0.0035
300—360 0.0010 0.001 0.010 0.003 0.0035

a) Reaction condition and rate: g of released solid particle per m! per hr at given condition (120 g pearled barley,

180m! distilled water, 1.0g crude enzyme and at 45°C).

b) Enzmye A: crude cellulase Type [I(Asp. niger), Enzyme B: crude hemicellulase Grade [I(Asp. niger), Enzyme C:
crude enzyme Won Mal(Asp. orvzac), Enzyme D: bacterial crude e-amylase Type XI-A(Bacillus subtilis).
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Table 2. Composite enzyme activities of crude enzymes used for enzymatic milling of barley

(Respective enzyme unit/mg solid)

Enzyme source® a-amylase Xylanase Endo-barley Barley-8- 8-1,3- Protease
-R-glucanase glucanase Glucanase

Enzyme A 1.99 2.68 14.0 2.05 0 6.00

Enzyme B 2.45 5.22 3.5 0.53 7.4 1.76

Enzyme C 15.47 — 18.0 1.00 - 7.43

Enzyme D 9.12 1.73 2.2 0.37 — 3.63

a) Same as in Table 1.
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Fig. 3. Effect of pH on the yield of two fractions of
barley during the enzymatic milling (pH was maintain-
ed at each level throughout the reaction, B; barley
flour, BGC; bran, germ and crease)
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Fig. 4. Effect of initial pH on the yield of two frac-
tions of barley during the enzymatic milling (B; barley,
BGC; bran, germ and crease).
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Table 3. Effect of temperature on the yield of two fractions of barley during the milling with different en-

zZymes*’

(unit: %)=

Product fraction

35°C 40°C

45°C 50°C

Enzyme A Enzyme C Enzyme A Enzyme C Enzyme A Enzyme C Enzyme A Enzyme C

Barley flour 70.0 65.0 70.3
Bran, germ and 15.5 17.5 14.8
crease

69.1 77.5 75.4 72.5 66.0
104 8.0 5.9 7.0 3.6

a) Enzyme source: same as in Table 1.
b) Percentage on the raw material basis.
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Tabled 4. Effect of barley/water ratio on the yield by enzyme source
(unit: %)~
Ratio (W/V) Enzyme A Enzyme C»
Barley flour Bran,germ and crease Barley flour Bran,germ and crease
1/1.5 77.5 7.0 70.4 5.9
1/2.0 75.7 10.3 68.8 6.5
1/2.75 73.5 11.8 67.3 7.2
1/4.0 72.8 12.6 65.8 8.0

a) Percentage on the raw material basis.
b) Enzyme source: same as in Table 1.

Table 5. Yield distribution and approximate composition of fractions obtained by enzymatic milling process

(unit: %)
Product fraction Yield distribution Composition(Process 1)
Process (1) Process (II) Crude protein Crude Crude Crude
(Nx5.82) fat ash fiber
Barley flour 73.6+5.8" 75.2+4.6 4.13 0.83 0.38 0.18
(72.07) (4.26) (1.32) (0.36) (0.23)
Bran, germ and 3.6+1.5 3.6+1.5 14.82 4.75 0.87 10.30
creas (6.25) (14.70) (4.80) (0.87) (12.67)
Water solubles® 15.8+1.3 13.8+41.3 27.10 6.15 3.40 0.0
(19.3) (27.0) (3.54) (3.23) (0.0)
Other losses 2.1+05 2.1+0.5 — — - —
(2.38)

a) See Fig. 1.
b) Mean + standard deviation.

¢) Numbers in parenthesis show the data from pilot plant scale production (barley 140kg, water 260¢, Enzyme C

lkg and 45°C).
d) Solid content in water soluble fraction.
e) Not determined.
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