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Solubilization of Whole Grains by Extrusion and
Enzyme Treatment
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‘Department of Biomaterials Sci. Eng., Yonsei University
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The extrusion effects on solubilization of brown rice, glutinous rice, barley and job’s tear were investigated in
comparison with raw and roasted whole grains. Whole grains were extruded under 13 different operating
conditions, where the process variables were controlled in the following ranges: screw speed, 200~300 rpm;

temperature, 110~130°C; moisture, 15~25%.

Solubilization effects of whole grains

by extrusion were

characterized in terms of water solubility index (WSI), viscosity, dispersibility and dietary fiber in comparison
with those of raw and roasted grains. WSI of whole grains significantly increased by extrusion, especially WSI
of glutinous rice containing abundant amylopectin increased twice than WSI of brown rice. The content of
soluble dietary fiber was increased due to extrusion treatment, while insoluble dietary fiber decreased
concomitantly and the content of total dietary fiber was not nearly changed. Extrusion improved the
dispersibility and swelling effects in comparison with that of raw and roasting grains.
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Table 1. Extrusion conditions of cereals

Sample Temperature Moisture content ~ Screw speed

0 (%) (rpm)
EX-1 130 25 250
EX-2 130 20 300
EX-3 130 20 200
EX-4 130 15 250
EX-5 120 25 250
EX-6 120 25 200
EX-7 120 20 250
EX-8 120 15 300
EX-9 120 15 200
EX-10 110 25 250
EX-11 110 20 300
EX-12 110 20 200
EX-13 110 15 250

AEMYE IR 324X
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4&2] FFo UEle 4P Q3 84 AR B Table 3. Solubilization of glutinous rice by extrusion
LA FWSD, &, IFA% 2 FEXIFHEY g 7 Samples”  WSI (%) C(gdl)  [nl(dL/g) Cl
7 Table 2~5°] Uehigict. AAZos A8 9 Fe A8 RAW 4.60 00920 01553 00143
o Blal k&P sl FELAFE A FrtsA RO 243 0.0485 0.2946 0.0143
ol UEAE HAHoAN FWEE sFEAEl o AR EX-1 67.93 1.3585 0.8202 1.1143
37t 2AE. w8 Age) o3 HlHEA B} vhgn EX-2 68.33 1.3665 0.8259 1.1286
(non-starch complex polysaccharides)’} A|EH o 2 HE] 48 EX-3 69.10 1.3820 0.8786 1.2143
3l 82x7] wRolrjeioln, EX-4 68.48 1.3695 0.5842 0.8000
#0](Table 2)8} &) %L%L(Table 3% Hlwe wE e EX-5 66.13 1.3225 0.9182 1.2143
goﬂ %}EH]E‘%E S%—% ord=AY ghael o9 slo= g EX-8 71:35 1:4270 0:5306 0:7571
LT;}-' O}E’zi%ﬂ%t EHE@?_] branch-on-branch ?‘fﬁ% ;!'TL_" EX-9 69.98 1.3995 0.6125 0.8571
Z4)% T (branched polysaccharides) EA] o] 27] 2 EX-10 69.13 1.3825 0.7647 1.0571
shAAQ] kAo Eo] ofd 2R NARRS Bl EX-11 65.45 1.3090 0.8512 1.1143
AETo =M 337t AR ueka] ol 2H e o) ol EX-12 64.05 1.2810 0.9479 1.2143
=S A By 2o Ay} Lolsld ALAOT MBI} A EX-13 69.98 1.3995 05308 0.7429
ojuby, giglgo] H24E YJEAEY uE A o3 DRAW: Raw cereals, RO: Roasted, EX: Extruded.
Table 2. Solubilization of brown rice by extrusion Table 4. Solubilization of barley by extrusion
Samples”  WSI (%) C(gdL) [n](dL/g) Cn] Samples”?  WSI (%) C(g/dl) [nldL/®) Cnl
RAW 1.925 0.0385 0.1855 0.0071 RAW 4.12 0.08235 0.5204 0.0429
RO 1.60 0.0320 0.2232 0.0071 RO 3.28 0.0655 0.6543 0.0429
EX-1 31.15 0.6230 0.7108 0.4429 EX-1 17.78 0.3555 1.0046 0.3571
EX-2 34.15 0.6830 0.7321 0.5000 EX-2 22.45 0.4490 1.1136 0.5000
EX-3 31.63 0.6325 0.6776 0.4286 EX-3 20.65 0.4130 1.2452 0.5143
EX-4 38.95 0.7790 0.6418 0.5000 EX-4 34.25 0.6850 1.2930 0.8857
EX-5 34.1 0.6820 0.6075 0.4143 EX-5 23.68 0.4735 1.2068 0.5714
EX-6 30.43 0.6085 0.8217 0.5000 EX-6 16.98 0.3395 1.0940 0.3714
EX-7 35.78 0.7155 0.6988 0.5000 EX-7 25.53 0.5105 1.1753 0.6000
EX-8 42.48 0.8495 0.4877 0.4143 EX-8 29.00 0.580 1.1823 0.6857
EX-9 39.30 0.7860 0.4907 0.3857 EX-9 36.53 0.7305 1.3689 1.0000
EX-10 38.23 0.7645 0.7288 0.3571 EX-10 24.10 0.4820 1.1263 0.5429
EX-11 39.30 0.7860 0.6361 0.5000 EX-11 31.60 0.6320 1.0398 0.6571
EX-12 38.98 0.7795 0.6414 0.5000 EX-12 27.60 0.5520 1.0870 0.6000
EX-13 40.60 0.8120 0.5630 0.4571 EX-13 33.63 0.6725 1.1046 0.7429

DRAW: Raw cereals. RO: Roasted. EX: Extruded.

DRAW: Raw cereals, RO: Roasted, EX: Extruded.
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Table 5. Solubilization of Job’s tear by extrusion

Samples” ~ WSI(%)  C(gdl) [l (dL/g) Clnl

RAW 3.08 0.0615 0.2323 0.0143

RO 1.63 0.0325 0.4396 0.0143
EX-1 28.05 1.1235 0.8519 0.9571
EX-2 29.80 1.1780 0.6791 0.8000
EX-3 28.55 1.1065 0.8005 0.8857
EX-4 30.8 1.2035 0.4629 0.5571
EX-5 27.64 1.1180 0.8561 0.9571
EX-6 30.11 1.1135 0.8083 0.9000
EX-7 29.06 1.1020 0.8426 0.9286
EX-8 33.17 1.2580 0.4429 0.5571
EX-9 3221 1.1955 0.5736 0.6857
EX-10 2991 1.1490 0.8206 0.9429
EX-11 25.73 1.1545 0.9157 1.0571
EX-12 28.78 1.0915 1.0078 1.1000
EX-13 29.62 1.1855 0.5543 0.6571

DRAW: Raw cereals, RO: Roasted, EX: Extruded.
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Table 6. Water solubility index of cereals
i Barley (%) Brown rice (%) Job's tear (%)
Samples” - - -
Extrusion Extrusion+Enzyme” Extrusion Extrusion+Enzyme Extrusion Extrusion+Enzyme

EX-1 17.78 3220 31.15 41.25 28.05 42.60

EX-2 2245 35.65 34.15 4272 29.80 41.85

EX-3 20.65 33.82 31.63 41.82 28.55 41.26

EX-4 34.25 35.76 38.95 43.18 30.8 42.22

EX-5 23.68 3424 34.1 42.86 27.64 4227

EX-6 16.98 36.14 3043 41.95 30.11 4221

EX-7 2553 33.51 35.78 41.22 29.06 38.67

EX-8 29.00 33.34 4248 4422 3317 42723

EX-9 36.53 34.61 39.30 42.54 3221 42.29

EX-10 24.10 30.29 38.23 41.61 2991 49.57

EX-11 31.60 31.98 39.30 42.26 25.73 4329

EX-12 27.60 32,62 38.98 43.63 28.78 41.31

EX-13 33.63 33.00 40.60 44.19 29.62 40.71
VEX: Extruded.

YFiltrase BR.



Table 7. Dietary fiber content of brown rice

g ZAAE 853

Table 9. Dietary fiber content of barley

Sample® IDF (%) SDF (%) TDF (%) Sample” IDF (%) SDF (%} TDF (%)

RAW 9.31 1.90 10.21 RAW 10.53 6.55 17.08

RO 8.38 2.04 10.42 RO 9.19 7.76 16.95
EX-1 7.66 252 10.18 EX-1 7.88 8.19 16.07
EX-2 6.91 3.03 9.94 EX-2 7.19 8.93 16.12
EX-3 835 2.26 10.61 EX-3 7.97 8.68 16.55
EX-4 7.79 2.26 10.05 EX-4 7.13 9.52 16.65
EX-5 6.97 2.66 9.63 EX-5 6.58 9.65 16.23
EX-6 7.70 2.31 991 EX-6 6.51 10.08 16.59
EX-7 7.83 2.18 10.01 EX-7 8.20 8.81 17.01
EX-8 7.94 224 10.18 EX-8 6.95 9.83 16.78
EX-9 7.99 2.26 10.35 EX-9 6.74 9.27 16.01
EX-10 7.56 2.81 10.37 EX-10 7.86 9.19 17.05
EX-11 7.27 2.05 10.32 EX-11 7.23 9.15 16.38
EX-12 821 2.30 10.51 EX-12 7.64 8.38 16.02
EX-13 8.18 231 10.49 EX-13 7.53 8.60 16.33

YRAW: Raw, RO: Roasted, EX: Extruded. YRAW: Raw, RO: Roasted, EX: Extruded.
Table 8. Dietary fiber content of glutinuos rice Table 10. Dietary fiber content of Job's tear
Sample” IDF (%) SDF (%) TDF (%) Sample” IDF (%) SDF (%) TDF (%)

RAW 8.18 2.03 10.21 RAW 13.51 2.06 15.57

RO 8.02 2.15 10.17 RO 13.45 2.23 15.68
EX-1 7.33 342 10.75 EX-1 11.22 3.69 1491
EX-2 7.53 2.70 10.23 EX-2 10.98 4.22 15.20
EX-3 7.61 3.02 10.63 EX-3 11.78 2.60 14.38
EX-4 7.53 2.82 10.35 EX-4 12.65 3.10 15.75
EX-5 7.91 3.01 10.92 EX-5 11.31 4.31 15.62
EX-6 6.89 4.07 10.96 EX-6 11.38 3.98 14.36
EX-7 6.97 3.20 10.17 EX-7 1071 4.13 14.84
EX-8 7.02 331 10.33 EX-8 12.23 3.03 15.26
EX-9 7.48 332 10.70 EX-9 11.05 3.99 15.04
EX-10 6.93 3 10.04 EX-10 11.10 4.32 1542
EX-11 7.27 2.80 10.07 EX-11 11.67 3.80 15.47
EX-12 7.64 251 10.15 EX-12 1242 3.10 15.52
EX-13 7.80 232 10.12 EX-13 12.19 2.93 15.12

YRAW: Raw, RO: Roasted, EX: Extruded.
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Table 11. Dietary fiber contents of brown rice

Samoles” IDF (%) SDF (%) TDF (%)
amples
P Extrusion Extrusion+Enzyme” Extrusion Extrusion+Enzyme Extrusion Extrusion+Enzyme
EX-3 8.35 8.84 5.00 10.61 13.83
EX-5 6.97 8.98 4.99 9.63 13.97
EX-9 799 8.86 5.12 10.35 13.97
DEX: Extruded.
DFiltrase BR.
Table 12. Dietary fiber contents of job's tear
. IDF (%) SDF (%) TDF (%)
Samples” - - -
Extrusion Extrusion+Enzyme? Extrusion Extrusion+Enzyme Extrusion Extrusion+Enzyme
EX-3 11.78 11.37 4.89 14.38 16.40
EX-5 11.31 11.76 5.67 15.62 1743
EX-9 11.05 11.31 4.18 15.04 15.49
PEX: Extruded.
JFiltrase BR.
Table 13. Dietary fiber contents of barley
IDF (%) SDF (%) TDF (%)
Samples” - -
Extrusion Extrusion+Enzyme” Extrusion Extrusion+Enzyme Extrusion Extrusion+Enzyme
EX-3 7.97 4.74 4.56 16.55 9.36
EX-5 6.51 4.68 10.08 4.84 16.59 9.52
EX-9 6.74 4.28 453 16.01 8.78
PEX: Extruded.
IFiltrase BR.
Table 14. Diameters of extrudates after extrusion of cereals
Samples Brown rice Glutinous rice Barley Job's tear
EX-1 6.38+0.56" 6.50+1.04 7.74£025 6.00+0.60
Ex-2 13.54+1.07 5.84£0.50 7.06+0.65 8.76+£0.73
EX-3 14.96+1.75 6.141£042 8.14*+1.19 8.96+1.12
EX-4 12.36+1.23 12.30£0.94 14.70+0.92 13.90+1.45
EX-5 7.96x1.15 594+0.29 7.92x053 5.62+0.24
EX-6 8.12+1.71 6.18£0.60 8.32+1.26 7.161£047
EX-7 10.10+0.88 7.36£0.71 9.42+1.38 6.341043
EX-8 14.12+0.54 15.00+1.56 11.804+1.31 12.68+0.94
EX-9 14.68+0.51 13.14£1.13 12.42+051 11.58 £0.30
EX-10 7.76 £0.63 9.28+0.98 7.54+0.77 570+1.19
EX-11 10461 1.39 520+041 12.90+1.98 8.10+2.14
EX-12 102011.18 6.94+1.11 13.04£094 490£0.73
EX-13 1580127 15.62£0.79 13.50+£2.59 12.26+£0.56
YMean £SD.
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Fig. 1. The dispersibility of brown rice (A), glutinous rice (B),
barley (C) and job's tear (D).
1: RAW, 2: Roated, 3: Cook-Roasted, 4: EX-2, 5: EX-6, 6: EX-8. 5
6
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