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Abstract
Water absorption of the major kernels (7 and 10 mesh sizes) of naked barley differing in pearl-
ing degrees at 20-50°C was investigated. The time to reach equilibrium moisture content was
reduced by half upon removal of over 20% of the outer laver of the kernel. Water absorption rate
and diffusion coefficient of naked barley of 5% pearling degree at 40 °C were faster about 1.5 and
2.8 times than those of unpearled one. The activation energy of hydration for unpearled naked
barley was 11.5 kcal/mole, which was decreased by approximately 0.4 kcal/mole upon increas-

ing the pearling degree by 5%.
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Introduction

On the water absorption by naked barley was
reported by several workers®®. One of the dif-
ficulties in studying hydration properties of naked
barley is that the kernel sizes are not uniform. Yun
et al® demonstrated that the predominant kernel
size of naked barley was 7 mesh, followed by 10
mesh kernel, of which comprised 86-94% of the
total kernel, and that diffusion coefficient at 40°C
increased as the kernel size decreased.

The purpose of this study was to investigate
the water absorption kinetics of major kernels (7
and 10 mesh sizes) of naked barley differing in
pearling degrees.

Table 1. Average yield of pearled naked barley

Degree of pearling Yield Milling time

(%) (%) (sec)

0 100.0 0

5 95.5 40

10 90.5 95

15 853 153
20 80.4 200
25 75.5 242
30 701 305

Corresponding author: Kwan Kim, Department Food
Science and Technology, College of Agriculture, Chon-
nam National University, Kwang-Ju 500-757
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Materials and Methods

Materials

One variety of naked barley (Saessal-bori) was
sieved to obtain 7 and 10 mesh size kernels.

Naked barley was pearled with a Satake Grain
Testing Mill (Satake Engineering Co., Japan) to
remove successfully outer 5% by weight of the
kernel. The pearling yield and milling time are
tabulated in Table 1.

Determination of water absorption

One gram of naked barley was soaked at 20°
50°C water up to 48 hr. From the weight gain of
the naked bariey kernels the moisture content was
calculated.

Analysis of water absorption rate

The water absorption rate of naked barley was
analyzed by the following equation according to
Becker®:

m -m,=kvt (1)
where
k:f;(mpmg; SV YD @)

In this experiment m, was determined from the
moisture gain of naked barley kernels by soaking
at 40°C for 15 min“®. The volume and surface
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Table 2. Cimension of naked barley

Pearling Length Width
yield(%) (mm) (mm)

Surface  V/S
(mm3)  area(mm?) (mm)

Vi
Lw olume

70 4.67 3.15 1.48 242 4.16 0.58
75 485 3.19 1.52 258 4.35 0.59
80 5.05 3.29 154 286 4.66 0.61
85 525 324 1.62 296 4.82 0.61
90 544 330 1.65 3.19 5.06 0.63
95 5.64 3.42 1.65 3.46 5.35 0.65
100 588 3.44 1.76 3.6} 5.57 0.65

KJFST

Table 3. Inital moisture content (m,) and equilibrium mois-
ture content of naked barley and time to reach EMC after soa-
king in water at 40°C

Pearling yield me EMC Time to reach EMC
(%) (gHO/g. wb) (hr)
70 0.1173 0.8925 24
75 0.1182 0.8955 24
80 0.1183 0.8965 24
85 0.1183 0.9024 30
90 0.1183 0.9059 30
95 0.1184 0.9061 30
100 0.1275 0.9064 48
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Fig. 1. Water absorption during hydration of naked bar-
ley at various temperatures.

area of naked barley kernel were calculated, on
the assumption of a prolate spheroid, as described
carlier.

A relationship between diffusion coefficient
and soaking temperature were analyzed by the
equation®:

D=D.exp E./RT) (3)
Results and Discussion

Dimension of naked barley is given in Table 2.
As pearling yield was decreased all parameters
were consistently decreased. Length of the kernel
was more reduced than width upon pearling.

Percent reduction of volume and surface area
of naked barley kernel by 30% pearling were
32.9% and 25.3%, respectively.

Water absorption

The moisture gain of naked barley as a func-

tion of soaking time at various hydration tempera-
tures is shown in Fig. 1. The degree of moisture
gain was gradually increased with decreasing the
pearling vield.

The equilibrium moisture content (EMC) of na-
ked barley is presented in Table 3. EMC at 40°C
was consistently decreased upon pealring. The
time to reach EMC was reduced by about 37%
upon removal of 5-15% of the outer layer of the
kernel. However, the time to reach EMC for the
naked barleys of 70-80% pearling degrees was on-
ly half to that for unpearled naked barley.

It was reported® that EMC of unpearled naked
barleys for 7 and 10 mesh kernels at 40°C were in
the range of 0.79-0.84 gH,0/g and 0.87-0.92 g
H,0/g, respectively. ,

The relation between the moisture gain and the
square root of the absorption time for naked bar-
ley at various temperatures in shown in Fig. 2.
The linear relationships in Fig. 2 were maintained
to 120 min for unpearled barley and 90 and 60 min
at below 30°C and above 40°C, respectively, for
pearled naked barleys.

The moisture gain at time zero is an indicator
of the moisture content which is needed for the
saturation of outer layer of the barley kernel®.

Effective surface moisture content

The moisture gain of naked barley held a linear
relation with the initial moisture content, as
shown in Fig. 3. The effective moisture content
was estimated by extrapolation of the straight
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Fig. 3. Effective surface moisture content as a function

of initial moisture content during hydration of naked bar-
ley for 15 min at 40°C.

line®®.

The effective surface moisture content of un-
pearled naked barley was 0.8701 gH, O/g (Table
4). Mok et al.¥ reported that the effective surface
moisture content of naked barley (Sedohadaka) of
100% pearling yield was 0.8890 gH,O/g. The
effective surface moisture content was consistent-
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Table 4. Effective surface moisture content (mg) of naked
barley

Pearling yield (%) ms (gH O/ g)
70 0.7011
75 0.7088
80 0.721
85 0.7309
90 0.7573
95 0.7904
100 0.8701

ly decreased as pearling yield decreased.

Water ébsorpﬁon rate

The water absorption rate (k}, calculated from
the slope in Fig. 2, and diffusion coefficient (D) of
naked barley at various soaking temperatures are
presented in Table 5. Both parameters increased
as the pearling degree and temperature were in-
creased. Mok et al.® reported that the diffusion
coefficients of unpearled Sedohadaka were
0.1163 x 107° cm* min at 20°C and 0.3774 x 107°
cm?/min at 40°C. The discrepancy in the water
absorption rate between pearled and unpearled
naked barléys was reported to be the difference in
structure and consisting substances in kernels?,

The water absorption rate for naked barley of
95% pearling yield at 40 °C was higher by 0.0141
cm/min than that for unpearled naked barley
(Table 5), which indicates that the water absorp-
tion rate was faster about 1.5 times by removal of
5% outer layer of the kernel. Diffusion coefficient
was also increased 2.8 times by removal 5% of the
outer layer of the kernel (Table 5).

Relationship between diffusion coefficient and
a reciprocal absolute temperature is shown in Fig.
4. The activation energy calculated is presented in
Table 6. The activation energy of unpearled nak-
ed barley was 11.5 kcal/mole which was in good
agreement with that reported by Mok ef al.¥)

The activation energy of naked barley was de-
creased by approximately 0.4 kcal/mole upon in-
creasing the pearling degree by 5% (Table 6).
However, the naked barleys of 70-80% pearling
yields had essentially the same activation ener-
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Table 5. Calculated values of the soaking rate para-

meters of naked barley

S. H. Park, K. Kim and S. K. Kim KJFST

Pearling yield Soaking k Dx105
(%) Temperature (C}  {cm/min)  (cm2/min)
70 20 0.0352 0.9697

30 0.0421 1.3853

40 0.0499 1.9492

50 0.0588 2.7113

75 20 0.0339 0.9116
30 0.0406 1.3084

40 0.0489 1.8969

S0 0.0573 2.6101

80 20 0.0323 0.8523
30 0.0378 1.1669

40 0.0449 1.6445

50 0.0546 2.4275

85 20 0.0306 0.7389
30 0.0378 1.1251

40 0.0450 1.5981

50 0.0543 2.3266

90 20 0.0293 0.6591
30 0.0358 0.9833

40 0.0437 1.4668

50 0.0535 2.1948

95 20 0.0268 0.5244
30 0.0333 0.8050

40 0.0409 1.2234

50 0.0502 1.8371

100 20 0.0149 0.1331
30 0.0194 0.2267

40 0.0268 0.4299

50 0.0353 0.7458

Table 6. Temperature dependence of diffusion coeffi-

cient of naked barley

Pearling yield
(%)

D - D.exp(-E,/RT)

70
75
80
85
90
95
100

D= 1.1377exp(-6818/RT)
D=~ 1.1398exp(-6830/RT)
D= 1.1548exp(-6916/RT)
D= 2.9829exp(-7535/RT)
D= 5.4695exp(-7965/RT)
D= 7.9780exp(-8304/RT)
D =498.2438exp(-11545/RT)

gies. The results in Table 6 indicates that the hy-
dration reaction of celluloisic material of outer
layer is more temperature-dependent than the

InD x 10%(cm?/min)
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Fig. 4. Diffusivity os a function of reciprocal of tempera-
ture for naked barley.

starchy material of inner part of the kernel.

The temperature dependence of diffusion coef-
ficient was calculated from Eq. (3) and is presen-
ted in Table 6.
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Nomenclature

Long radius of naked barley kernel (mm)

Short radius of naked barley kernel (mm)
Diffusion coefficient (cm2/min)

Diffusion constant (cm2/min)

Activation energy (cal/mole)

Initial moisture content (gH, O/g, db)

Moisture content at a given absorption time (gH,
O/g, db)

Effective surface moisture content (gH, O/g, db)

. Gas constant (1.987 cal/mole K)

Absolute temperature (K)
Soaking time (min)
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