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SUMMARY

I. Title

Processing Technology for Fabricated Multi-grains with Physiologically

Functional Materials

II. Objective and Significance

Despite nutritional advantages for eating mixed grains(cereals and legumes),
there are difficulties in proper cooking of mixed grains,

The objectives of this project were to utilize some physiologically functional
materials present in grains, and to develop processing technology for
producing fabricated multi-grains by reconstituting various cereals and

legumes.

ITI. Scope

1. Different grinding methods were applied to investigate optimum conditions
for milling. Physicochemical properties of various grains were investigated,
including chemical composition, color, damaged starch, particle size
distribution, water absorption index and water solubility index.

2. Materials with physiologically positive function in grains were utilized for processing
of fabricated grains. Physiologically functional materials were obtained from the
various natural grains, and the effects of the materials were tested on the processing

of fabricated grain.
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3. Forming techniques for fabricated grain were investigated. Effects of grain
types on extrusion-forming were studied, and an optimum formula for
fabricated grain was determined. Size and shape of fabricated grain were
tested by several die designs, and optimum extrusion-forming conditions were
developed.

4. Quality characteristics of fabricated grain were compared to those of
ordinary milled rice. Cooking properties of fabricated grain were also studied,
including hydration property, cooked texture, microstructure, sensory
properties, effect of water added, soaking time, cooking methods, etc.

5. Effects of various materials were tested to improve quality characteristics
of fabricated grains, including starches, vital gluten, food gums, natural food
colors, and flavor-enhancing materials.

6. Commercial processing for producing fabricated grains was developed.

Large scale equipments for the commercial production were considered.

IV. Results and Recommendation

1. Physicochemical properties of various grains by milling technology

Milled rice, brown rice, pearled barley, wheat, sorghum, foxtail millet,
soybean, azuki bean, mung bean, Job's-tears, and buckwheat were evaluated
for physicochemical properties for the production of extrusion formed
multi-grain. Depending on the types of grinder used, there were differences
in particle size distribution of grain flours. Flour particle size was the
smallest in jet mill, and little differences were observed among ball mill, pin

mill, cyclotec mill, fitz mill and roller mill, ranging from 19.2~22.5 m. The
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particle size of grain [lour was closely related to color(brightness) and
damaged starch.  Flour milled with jet mill showed the highest damaged
starch(26), and pin mill produced reasonable amount of damaged starch,
Water absorption index and water solubility index had a tendency to increase
with increased damaged starch present in grain flours. Particle size of flour
could be controlled by adjusting screen size in mill, and flours milled with
160 mesh screen appeared to show the best performance in making fabricated
grain.

Grain {flours showed large differences in chemical composition including
moisture, starch, protein, fat, ash, total dietary fiber, and B -glucan contents.
Grain {lours were brighter in the following order of milled rice) pearled
barley) brown rice) Job’s-tears) mung bean) wheat) sprghum) azuki bean)
foxtail millety soybean, and most of the grain flours showed red-yellowish
color. Particle sizes of grain flours were different among various grains, and
whole grain flours tended to have coarse particle size than milled grain flours.
The amount of damaged starch(%) in cereal flours was varied from 3.1 to
11.6%, and limited amount of damaged starch was present in legume flours.
Water absorption index of grain flours was, in decreasing order, milled rice)
brown ricey sorghum) azuki bean) mung bean) buckwheat) wheat) foxtail
millet) pearled barley) Job's tears) soybean. Water solubility index was

higher in legume flours containing high protein content.
2. Utilization of physiologically functional materials in grains for processing of

fabricated grain

Genetic and environmental differences were found in dietary fiber contents

- 13 ~



of different cereal grains grown in Korea. Average total dietary fiber content
in whole barleys was 19.9%, and total A -glucan content was 4.5%. Pearling
process slightly increased the £ -glucan content, and approximately half of
the B -glucans was water-soluble. Dehulled oat groats had high total dietary
fiber and A -glucan contents, and demonstrated considerably higher £ -glucan
solubility than barley.

A milling technology was developed to produced fiber-enriched {flour
fractions. Pearled barleys could be ground and sieved to prepare A -glucan
enriched fractions with /A -glucan concentrations 2~3 times those original
grain. The J-glucan enriched fraction was utilized for the production of 8
~glucan enriched grains fabricated by extrusion forming. Brown rice flour
was mixed with B -glucan rich fraction and the mixture was extruded to
form fabricated grains rich in A-glucan. Fiber-enriched fabricated grains
were close to medium or long grain rice in kernel appearance and similar to
short grain milled rice in stacking volume, indicating that the inner structure
was reformed very tightly, Fabricated grains with A -glucan enrichment
showed 2~3 times higher water absorption during 60-min soaking time,
compared to milled rice. Cooked fabricated grains were similar to ordinary
cooked rice in hardness and somewhat higher in gumminess, chewiness,
cohesiveness, springiness and adhesiveness. Scanning electron microscopy of
the cooked fabricated grain probably showed sponge-like inner structure with
air cells surrounded by starch gel and A -glucan entanglement. TFabricated
grains cooked with rice were organoleptically acceptable in terms of sensory
parameters such as appearance, flavor, taste, and texture. While extrusion

forming enhanced the solubility of B -glucan, cooking the fabricated grain
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decreased the portion of soluble £ -glucan, resulting in reduced solubility.
Wheat bran(0~40%) was mixed with brown rice to produce fiber-rich
fabricated grains, and the quality characteristics were analyzed, including
appearance, size, stacking volume, color, and water absorption. The optimum
addition level of wheat bran was estimated to be approximately 20%. Since
isoflavone content in soybean cake was 2.4 times higher than that in whole
soybean, soybean cake was added up to 302 to make fabricated grains. The

fabricated grain contained about 2/3 of isoflavones in whole soybean.

3. Extrusion forming for developing fabricated multi-grains

Extrusion processing was adequate for the formation of fabricated grains
from various grains as well as physiologically functional materials. Formation
of fabricated grain was greatly affected by the types of grains used. The
mixing level of ecach grain flour also affected forming characteristics and
textural properties of fabricated grains. A basic formula developed was as
follows: brown rice 50%, pearled barley 20%, wheat 10%, foxtail millet 5%,
sorghum 5%, soybean 7%, and azuki bean 3%. In addition to the basic
formula, minor grains such as Job’s tears, mung bean, buckwheat, etc. also
could be added up to 5%. Chemical analyses demonstrated that fabricated
multi-grains contained higher protein, lipid, ash and dietary fiber contents that
ordinary milled rice. Size and shape of fabricated grain could be controlled
by size, shape, and number of die holes, as well as extrusion conditions.
Formation of [abricated grain could be significantly controlled by extrusion
conditions, including feed rate, moisture level, barrel temperature, screw speed,

and cutter specd, etc.
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4. Quality characteristics and cooking properties of fabricated multi-grains
Fabricated grains were evaluated for quality characteristics, compared to
ordinary milled rice. Size of fabricated grain was higher than that of milled
rice, and increased 1.2~1.3 times by cooking process. Compared to milled
rice, fabricated grains showed lower L value and higher +a value. Cooking
fabricated grains slightly increased brightﬁess and decreased yellowness and
redness. Amylograph viscosity was considerably lower in fabricated grains.
Water absorption during soaking was 2~3 times more rapid in fabricated
grains. Cooked fabricated grains were lower in hardness, gumminess and
chewiness, but higher in cohesiveness and springiness. Fabricated grain
could be added up to 30% to milled rice without seriously affecting cooked
properties of rice/fabricated grain mixture. Inner structure of cooked
fabricated grain showed smaller air cells surrounded by thinner starch gel.
While hardness of cooked grain decreased with increasing water/grain ratio,
adhesiveness increased. Hardness, gumminess, and chewiness of cooked
grain decreased with increasing soaking time. Changes in texture of cooked
grains were tested at 4C, 25C, and 70C during 4-day period. While color
of cooked grains became darker more rapidly at 70°C, changes in hardness

were more rapid at low temperature of 4C.

5. Quality improvement of fabricated grains

Various materials were added improve quality characteristics of fabricated
grains. They included starches, vital gluten, food gums, natural food colors,
and flavor-enhancing materials.  Starches, used as a binder for forming

fabricated grain, tended to cause puffing and increased adhesiveness of
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extrudates.  lowever, adding starch less than 10% did not seriously affected
the quality. Vital gluten produced stiff dough and less than 5% could be
added to give hard texture without seriously adverse effects. Adding food
gums considerably increased adhesiveness of fabricated grains.

Natural food colors including red, yellow, green, blue, purple and brown
color groups were added to improve dull color of fabricated grain. Color of
fabricated grains could be controlled by adding 0.05~0.5% concentration of
natural colors. Sensory characteristics, especially flavor, were improved by
adding natural flavor-enhancing materials such as Ginseng, Mugwort, and
Polygonatum odoraum, etc.  Extrusion formed fabricated grains could be
pearled for less than 1 min to improve grain appearance. Coating gum

solutions hardly improved hydration characteristics of the fabricated grains.

6. Commercialization of fabricated grains

Commercial processing for producing fabricated grains was as follows:
Grains— Grading— Cleaning— Grinding— Blending— Adding physiologically
functional  materials— Mixing— Extrusion forming— Drying— Pearling—
Packaging— Fabricated multi-grain. Large scale production of fabricated
grains was successfully made by the above commercial processing, and the
fabricated grain products were estimated by the consumers to be significantly
superior to previously available commercial products. For the large scale
commercial production, twin-screw extruders were manufactured, and other
processing equipments were selected, and finally factory layout was designed.
Fabricated grains were estimated to be value-added products, based on the

economic analysis of the products.
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£UY £ Azl ASE FF L TR U, B8, @, 29, 2
S, F W 0, NE, & 58 AFAM TS Agstach W@rlge

Ay Fo S AEEdesiE Faged gERe (FAFEO R

(F)4salsle] AHFES AFESAY. A SFd(Vital Gluten) 22 Biogluteng:
AbEEL o GumEiA] Agar, Alginate, Carrageenan, Guar gum, Gum arabic,
Gum ghatti, Pectin, Rocust bean gum, Tragacanth, Xanthan gum, Methocel
A4M Premium, Methocel KAM Premium, CMCE T3t Ab&st4. HAA
A2 ey, Yazde, A2 delrtzg, A8 23y, Q48
FoBUA), A MAE ()Y (FIMESToRRE AEol AL&s}
Ak FIN, & &Y, T8, TaWA, 94 F1), gAe 39 F HokA R
B AT E s

el EAEAE 9% Ay = EgFFNel AR wuj= 1999d 4

Auprl A ol FHEPomRE TYste AREEIY.
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5 R FF A8EA 99, dv], B 9, & S5, F, 8, AY, 5%, &
Sl AR ALE-E AEIE cyclotec mill(Tecator Co, Sweden), pin mill(7 %
ZIAAL,  SC-1B), ball mill(FA1714A, M 1437), roller mill(Brabender
Instruments, Inc.), jet mill(Alpine 100 AFG, Germany)2 A3t EH7)=
screen sizeE "@@dte] ZRe YAAVE A3 AMEsHeH Pl ZR
& ®EEA(20 cm-dia, US Tyler Co)& AHE3te Ao zvlol wel Eg3tsich

T E 9 A A (stacking volume)S AlE 20 g& 50 mLe wFadge 2 1

Jz FA3%en A452 &4 L0004 FA@R FA4sAch

2) o R B
Bl durgEe AACC Wl wa® FEIFE  Air-ovenH(AACC

1

44-16A)0. 2, AL KJELTEC AUTO 1030 Analyzerg Al-§35t9
Micro-Kjeldahl¥ (AACC 46-13)2.2, 32 712433 H(AACC 08-01)e. 2 4

stglon AL SoxhletyPozm =AY AHT e

el

starch-glucoamylase %% (AACC 76-11)°) & &A3}<u},
FE&44 2ol HF(SDF), &4 Aol dRFUDF), F 2AoA#(TDF) 3tk
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Prosky 2 WW®| uwel dietary fiber assay kit(Sigma Chemical Co, USA)&
AL g&te]  EA o % f-gluican &F =L ELA PB-glucan FHF2
McCleary®} Glennic-Holmese] &2 W9 o3ed B-glucan assay kit
(Megazyme Pty, Ltd., Ireland)& AM&3le] SA A0 844 A-glucan®] &
F& F B-glucan FFlA HE&A f-glucand] & W F=A2 AL

Tl HEEAEIE AACC W (76-31D)9] uwhel starch damage assay
kit(Megazyme, Pty, Ltd., Ireland) & A}-&3te] &4

4) A7

TR lAAY]= 100 g B3-S 40, 60, 100, 140, 200, 325 mesh EEAE
A}8-38to] Ro-Tap sieve shaker(W.S. Tyler Co., USA)M 2087 AgGd & 7z}
meshE F 3z e FFox FAAdt. =8 JFEY dAIAVEEE

particle size analyzer(GALAI Co. Ltd., CIS-100, Israel)Z A}&3te] ¥A4314t).

5) A%
TR ol M% = Color and color difference meter(Minolta CR-200, Japan)& ©|

fato] RANEZQ L, a, bE FA3AT
6) FIEFFAFWAD B 883 =X (WSD

SR 4RFEAR(WAD @ SE LA EAF(WSDE Anderson 52 whyo

o &AEYom B4H(WRC)S Yamazakiel W™V ofs] =44t
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ledaAdE A8 SEUE2AM Rege AWsEgo] FHE 6~70% H%
E Satake Test Mill{(Satake Engineering Co., Ltd., Tokyo, Japan)Z =3 35}%] L.
W #A#E Dehullero] o8] ZHEE 2718 groats® AzxsATh 752 A &
A& 98] FES Cyclotec Sample Mill(Tecator Co., Sweden) & #3j8}o] -4
4 ANBEE e g8 Az AH8E FEL pin mill(140 mesh 23 H)=
wgte] Azt EFE AtE W71E€F gFe 9A pin millz B2
& ARg3kaict.

. Aol w5 U

FE Holdf(B-glucan E3F) FHFWHOLE FEE standard sieves(20
cm-diam., US Tylor Co., 60~325 mesh)& A}&3t4 Sieve shakerolA] 43}
of o]t A Yror EFdo FHach HE Holdfrt Aste
aAE A7) fstols RS pin mill(ZB & 717, model SC-1B)& AH&3te] 60
mesh ©}8}9] 7}F2 B85 249 RS 325 mesh? standard sievei

IAZE Fk AAE obg Aol e FEE oA W B 2 AFse] B

o9 A T a2 Az
B-Glucan 73} &g Axes F959 & HAMstal pin mill2 E4 8
o 7tFE WE g AuztF 70%9 BEISF E£E B -glucan 73t w1 s

HE 30%9 wign sz aqFd B FEHE.

off

o] 26%7} ¥ x& 743l

Hovart mixerdlX 5¥3F & &3¢ & AFYEAY7|(FESTINA FX-40,
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etk oW EF¥YEE twin-screw

Ou

Namsung Co.)ir Al&3e] EFd2 A )
feeder® AF&38o] ¢F 380 g/mino. & ¥YeAL 2AFEEE 465 rmpm, L
EE Bl dder] 4ELYVY EERE 74 mm X 15 mm FHAHGY
o] BNy 1471E AbEste]l Adzd® dddto sz #de] Fer JFskAoh
FEHEF SR 55T dFAx710A 1242 Axste AGAE& Foq3t
9] 0w 54 7](Satake Engineering Co., Japan)® EWo] F =gy A EE oF 30
23 egAEste) 1Y f-glucano] Fsd EFER Az AcHFig. 1.
A71E 7kl o7k Aol A3t e Axe @RI WIEE 0~
40% 3 7t 79l 2& WyoR Az on isoflavone B3 EFAL 3

] 7bEef ol Fuke- 30% H7bste] Al zskd)

Pearled barley
1

Grinding & Sieving
[

B-Glucan enriched fraction

Cereal flour

Mixing
1

Extrusion forming

I
Drying & Pearling
I

Fabricated grain
with B-glucan

Fig 1. Manufacturing process for fabricated grain with £ -glucan enrichment.
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1) Aol & &4
FEARY FEA 2] HF(SDF), E&A 2ol HAUDF), & 2048 (TDF)
$eF& Prosky 59 Wyl wel dietary fiber assay kitE AF-£3}¢] =339},

84 B-glican® Aman® Grahame W9 Pe] sl ZZsgon & 8

M

-glucan FF 2 HEAH B-glucan FHLE B-glucan assay kit(Megazyme,
Ircland)& Ab&3te] &A% S F B-glucan oA B84 B-glucan

FE& W £XE 5S84 B-glucan TdFo g AEsYct

i

2) Isoflavone -4

A T R W5 05 gol 42 IN HCI 15 mLE #7bstal 120°C heating
blockel A 90&-& <t 7+rE 8| Al A isoflavone WlFAE aglyconeo 2 A 3HA ),
A bR A ANge Ao WA F WMees #riele] 50 mLE A
£3F3L WRAIA isoflavoned §&FAIZ 2w 1247F £ 10,000 rpmol Al 942
st dojz A NS HPLC BEAA&EE A4

Isoflavone] £3¥&  JASCO(Japan)Al¢] HPLC system o] &3lg]on
column& ODS #A¥g9 YMC AMS303 (46%x250mm)< A&t oo
0.1% acetic acid® 38 Acetonitrile®} 0.1% acetic acid® T3 WaterE
30070 W2 EFE &rE AbgEglrl 4L 1.0 ml/ming XA
injection volume 20 pL$12™ UV detector? 33 254 mi, ZEE 032
#4140t Isoflavone X E2 S methanold] €3 AA 0.1~25 ug/mL ¥ < 2
FE4YE A F HPLC 848 A A8l1 peak area® B &M S 248
Fra=
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ul, 715 AA S Edage] YuE

5 A S B B "ol T W EAE caliperg® Al&3ste] A3}

.11”1

A3 7 A (stacking volume) & A B 20 g 50 mLe EAdud ¥ Euw
%7[3] 3]‘9&,0111 Al I 3= Ajﬂ#ﬂ(Minolta CR-200, Japan)—g /\].,g_g]_oq %é‘]'(}’a‘:"

Zae] FREFES 1 g9 BE 50 mLe ZFHFol @i 30CAA 10~60%

ub s aA e SR HNEA

Ve aA B EFEL Ak EFE 3 g& v 7 g 4o T4 UE
aluminum -&7](61 mm id. X 36 mm)el ¥ Zk¢&e] 14 vzl =HA ¢ F
1500 mLe FHF48 22 ATA7rEd] S4537% fdA4 30 #3 A%
0 15 #7 F& B E8voeg FHwEdr E40 FHwe] gksd ¥ 4
SR YA g n2A HolFdew ie] sEIUH A AxE
o) 9e] WRAE R st FHWEE 1AZE 308l Ad Fo T&uhe] wng)
EZ3 1919 A ARE Texture Analyzer(TA-XT 2, Stable Micro Systems
Co., USA)E A-g3lo] 163 vhE A&t

b VAR ANAs ANF FAAxslNA 490 ARY QLS

o
%)
=
=
(f)
o
1Y)
o0
]
z
oo
o+
S

o

=
-
ot
[oN

o A op U dHE FAREAER

L

o gy Aol o8 oW, @, 2AZ, %, FEH NzEd BAGI of

8 997 A ez Prhe .
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3. &gl Y 9 AxdA

ARl AAE 4% FEES pin mill(BA71 A, Model SC-IB)S A& 8ko] 4]
i A& wEn = wst & FulE A 7] (Hobart mixer)o] Al nwhalglow
E3e 4R ¢ESNYNE Mg AgaAr. ou AEE dEHYIR
#2614 7] (FESTINA FX-40, Namsung Co.)& AM&3tglom o] &y
719 AYL F 23F Aol 4 mmolw, AAF] Hu HFEHEE 430 rpm
o|i1, AAFZHo] W Hrl FE&HS 150 baro]™, FA 9 Hy HELEE
200°C At}

AEE twin-screw feederd Ab&-89) 250~450 g/min AFe)oA] QA F
A9, EAPEAeE 2AFSHE 200~430 rpm, & 23~35%, SFEA
FLE 55°C~80CE A3 EFEFHds AAZE9 E&74(die hole)s
Argste] daze A&

m{ru

1000~2000 rpmC.2 ZA33 MBI EETF
o AL HAdgew £4(0.05~05 mm) APz HPE EFEE A=)
Aok AL JEAHY F AL e 9d¥ dxste FEHES 8~12%2 ¥
FQon EAYNE =Aa ALFI10°C)AA Raste] AgrIzhEete] WMt
o} A 3 i -

st gyl % T HPde EEFTEe A9 Fust A& nbt
o] ZogM Ty V)9 FEz YA FE TP HoE Axgdon, U8

e

il

P&, 2IAFEE, 7MFE, FEPYLE, A9d9 AL § ASHI=E

b y

_1]5__
Ag dyste] e TR Azl

£
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4 299 o B 2 ANSA

7b Ao =), g R A A

g wge Aol E W FAE caliperE AMEstd Ao e
Digital Camera(Sony DSC-S70, Japan)E A3t @23, 329
oF AAL AE @ o ZpAstn FEQ dol(a) R ewdEd] Fhew
H- oh 2ol 2|3 Aitsti.
o33 = 4/3 rab’
o BWA = 27b” + 27 (able)sin’'e, e=(a’-b’)/a

Eg#] stacking volumes Al 20 g& 50 mLe] w84 dgd ¥ B9z

Z 439k

U, e

Zgaol Ax= A aA (Minolta CR-200, Japan)Z L, a, batg 238 ok

t}. Amylograph 54

E4el amylograph 54& AACC WH(AACC 22-10)22 7H(13% mb.)
g A¥sls et L wrEo] Amylograph(Brabender Co., USA)E Al4-3te &
AstAct,  Al#go) amylograph bowlol ¢ & 30TCAA AWA8ed 1.5T/ming
FeHER 95C7/AA 7tdats 1583 A% F ©A 50C74A 1.5C/ming
=2 Ysgdeh, ol amylogram curved B4t TIAALE, M=
(P), A wEAe] &% 95THA 168 2 HX(), 50CE Yg4Ale HAE(C)
2 2A3}51 hreakdowns P-H, set-backe C-Poll 98] AAksl At

_39...



TEEFEY FAL 1 g9 AYE 50 mLY ZF4 21 10~30°CNA 0~

03 s s FFAL S U AR Aol oA g Fg

F5EET Beckerd A A m-me=kt, o] 2|3t AAER o, 971 m

T Y9AAZ AA Fo FEF718 (g H:O/g dry matter), mes B Yo 2745

i nd

(g HO/g dry matter), k&= FEFFEEANS(g L0/min®), t= Ax A1z
(min)°} 1t}
Ao £xHo] WE Axo WIE 20ToA 0~3087 AAS T Gge 7

W EHSRE AASL @Yo 8 AEE Texture Analyzer® A3t =33}
A,

v Fubgy

A9 W& 4e Wulg EYH 10 g& FAo dE LFE 47161 mm
id. X 36 mm)ol ¥i 714&(08~18)0& 24se FHFE H7HE v 1500
mLe] FH57E $ AR/ e FEARAAA 3083 Hukstgom 2

AAE 13 15831 F& 5 F A2oA Wzha g
e Wplgh E3E 20T FAAS dejste](0~30%) FHubskAar, A
ke g o F A 2 A ES wassi,

vl ZEte &4
Huwo] WE FTFEE Kainuma o WiPe) z& =Asadg. = Aw
015 g&

ol

F 16 mLol| £AAA FAVE AbEste] A & Alg S 2
Ml Ao Bt Aol wek Asd W ddastade Az 2z

of &A(A~amylasee?} pullulanase)S 7Felir 40°Co) A 30837 &A1 7l ohe
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c,ﬂ

}o] 348 Somogyi-Nelson®] 0.8 &A3to] A3 FaFe] vl &2 A

A B

wlu] o} &3 Fitato] kg 499 Fvle electric nose’t 327 FE
¥ AromaScan A32(Aromascan Co., England)& Ab&3to]l A3t &84
10g AEA 250 mL Duran bottledl ¥ 2ol 8 w7x WAgd o
headspaceoll Al Al g7} A=A gFujo] gk X3 (sensor element)?] 2]/

Aael WaE AN RME su 2gale BASA,

of, "l=x #4
wnjo} EEAte] HurE zAE TA-XT2 Texture Analyser(TA-XT2,
Stable Micro System)& AF83lo] 19 24 Z& buk F4E st WA=

S
B oAgE F AR WAAND o 124 doFien Fe T

f
fus)

W FAEAZRE BAs7] 98 Dol 7k dERl plastic &7]4 ¥
s HWEEZE g 1A 3080 BAdE Fo] SAsAH

Wil o} B3] 19S5 HwFo Az BFg FAT Je B dEE
Aoz 7pdA Hol TA ®lolEe &8y ALY buk FHL &
719l aluminum can 9] el thate] AR wde] A E(hardness), &
A (adhesiveness), & 74 (cohesiveness), 74 (gumminess), 4 34 (chewiness),
gk A (springiness)dll dlsted Algd 18953 153], buk FAL 33 W5 &

Astel FtAE ol
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A, AREF dA2R 54
welsh EPH SN 198 Al du AR o o)A 08

AAT NRE AN 0028k 47T, 25T, 70T AFLEAM 443 A

il

o

Aegom AAE dlAaxie] M3E Texture Analyzers AF&3le] 2383

W) o g ek 19e] Wske] 153 EA ko] o2 BHHEAY.

Table 1. Texture analyzer setup conditions used for textural analysis of

grains
TA setup Method setup
Option T.P.A. Graph type Force v Time
Force unit Grams Auto-scaling On
Distance format mm Peak confirmation On
Pre-test speed 2.0 mm/s Force threshold 200 g
Test speed 0.5 mm/s File type Lotus 1-2-3
Post-test speed 2.0 mm/s Display and export  Plotted points
Distance 1.2 mm/s Acquisition rate 200 pps
Time 10.00 s Results file T.P.A.
Trigger type Auto Force Units Grams
Trigger force 10¢g Contact area 314.16 mm
Contact force 50 g
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A Egare] WAz
Egael Ay ANE FAAZV NN 497 AZE 2L Ho AY
@ oy Ul vyl FAbxAbEn] 3 (SEM, S-2380N, Hitachi Ltd., Japan)$ A

g5ke] 7H&R18E 15 kVel Al 50M) ¢k 500 &0l A wHakatgict,

7t 3574

Hukgl yhe] #EBAS Folry] 98 15We FHE Hdg 7 d#,
F, 22z, o, 9 715 Ee] HrMeEd dis) 9FVIEHER PrheteFE 8
gon oluf AHEF WS AAEAE Fig. 29 2o Z ZE i ugAg

AEel VEEE 18 443 gFa 98 d5E & R& Y.

Sensory evaluation sheet

Date :

Name :

Sensory evaluation of cooked grains.

Dvery good 0 e +9
Good + 7
Neither good NOT POOK  weeeevsrevecarcrnce + 5
Poor = e +3
Very poor e + 1
Sample Number
544 153 859 611 052

Appearance

Flavor

Taste

Texture

Overall

FFig. 2. Sensory evaluation sheet for cooked grains
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5, Eqe FANEE AT AY

2HY T FANA A3er FEAR ARF

g

0~20%, &4 &

—(11
=

0~10%, H+F 0~2%, FANEF 001~05%, FQ FoAN2A 0~10% Bl
M A7 e BT EFERZ Az, GEAET g4 gug )
A357] 93l Satake test millE Z=A P om olu EgAol A ZHE))
hE =24dTes AT EFe 354 MAE Ydste] mYAE 8
Aed AR

mlm

05~15%(w/v) &&= M F84Aog wge] BYIE AH43)
of dAFE EFH Y oE 55T EFARIANA 1242 Az

—44_



g

A E vgstaty] 9l
mill, jet mill ¥ #AENE

analyzero] 2)3] 4% FEo P PYAATIANAN TL ZolE UEUG

}o] 21 &8 cyclotec mill, pin mill, ball mill, roller
o}

st} AR-stFen AEEE  Particle size

(Table 2). Jet mille] YA=AZ717F 743 2 gke™ pin mill# cyclotec mill, ball

mill, fitz mill, roller millel &3 FE7IFANM = A Zol7t gle Aoz Y
woh AR wrE R dAIVIE 71T EA F83 9L vA

o

AR, FRESY, ARELE, BHe A0 WasA =W Egae s

Ao & QL F Ao 2 ZAFHYT

Table 2. Average particle size(um)* of grain flours™ by different types of mill

\Types of mill Fitz Pin Cyclotec Ball Roller Jet

19.3 19.8 20.9 19.2 225 85

‘Particle size analyzer

“Barley flour
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L
3

£ QA F245 Lgol

7hee Ak
el qAasier AgE a

B oot

=
=

AEE

1.
o

o] ghA vEby
1FHEE Al

s AL etk Jet millo)

AAEE] Fol AP

Ea
L

2g7hFE

o2 AR pin milld] o8 Axg

ARHAGF 7143

p=Ngs)
= T

A

I fitz mille] 713w A YEFST(Table 3).

| 2

eve

Abgsford dg

718

GElel A

ki3

AY FE9 B4 AA

Kol
=3

ol At

Table 3. Color and damaged starch of grain flours prepared by different types

of mill

Damaged
starch

Color

Mill

(%)

35

7.63

0.92

88.7

Fitz

49

6.64

1.24

90.4

Pin

151

550

0.6

91.8

Jet

dee

AF(WADS =383 =24 = (WSDel

I

o AEEANEZ M EE jet milldlA 7FEES WA

o o] FAA He

=]
s
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ZL bl SRSAEASE 94 AREIES FHEEE F7he

rir
)
odt

& YER jet mill) A 7 A et e fitz mill®) pin millel Al Tt @k
1=

Table 4. Water absorption, water solubility index, and water retention

capacity of grain flours by different types of mill

WRC
Mill\ WAI WSI
Alkaline water Distilled water
itz 202 5.32 199 182
Pin 209 6.42 220 203
Jet 274 10.13 309 269

wne, @), ae), 3, W, 2, e, 3 8, WY, 55, &7 5 5F 2 FR
& pin mill¥ screen sizeE @& 35l (80~160 mesh) A&Estgom A7 A
B8 screen®] Z71°) weh FE YRz o] Aol g vehHl on(Table 5) ol&
ol AFxsFF) FgS FE AR YEgt, TR QJAIse TR
TEFFE R 25y F olgdy EAd glof A
°olF FAoM ol JhE EAC 4FE viAE Ao vy FEe gxt

A717F 299 E3hEe PN mAE dFE A8 e 160 WA 2=

A AREENE, FELIE

s

e AFES a7 2ol 71 A AEE 2 A2 v
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Table 5. Particle size distribution(%) of flour milled” with different screen size

Screen size . .
Particle size of flour (mesh)

of mill
+40 +100 +140 +200 =200
(mesh)
30 12.1 455 35.3 4.6 -
100 0.7 24.7 255 44.3 3.1
160 05 12.6 345 48.1 1.0
* Pin mill

B8 ARl 23Y Al ge 2R JA4asY FEYEe FHs
AL, BAGor melRne] A9 e AR/t APl W 4ol

Frol geFo] o gAs uid ARSEATE k7E Fr1slH v (Table 6).

Table 6. Chemical composition(%6) of grain flours according to particle size

Particle

. . . Damaged
size Moisture Protein  Fat Ash IDF  SDF A -Glucan

tarch
{mesh) Stare
100 8.6 10.8 0.6 0.8 4.2 5.6 5.8 4.6
160 91 119 14 0.8 3.8 3.8 54 49
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SHte] AN 1A e R AE AFEEe] e pin mille AREEle] H
Ao ARG v}EF size?] EFEA(20 cm-dia, US Tylor Co., 60~325 mesh)&
ARR-Slo] A A ste] Helstdon Aoldart ZstE FHEE I8 4 gE e

S skl @ =nARd 3 YgE 2 dxxold olgdld Ry B
3

AEAlo]lg ol gdte] Wuld, AR, F1E, Aol REE

emw o] APe We AFAR W Aol 088 $ Jou, B3 FF A%
P

s
it
)
o
N

A& zulAashd QA Fad o

HE 5 9k A0E AR ZUARAES N5HLAE §

Eaate] Azo) AFEEE Fg &

2
39 540 EFael HYEAY oW

ofi
Nz
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§l|
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=
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by

ot AnSEe BuEdy 548 A 2 5
SRPATE
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|
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o HEd A 2 A9
w2y APET AN 4% Auke Table 73 Bk HYFES F 2630 g
¢ 1323 go FRAM ®9T ¥, BT, W, 2, AY, @ul, W, 550
20 go AHE ZHske] vehal
FAE F, B, 5T, &7, 95 go] &Fo] 2 AN Etom uv],

3~26 cc MHAANA ME vz,

wolglen & 21 go 2 w$ 1 FE

-
=
(i)
M
4
+
i
[\

Table 7. Stacking volume and 1,000~grain weight of various grains

Stacking volume 1,000-grain weight
(cc/20g) (g)
Milled rice 235 19.3
Brown rice 24.0 20.7
Pearled barley 252 29.1
Wheat 25.7 36.2
Foxtail millet 24.3 2.1
Sorghum 255 187
Soybean 31.8 263.0
Azuki bean 28.0 132.3
Mung bean 270 49.6
Job's tears 285 67.6
Buckwheat 27.8 22.5
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FEHY SHAY Azl AEHE FFYG TR AW, Avl, wew, A, =,

T, T, 2o ek 2Ads BAY A Table 83 Zvh. HE dFe 9

v 84.2%, vl 779%% AM MY w2 29 FoA 68~69% AT Ao
vl R o] 595%, Weol 551% o2 EAENY. RIYWE =AI xag

o el va) ARFdel W WY W fdue FFow s WAFR

&gl A el AHAA Ho] g&d Fo ARFF] 5% ol A 9
Aoz nn'a v o wd 5%E 247 375%, 385%° WAEHF
of e HiE& ¥Fste Aoz veEwRc. &S WY dEE 737
44.9%, 49%= A vhEiol vla tha we FFolAd

g ol gk wim 813%, Aw| 8.07%E ®olA b gkm By, W 2

Frol A Zhz 11.19%, 12.7%, 99%, 121%2 FAbstA Jvetgd. F§%Ad I3
weol wd e 27k 381%, 25.0% o, olx Fo wud
434% WAL el A4 23~27%#T F0 Aste} fAEAT ¥ W
WA g BI%E Ueht TR dud gael gt &% duggtge
172%%2 ke mie 123%9 @9de xgate Ror A0
Avpel el flolM s Wm7F 0.72% % b wgka v, Held, el 2~
3%9] AWe FHAew F4E 44%, T 50%E F7 w4t =5
3~5%9 A& 58" small millet?] foxtail millet(Z)9] free lipid ¥
& o 5.0%E W@ up gk TR Fo AL 188%F MY ¥}k

Fr el wbdoel e 05%E wfg WA FAE HAFHU

wRol A 117%%
=
ARgFe Wusl 043%2 A R m Fu, wAR, W, F, F5eA 12~

ﬂq’
¢

1.7% A¥olo A zZyl #ol7t flloew F #H EHFNMsd~5%Z A Yebui)
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Table 8. Chemical composition(%) of various grains

Moisture Starch Protein Fat Ash TDF £ -glucan

ry

Milled rice 11.21 84.23 813 0.72 0.43 5.56 0.04

Brown rice 9.25 77.86 8.07 2.70 1.36 8.33 0.05

Pearled 947 5946 1107  3.00 118 1801 316
barley
Wheat 783 5513 1272 233 173 1868 058
Foxtail

’ 938 6875 9938 501 153 808 0.13
millet
Sorghum 1006 6844 1211 422 151 836 0.06
Soybearn 6.76 156 3812 1884 539 4716 005

Azuki bean 11.71 3754 26.02 0.45 451 29.29 0.06

Mung bean 11.05 3861 28.69 11.69 4.06 21.69 0.04

Job’'s tears 3.91 44.91 17.19 6.41 1.86 9.83 0.15

Buckwheat 9.50 49.01 12.29 261 3.61 21.78 0.04

SFo} vide B EFFL 47 1.9%9) 36%E U =ded Wde 39 gy
E X ¥ JEE BAANER A WED A2 AAY.

F 2 o) F(TDF) %2 o7l 56%2 7 ¥ e &dv] Z, oA
8% Ax fow RIYEFH WM wprh F, B, 15 FAoHF F
47.2%, 29.3%, 217% = SF Hls) A3 e Aom vEyd. &7 4ol
A e 98%Hen YA Fe vEE 218%E & F£AE FUY.

o 71578 AelAfrd A-glicand FFAM= 27 7 @l Fi3k3d

K
il
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okl wHol 06%2 °oF7F XEsllow Lowe & R 4 F

1)
<)
2
=
ri

0.19% o)}z w)a] sl o},

o =g A%
FUM Az AHEE BEW QT s2o] st ARAS A gt =7

& M Table 90 Vel vk TR qee =48t FFo] A7E W

Lo

o} Rujo] oA Lgkol ztz; 97.239F 93992 ¥skern =AAME I4A &
, T, 8, 29 £22(91.33~8249) Lgto] ¥gen F
] Lgko] 60815 71 ofwA vetw. FE9 agd 4, F, WY, 2, 49
Fom MLyt Egow g muddA musA vehyd HAze] gl
Mz zpolE vEylow £ Wb XFqA (H)FAE B olgY B iz
o HAG Hu Qe AR Uewth batd A EE FEAM (DY FAE
GeERI s FalA s w1, =, 57, WY, 4, a5, 89, 294, 8,
mle] =0 bgkel HAAhdte FAT oy N2 AelE vehdiidh

FE FF wEl T Ao) vhakgte] R NS Ad S AP

GA = ol FE AT pericarpH testa o EAFE ETHEA I

& v, &Y, WF, U

&

1=

&

A

Nl°

, & phenolic acids, flavonoids, anthocyanidins 18 3L tannino 7] Q1 ),

e
i

&
&

T g ozt carotenoidsE FH3tEtl 447]el= lutein, zeaxanthin and
B ~carotencol £¥9 Aoz BanHRF",

dato] Lt ¥, v, H5dA 2z 362, 423, 44622 olF Woen d,
Z, @dn), &, 54, A, &5, Bl ¢og WA YEEd. 4% agd
W] @ A Thh HA4g HYD g FEEL AL RAFHoH bk
e BT (427620260 A M2 FNEE YEgit

lo
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Table 9. Color values of various whole grains and milled flours

Grain Whole grain Flour

type L a b L a b
Milled rice 68.10 -0.66 +9.04 97.23 -0.40 +4.44
Brown rice 59.93 +2.94 +16.39 91.33 +0.52 +8.22
Pearled barley 74.06 +166  +12.62 93.99 +0.39 +7.74
Wheat 52.96 +560  +15.26 86.53 +1.97 +9.92
Foxtail millet 53.80 +1.73  +20.26 82.49 -0.99  +156156
Sorghum 60.92 +8.03  +16.15 84.47 +4.65 +9.61
Soybean 60.81 +3.97  +20.08 60.81 +3.97  +20.08
Azuki bean 36.17 -791 +2.75 82.79 +2.22 +7.14
Mung bean 44.60 -141  +11.56 88.30 -2.07  +13.29
Job’s tears 72.64 +2.80  +14.88 89.96 +0.76 +8.34
Buckwheat 42.26 +4.63 +8.77 74.64 +262  +10.44
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SFEHE mE SR dAAaziE Adel A 54T 23 gAY ®
¥E3= Table 109 #Zd. #Mvje] 4xpar)E @vle] dAA7] o Hls) ozt 2A
UERsEEE] o dAurt lAAarih ddiAes & nREe s dEd
Ao dAF. e Fe ZFo] AAHUZ el dA4Z717h 3t &
& Aoz vuygkew We e g Byl Wi EokFel ns) 9
AZ17F 2A dekkd. 9 dxkavle M A7 w2ged ol T Ad
dieoi s Ao e Yol M o3 FaHE= Fol HIl el ohd
7F AbmE AT @ s T RAr]E g9 80%0lde] e F
65% ©17gol 200941 skl 2L YAz JAAVIE FiH oz 2 HolYrh

Lo

575 8% AE7F 60Wl A A ofde] Hol A7 FHow mEE i)
140w 4] o] 8} 325vl|4] o] el Wl AR

40

20 r

Average Particle Size (um)

\&'\{\\Q' ‘\6‘; >

Fig. 3. Average particle size of grain flours measured by particle size

analyzer
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Table 10. Particle size distribution(%) of various grain flours

Mesh size

+ 40 + 60 + 100 + 140 +200 +325 - 325

Milled rice 0.04 0.39 244 29.94 39.94 27.44 0.31

Brown rice 0.10 2.65 7.06 35.96 32.34 21.56 0.01

Pearled 0.05 107 093 7.69 822 8094 110
barley

Wheat 010 762 1141 1391 847 5754 095
Foxtail 024 1176 1883 3382 3058 444 002
millet

Sorghum 166 848 1916 2576 2596  19.00 -
Soybean 4950 2729 1395 518 283 119

Azuki bean  0.08 0.89 4.23 12.28 1.36 68.27 12.89

Mung bean  0.03 1.18 2.86 21.19 11.44 59.19 4.08

Job’s tears  33.09 52.14 6.01 5.10 3.36 0.27 -

Buckwheat 0.08 6.73 7.01 11.01 43.66 31.25 0.26

* Sieved by sieve shaker
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Aee Wu, @n), 4, B =5 udolA zZ}Zb 246.8, 234.3, 2473, 257.3,
]

Do
&
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%
o
lo
HU
By
X2
lo
A
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BN

, RElg &7 2z 2254, 208.3, 2004, 196.1

o7 tix gkt FY FEIZFAFI TEFAA 16228 A 9 e

rr

d ol Feo Aol mrjuEd Aow: waHdr. FEFFAFE A
o, wiE 3, d=sk wRe) gk nAW, oA, AugiiEe] FoA
WAIZ} 7H @& Ao g vebsty)

FREANEAFE FHAN £/ vepded, 2 3152 AAHA wRon
B3 ®F9 A 1617 17008 Eo} neude] T B ¥ HRox £55 0
dot g4 B9 ¥%0 & Aoz Yy THNE &) uu)
Z> W) P £4) e £om kol 47~81 WY Fow Wug F¥
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FEEAEAFI A B
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Table 11. Damaged starch, water absorption index(WAI), and water solubility

index(WSI) of various grain flours

Damaged starch

Grain type %) WAI WSI
Milled rice 9.89 246.81 1.70
Brown rice 10.55 234.31 4.65
Pearled barley 538 200.43 6.10
Wheat 6.06 225.38 7.15
Foxtail millet 10.03 208.34 7.45
Sorghum 1091 247.33 5.00
Soybean 0.52 162.20 315
Azuki bean 1.44 257.31 16.05
Mung bean 2.00 253.52 17.00
Job's tears 11.52 191.66 8.05 -
Buckwheat 3.13 248.63 7.50

...59_



A2Ad 22 7saAY T4 2 MBS

.
k=i

B ol ol2rbA] Aelggd g de] EAste] ARl e e
doha AEA glo] EFA Az old W FEe wAsY. T
= AzseEd QR E FARZA drls o] e wad A2 o)

u (2"
o
tlo

MER % 771 e gl o o JUREEL F2 uP

rLN

A st Eg® W o= Aoy #, tocotrienols, B -sitosterol, oryzanols, ¥ ¥ 3} %]

oL
2

T U FERAER ¥F ZU2HE AL BMe wra ousx
AeA 237 e Ao d¥A .

A, BY, ALt Wg P gRrEe] THE 230 ERG Fe HojHs
€ R gl oo WE & V1% g FHHoT ATy IW Fo o
Aol 955t BESFAWAFF v Lo] Eow HolHKe 5 5 P
o8 g fFEA EE HI A2 V%4 22 Rryn Qg T I8

isoflavone®] &&-& %A &14]ch
1L 2y 2 A9 oA &4

7b Heldf % A-glucan 3%

AEHo2 Be e % oz 398 TRz FudLZAm
HEFAFEE Aste] B3} wae E4o0) ARHY oy HMEAo Mz u
B3 HEY AR 24709 oldAR 5 /1EH WA vha ugH s 2
A Sl 2HE AR S At ayU ReE BEe A4y
FEE7] A o8 AN nERE, TR, doldaEe TRgna® oy
BE EANAHE JEYEL uo FHUA HAE 5 vl B3 was
B-glucan FFo] 3~6%= o] 50u), Dol 7v] o] Folr} F§5 0] 9 Ao



frae Fa8 nFolr e st

welel B-glucand 584 duvh 84 duz 245299 g -glucan?
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£ 15~28%°] Rxg velon FgdNol NG FFL 47~81% REE 1o
B&AA )R E106~197%)0 vs] ERN gkt s8N RE BB
glol A wWrl AR thAh w4a ZA ARt WAy Arerog 4842
ool el wuth. I BydAe F f-glucan #EL 3.3~56% H
e 65~70% HANLEE A3kl ZAd 9 FFE AAR Ao

)
o
fru
of¥
ko
Z
2 w

-glucan %L 35~71%=2 ZF78td . B-Glucand A= 8}
g shed Al FH2HE] ASE HAUTE FEARLE TH49 o
el tEn, By 7MY w%n(8d 445%) 1 thgol 718 @54%), &
A (1.53%), H(0.54%)°] wolow e o] £3E AR EAHAD
e AT 2 gl AR v ESANNAFY HAaZ 2]
Ad el AAsA EAEU oM (Table 12) £ F F4ol4dF % 2An
gob gr oA A Zolzk vk HeEd=e 84 B-glucan FFS 14~
33%° HEQLm F f-glucanel HF &4 B-glucan®] WEEZ vetd §3
(%)L 43~61% M9l ol o W 7hgo] 84 Aor gyt nAw
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_61..



Table 12. Dietary fiber and B -glucan contents(%) in barleys

Dietary fiber B -Glucan
Soluble Insoluble  Total Soluble Insoluble  Total
Whole barley 6.62 13.24 19.86 2.43 2.02 4.45
Pearled barley  5.39 4.26 9.65 245 2.68 513

AYE HLoxm ogstuz e FH T} T8 713 v AAGR
o AR FEsden B FHA vlE A 22SEEFAS AR FA)E
Ay g o] Ehth(Table 13). A ZR$EQ F2 o)X 4
1545%2 EA o] 2oldf gFol wA Yeiwow FEANHR FFe
4942 F%9| ¢ 1/33EY. AY 22LEY F f-glucan IS 437% A1
T84 B-glucan FFol 369%U FHo] FE&A FEo] UBAEE AU
(Table 14). g ARZFE HoHRFE AR 27 JddAYes 754l
EE T84 HoldH(8-glucan ¥ o] EA byt

Bk £

i
ro

Table 13. Chemical composition of oat groat(%s)

Starch Protein Lipid Ash

53.75 15.82 9.25 1.75

- 62 ~



Table 14. Dietary fiber and B -glucan contents(%$) in oat groats

Dietary fiber A -Glucan
Soluble Insoluble Total Soluble Insoluble Total
494 10.51 15.45 3.69 0.68 4.37

3gaRH AUH0E FRE /154 HoldR HEA A-glicand FE 5]

oflr

B -glucan®] $igo] %2 FHALAE EFR 7HFAFAN Hrbste LS AT

2

Sk B-Glucano] %she #Eo AzE Aa 24 % Aol o9 BF
o@ ARFAL FAANCT f-glucans] FFE AMe] 2~350 74A] F7HA
sto] ayY TPl ALEFAL

U=
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_.!)‘(

P 7)<

|

7“ l;l

T
Ol

)

. B-Glucan 743t T3{® AZEA
Balo] B-glucan 3 WHlozm HYH RS pin mills AMLsIY HER

F{L‘.

2 ahEh v olE REAR APste LHFOEN B-glucan®] FFe] Ft
g Rud 5 Ak ov 325-W4 A ARSI diRRe] ulAF B
LAAES A% Fdstn F2 QA & ne)d Axy 25 A
A gdEA Rska wA 9P Mxee dqEHd F4EIA 8
~glucan®] ol F7hakA vk Aol W& JRE OA Birlz E4sm
326-vlH AR AAstd FEse VAT dAES T O A2 H de] A
of ¥ ¥ 7HF & B-glucan®] FFS FAE 4 ANUTH

welg ARel f-glucand $4% A3 (Table 15) & B-glucan FF2 36%
A ol E8d W 84 B-glucane] ZZ 166%, 1.84%E A=At 4

)
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J
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~glucan®] &35 526%2 VEbRh Aol o HIE westF Gl
= F B-glucan &) 687%= YuH Y 2 FFEOFE ZrtsYgon BLA
3 84 B-glican FF GA 27 310%, 3.77% 2 U7 Belde] on] Ax
2 yetge ZEy ARE AEste B4, AF 2 JFET W) 93 g
—glucan®] 23} AT7olA B-glucan FFL A9 3u| o}374x &= v glo
U 2 AdME B f-glucan®] FHAFES AX gk ols AR R 9}
AAEHAM Aol7h A7 WEQA Reg AaHgle, 3 g9 ® g oy
2t g2 guFe shEAEe 9d Mo EHRAET WA= wzho)
= B-glucano] ¥& FEOZ FHHo] Y|P o]F B-gluicane) A2 A&

ke 9E5E AEHoR 8 5 vm A,

Table 15. Total, insoluble and soluble B -glucan contents of barley flour and

B -glucan enriched fraction”

B ~Glucan content (%) Solubility**
Total Insoluble Soluble (%)
Barley flour 3.60 1.66 1.84 52.57
B ~Glucan
6.87 3.10 3.77 54.88

enriched fraction

* Values are means of triplicate determinations

* Solubility = %@ %100
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o Azbe T Zolk FYPEd AIFdu E¥ FAE 2UEH FAS A

o yepgrl,
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Table 16. Size and shape of fabricated grain with B -glucan enrichment”

Length Width Thickness Length/Width
(mm) (mm) (mm) ratio
Milled rice 4.94 2.84 2.20 174
Fabricated grain
7.15 241 2.38 297
(+ barley flour)
Fabricated grain
(+ B-glucan enriched 7.26 257 1.95 2.82

fraction)

*Values are means of fifteen measurements

Fig 4. Appearance of fabricated grain. A: milled rice, B: fabricated grain with

brown rice flour and pearled barley flour, C: fabricated grain with brown rice

flour and A -glucan enriched fraction.
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& e 2042ge] s ReElE H7MR EFast f-glucan A EE AT
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mlell B-glucano] Zstd W& A iste] A xdoz GEAFH yR=
Aol AulstA FAHE & F AU EFHe UL A9 ¥IlE Y
Bl Lgko] wivjol] wlg) ol oFfled ReEste A EFBMRY B
~glucan 73S HI7ME E3RAA FF o ofFE Ao JeERd. agt
o] (-)gkell nlal AL (D& B AANEE veddew, bate A
Wl o} §ALE Al L) e Aoz el
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¥

Table 17. Stacking volume, 1,000-grain weight and color values of fabricated

grain with £ -glucan enrichment”

Stacking 1,000-grain

Color
volume Weight
L a b

(ce/20 @) (g)
Milled rice 24.0 20.42 67.52 -0.51 +10.38
Fabricated grain

24,0 28.88 5H.78 +3.64 +11.38

(+ barley flour)
Fabricated grain
(+ B -glucan enriched 235 26.40 54.16 +3.71 +10.10

fraction)

"Values are means of triplicate determinations
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A WelE £3 10RolM 30% Alole] gl £ Fasgion o of
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Fig. 5. Changes in water absorption of fabricated grain at 20C. @—@:
milled rice, Il—M: fabricated grain with barley flour, A—aA: fabricated grain

with B -glucan enriched {raction.
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2}, B-Glucan 73 &5-de] dx @ BFEEA

Au7pFol HeEgshF EE B-glucan 5 FEE 2 30% Hrbete &4
g Azst P& FFE ZZ(hardness), 4 (adhesiveness), cohesiveness
(83 A), gumminess(F4), chewiness( ¥A)), springiness(¥4)8 =2 38lo] W
uls} Bl S tH(Table 18). R#7F5& H7F S AN v 250 g
o= winle] 433 gof HlE] A 2% WY B -glucan 78-S A £
o] B 462 go® Wn et fASHA vesth =¥ wEsbE AU EFe]
A4, A JAME Welo] vl kol f-glucan 73 EFES WuE
& A deEth $uAY @4 Wuuyg ReslRy B -glucan %8
EE H7ME EFE EFNAM o wA JErwrh REAFE wuo) mlE) 1
Y7HF A7k B-gluican A3t E EFoAM HA3 wA vdewd. B
~Glucan 733t &¥& H7HE 9482 Wujet Frrt fAbst R A4, A, &
JA, &4, &34 glo] Wmuc ik A4 JeEhd #2717 Jon dax =
oAl Wnjel AA oAl fle Ao AGHUY. HF HEYLS w54

T3} A matrixol] o3 Kol Slo] HHE] H{o] AAH L FHute] upE&

He

e Boksh daAe) JFE v1F Ao Y4, EFA Aol g
FRS ey RO ALE FUAT Qe FEE FIANT AQPE ol

F&Agol F71ed 4 Q1o cellulase X zlo] 28] & wlfA ¥yl i 1

7} HAwule] Ax g BAaAYm RS Z A7 ¥ a®e b 9o},
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Table 18. Texture profiles of fabricated grain with £ —glucan enrichment’

Springness Gumminess Cohesivencss Adhesiveness Hardness Chewiness

Milled rice 0.704 168,929 0.391 -5.529 433.345 170.122

Fabricated grain

0.798 133.226 0533 -22584 250.393 106418
{+ barley flour)
Fabricated grain
(+ 8 -glucan 0.771 252,700 0541 -34631 462.223 192.287

enriched fraction)

"Values are means of fifteen measurements.

A 7hstol R B-glucan B3RS Hrbste] Az EFEL Wl
o} 3:7¢] W& Mol Aud Egub wrlwoE AT wYae B 54
& s A3 Table 199 Ueliigich. Wrlol S Mol Aud T4
& NZHAR FuelA e A, gu, B 5 Wt gl %, 2w Hxade Y
Fhapsol glolM ssAFsE Ayt el s vhh Wskont 98 HmolA of
THow WeA NEAdel $EE Bew uyryth RAAFE WG EFu
B-ghican #3388 A7he EAGe BEHOR @ Aoz} e, me

A B-glucans #Fatste] Aelr)sidel w1

i
ol
ﬂ
rE-

A ke A A EA ol

Fzd Fae g s Ade AAE A
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Table 19. Sensory evaluation of cooked fabricated grain with S -glucan

enrichment
Overall
Appearance  Flavor Taste Texture B
Palatability
Milled rice 8.55 8.54 8.30 3.09 8.42
Fabricated grain
7.16 6.81 6.84 6.84 6.76
(+ barley flour)
Fabricated grain
(+ B -glucan 6.95 7.22 7.21 6.66 6.98

enriched fraction)

vl B-Glucan 73} Egae] w2

B~Glucan®] #3td R & AMEste] FEAFY Axd EHE A A,
Fo] nATEE SEMe o8& B3 ARE Fig. 69 &k FAwd S -glucan
Ze g R L Add Adusta WA 43¥E Ao ARHI
om EFtde HuF zFL 2EX BYY wlg v FuHE FFH US
& & F AU HANE A FRE ALY Isd wE PFew AT

air celld} ABAZo0=7 o] 9o f-glucan fiber7}t AREAZ Alojo] w]A s}

e

i Edd PETEE 3

o

sta] AEX] AL HAFE Aog AMRHUT
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Fig 6. Scanning electron micrographs of fabricated grain with B -glucan

enrichment. A: after extrusion forming, B: after cooking.
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BMF ZAWE Table 209 Ve itk g3 & f-glucan FFE 248%
2 98 B8 f-glucan &9 o 70% FEo)Ur). olv Harrt i)
T glE A-glucan FFL 3 ALY FHF YRS ALTUW By YR
EFuE S 3062 St f-glucan FFRANA BI|EZ A AF A
o] Azs A fAF Gl A ANE FUTh FEHIF EiHa
284 2 F8A f-glican FFL 217 062%, 1,86%E HsF5ol vlE g
A B3l Zad WMl FEH REE WA Z/HE Roz eyt 2 4
#9] B-glucan B3 EFEL B
3 60l o] 3g Ffaa Q' Ao EAHATh

B -Glucan 73} E&AE Fwg Fo) AT F f-glucan S 244% =
A Az Ao ztolzt Aot B84 B-glucane] 3ol HukAol w2
) olAe® ZrbEha FE4A F¥o] Zasle] f-glucane] 340l Al HA
A "oldg wel FUd olE REE Zxd @ AAAYES A HeA
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w3 AH ZRAAYNME F57H58 f-glucand] F& FaAE AR
9} §AFES Bk
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—glucan EkdoA Mulel 0.04%P) s

- 74 -



Table 20. Changes in total, insoluble and soluble A -glucan contents of A

~glucan enriched fabricated grain by processing”

B ~Glucan content (%) Solubility”
Total Insoluble Soluble (%)
After extrusion
2.48 0.62 1.86 75.00
forming
After cooking 2.44 1.35 1.09 44.67

*Values are means of triplicate determinations

Soluble % 100

* Solubility = Total

2. 47 &e &8

A2 9k 83%<] Mf-4-(endosperm), 15%¢] 7 (bran)¢} 2% vl o} embryo)
2 A Eo) len #2]d(epidermis)®t 9 (seed coat)’t FAAECZE FAH
"71&(wheat bran)2 4o AEA] BAEZ o =d EF o) diste] oF 1
5~20% A dgdr. dr|gde 39, F9, Wlf, TES Z bjo} o] E
e ol A dHE oF 40~50% A= FRIF HHdd% Fr1E 2 uEgwo
e A AFAAR A Ak 1980 A FEFEE 3] (ICC) 3] 9olA
LR et wad dgH o 7hed Aol fd FAA "7E ol

B0l Q3= HolHfol %ol 7bg @, Aol WAL EIA} U§ fHEST

h’d
12
A

Aol iz V1A mpel B84 2 o]4df(Insoluble Dietary Fiber)et 484

2 0] 41 (Soluble Dictary Fiber)® FHi% &4, cellulose, hemicellulose?] & %-<}
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lignin & B4 HolHAzA okAst WAL, BHRY

pom AHos £E 5

A o FAHE FAAA WHE 3

d540 de MR A FoG BHLA0E AT B vATE
T RAE S dubl wek AgEe g4 2

719 EEr Fa3% a9ew 4gtt, ¥ hemicellulose, pectin, gum, £

(microstructure)?} vl &

—glucan 5& +84 HoldA2 By, A, 7/, 49 S g3, FF4H ¥
145 AFAY 99 WEES 3Ad 729 gelz AT FEE woA
A9t 2N dFarY FFE =A F3 F cholesterol FAE FFE 4
e

R FRAAN FFol EAE HoAdFdL Wnle g, g o
W 8% FU2uE #Fo As, AR e oA, xe7e FeAd
ol £4%7 2 A BN @F 5o d¥8E Fate JdgHd oHE
71AY, W7 &A= cellulose, hemicellulose, pentosan 53 #2 &8z HA
Aol wor 43l F4&o Yol LRy tho]olE AFiAE A e
Ao delA, HuUldt Lo Aol o) AP WU EFE AR &&
33t |

7 @71 %9 serey

U4k BEE 5708 HolWHE RAF AF(Table 21) FE4 4010 Rst ¥
SN He 47 36~39%(FTF 3.80%), 11.4~126%(H#F 12.07%) XX
om BEW Ho)df $FE A AoH vhehA @ob FHelAF FFol o
16% A=A Wl FHoldfolA F4H BEH Yo ¥l 247 23.9%¢}
761%% A3k,

Wel Aol oJa A4 brand) oA =YL BHE Aue Table 229 2
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ol av)Eel A 228%2 AWl 62.3%° vl AAs A W wE Y
Z1%e] A, A, AP (. YrlE e FACNAT FHE 442%%
Aol 37 Aw olxlen B-glucan & Al AW vl HAA =
ghch. wbA Al RAEQ Wrlge] 9 AlRR AMSHIE AVEE WA HE
AL gre W) Aolilh AARA HHs] #8E dayel e ez &
A= ek

Table 21. Chemical composition(%) of domestic whole wheat kernel

Dietary fiber

Starch  Protein  Lipid Ash B -Glucan
Soluble Insoluble Total

62.25 16.56 1.95 1.68 0.54 3.80 12.07 15.87

Table 22. Chemical composition(%) of wheat bran

Total
Moisture  Starch Ash Protein Lipid dietary 8 -Glucan
fiber
572 22.80 3.90 17.78 3.69 44,15 1.65
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2o w719 A7) ol 10, 20%0 M= ZHele o] Fulzwt J¥ g o
H &) oFzk wkokont 30%, 40% HbelAM e Heole} %ol Friste AFE Mt
Y71&o HArtFel FRTE FA X ol APES EFELE L

LEE Aoz ekt

Table 23. Size and stacking volume of fabricated grain with wheat bran

Level of . ) .
Length Width Thickness Stacking volume

wheat (mm) (mm) (mm) (cc/20g)
bran(%s) €

0 6.97 2.84 2.22 235

10 6.77 2.82 1.96 23.0

20 6.88 2.80 1.89 24.0

30 7.12 297 1.79 24.0

40 6.93 3.06 1.70 24.0

...78..



Fig. 7. Appearance of fabricated grain with different levels of wheat bran

A: wheat bran 109, B: 20%, C: 30%, D: 40%.
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dnlo] Wr1&e AE Az TP Axg 249 A9 LA 0%
ol FAA A ok ol M ARAMT agte WL HrbFe] TG ul
g Frkste] AARZF Fobdl whd bate zhaste] A7l geigth 20T
A 30% Beh AAT F EYY TR FRFFES WIS WAFe] F
Fol wpeh Fhstel Wl FEFSA &

Aol 7hg 53 FAE AP Ao sty dvlel 5 5 e W%
=z

S-S AA s Table 24). &3

o

44 AEEL oF 0% Ao

Table 24. Color and water absorption(%) of fabricated grain with different

levels of wheat bran

Level of wheat Color value Wate1'~
bran(%6) . ] A absz);))tlon

0 54.63 +2.99 +10.47 56.82

10 58.11 +3.90 +8.16 62.12

20 50.87 +4.87 +71.52 65.58

30 51.22 +4.84 +7.43 70.76

40 50.18 +4.83 +6,63 74.58
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phytic acid, trypsin inhibitor, isoflavone, saponins To] e &A o] U 7154
g We A gk Feo gy wgA<Qd isoflavone . ®  aglyconedl
genistein, daidzein, glycitein® ¥x 3 mFAEo] 128 984 9.  F9
isoflavone+> diadzcin, genistein. Isoflavone % genisteine ¢HAl X o] F Ao 3
ool BaE Asiste]l dPAdd oA T 4o HAIIEe] Rudde. EF
estrogen rcceptor®} 2§38l estrogen $4E WLE = G A WA
& Al gl

T 718 AAE 88 e dFE, dFhE FAE Ty
isoflavone ¥d& WA A= Table 269 2k, 9 daidzein 3
genistein 3%-& Zhz} 31.44 mg%,‘ 48.14 mg% = genistein®] ¥Fo] Ekow
ol5& T isoflavone THE 7958 mg%R EAHJUL.  Fol EAsE
isoflavone?] ¥ FF E AuigAo we} gE2A RESFE AewE Hudg
up vt A ke jsoflavone -2 daidzein 80.31 mg%, genistein 112.27
mg% = ¥ 19258 mg% 2 WEbgh. diFute] &A)8tE isoflavoned] ¥#o] u
ol sl 240 719 A JERY isoflavone?] 4% FFAdol FAH U}

rjoll dfFuFE 30% HItele gEAPEt EF/Z Alxsc. drldd ol
TS 30% ST Aol ¥ isoflavone T 4951%% o o 2/3 A A
o o]& FEF YT o) E isoflavone FHL 5832mg%E F7HI AT
(Table 26). UlF4E /A Az 7 5 e £#F82 F 30%7HA A A

2 Uk Rk
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Table 25. Isoflavone contents of soybean and soybean  cake

Isoflavone content (mg%)

Daidzein+Genistein
Daidzein Genistein
Soybean 31.44 48.14 79.58
Soybean cake 80.31 112.27 192.58

Table 26. Isoflavone contents of hrown rice/soybean cake blend and their

fabricated grain

Isoflavone content {(mg%)

Daidzein+Genistein

Daidzein Genistein
Brwon rice + Soybean
20.22 29.29 49.51
cake blend
Fabricated grain 24.41 33.91 58.32
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Fig 8. HPLC separation of Isoflavones in soybean(A), soybean cake(B), and
fabricated grain extruded with brown rice/soybean cake blend(C). 1: Daidzein,

2. Glycitein, 3: Genistein.
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Fig. 9. Appearance of fabricated grains prepared with different cereals. A:

milled rice, B: brown rice, C: pearled barley.

Table 27. Characteristics of fabricated grains prepared with different types of

cereals
. . . Stacking
Length  Width Thickness Lenght/ 1,000-grain
Cereals\ i volume
(mm) (mm) (mm) Width (g)
(cc/20g)
Milled rice 5.55 2.72 2.55 2.04 1798 24.0
Brown rice 562 252 2.40 2.23 19.60 24.3
Pearled barley 510 2.37 1.90 2.15 20.08 29.0
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Fig. 10. Appcarance of fabricated grain prepared from brown rice flour with

different levels of pearled barley flour. A pearled barley 10%, B: 20%, C:

30%, D 40%, E: 50%.
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Table 28. Size and stacking volume of fabricated grains prepared from brown

rice flour with different levels of pearled barley flour

Stacking
Level of barley . .
Length(mm) Thickness(mm) Width(mm) volume
flour(%)

(cc/20g)

0 6.97 2.22 2.84 235

10 6.87 1.99 2.82 24.0

20 6.93 2.13 2.82 235

30 7.11 2.24 2.51 24.0

40 7.08 2.01 2.60 256.0

50 6.36 1.63 2.57 24.0

Table 29. Color and water absorption of fabricated grains prepared from

brown rice flour with different levels of pearled barley flour

Level of barley Color value Water
flour(%) L a b absorption(%)
0 54.63 +2.99 +10.47 56.82
10 54.64 +3.46 +11.54 7152
20 56.13 +3.37 +10.88 65.56
30 55.78 +3.64 +11.38 68.63
40 56.06 +3.83 +11.79 70.22
50 55.53 +3.98 +12.22 79.63
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Eatol AbgE Ao Firol wE E3FEe] ¥ 2AXE Texture analyzers Ab
|ote] FA4% AN(Fig. 11) Wnje] ws) dAvjef ¥Winlg H7st THE A+
o ANy wWulel fFAREA oY e 30% HME AgTeE =2A JEhwo

Rl Arkz AEEE LTRSS il AP Ee] AT "dolA zZ 7

drje] HA gl mE Sftae] "HAHd glojMe HWE 10% H7tEAE
A M wekd ol £ x3tE WIEF Fol EiU] wWEolw dn|
30~-50% N A= Moo ket AA Zelrt gle Ao FAHUG(Fig. 12).

TRl Az Ml Hrge /AL W PR AxE I/ME
BEFE Kol F= A (Tig. 13).

2g W 9AAE 249 ARE Fig 149 2o Be) FFo)

==

o}
&

2%, 19, 11%2 F/HE W £ AEE F7H0 wae] wel FFol 2%,
8% % F/H9e A3 AwE Fastdrh

_89_



2500

2000

1500

1000

Hardness (g)

500

Fig. 11. Hardness of cooked fabricated grains prepared with different types of

rice.

A: milled rice(control)

B: fabricated grain (brown rice 30%)

C: fabricated grain (milled non-waxy rice 302%)
D: fabricated grain (milled waxy rice 30%)
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Fig. 12. Hardness of cooked fabricated grain with different levels of brown

rice.

A milled rice(control)

B: fabricated grain(brown rice 2096)
C: fabricated grain(brown rice 30%)
D: fabricated grain(brown rice 40%)
E: fabricated grain(brown rice 50%)
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Fig. 13. Hardness of cooked fabricated grains with different levels of barley.

A:
. fabricated grain(barley 0%)
: fabricated grain(barley 109)
: fabricated grain(barley 2096)

BNl

milled rice(control)

fabricated grain(barley 30%)
fabricated grain(barley 40%)
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Fig. 14. Hardness of cooked fabricated grains with legumes.

: milled rice(control)

fabricated grain(soybean, Azuki bean 0%)

fabricated grain(soybean 2%, Azuki bean 3%)

. fabricated grain(soybean 7%, Azuki bean 3%)
fabricated grain(soybean 17%, Azuki bean 3%%)
fabricated grain(soybean 7%, Azuki bean 8%)

: fabricated grain(soybean 7%, Azuki bean 13%)
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3. A= wien A4

FH7% FRE TSt A AAZ ez AdFol M gE dastA FE

548 W, 9, 55, By, ToF Ho3y, W, 4, SFFe AMF

o] £3] BolAl AlAS] AFom duiA k. FRY F& A F{HEM 2
th& e 2% sorghum(Sorghum bicolor(L.) Moench, 553 millet®] git#o]
o milete AurHOoZ  pearl millet(Pennisetum fyphoides), proso
millet(Panicum miliaceum, 7)), foxtail millet(Setaria italica, %), Japanese
millet(Echinochloa crusgalli, 3), finger millet(Eleusine coracana) -3 %33l
Aok FFY LIF(HFH HY FL&E UAIA FES Feted dERE
L7t &3 et Aty ddE FE A, KBY, F, 71, 2o oAIkA
FAog A& g B Ao mEAE 1 o]dE 4o e U= @
o 239 FAAA FHe T8 wht e Aolrt i3 Al wE &
F AR KR E), U(F), BUID), BE =5 I)F B EE (o]l £
k. Fge 22g AAY 253 nlas] BE W, B, Fo] FFoR =
oj7tx 1 ¢Jo) 71, &, ¥, A 7hEHE 27kA 7 o EFEHE Aol

LIuks) zhol Ao B, 4, V%, 2 T34 # U F o2 5 7R
g Hgs] EFetd Aus o) Ayl REW YIRS uFH Z 5 4

£ ez @ 9AA A% TRE dvHom JRAL FHRO

o r1
flo
JH

4

W

2
of whet WA, A, s ¥ T ook Frid, vEl 5 g FdEl
Adol 7] Mz e S48 Jedn 3 22L& FHe I/ F
3 e BY FHE A3 94 RS FTEEA olF 4 U =%
o), B, &5, Y, &%, T 5 IFF 2 FHAE AR Agd=d

of EAlste] AAUAA FoF M-S st Ao ¢z Ytk
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=Y o] Azl AgE dse] wigulE dn 30~100%, R 0~
40%, 8 0~30%, & 0~5%, ¥ 0~5%, F 0~17%, & 0~13%2] HlA o
Fote] Azspglon] zizte) JHE E4E ZASAT EFEY tehy B
Toobuit YdA A V158 aewt duof VR E Table 309 2ok =
g 71 el 23k el vid, T, &F F AR FEL 5% oJUE &

F AN 4 AU

Table 30. Basic formula(%) for fabricated grain

Brown rice Barley Wheat Millet  Sorghum Soybean Azuki bean

Asaate] ZEmEn e o8 4P EFEY o] ol £ )
g vjgt may 43 FHEE we FHITH FA gEHE AR ddY
(Table 31). 7] Q=g 71&ugulel ¢ TFFEA A& F &9
T AE, FEEFFAT, FEEAEATE 43 AAE Table 329 #rh. &
o] Lk Wi vtol ofFglow adt bake ozt FUkEtATh. EFIE
o] FERFFATE 243010 em FEA P 3 EFAA 3842 FIHE ukdd
o FEEINEAFE 1720014 1222 ZFa3Fu )
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Table 31. Sizes of extruded multi-grains with selected cereals and legumes

Average Average Average
length width thickness
(mm) (mm) (mm)
Milled rice 439 1.84 1.62
Extruded
xruded 561 2.70 2.06
multi-grain

Table 32, Comparisons of some properties between multi-grain flour and

extruded multi-grain

Color value

WAI WSI
L a b
Multi-grain flour 84.37 1.20 10.31 242.66 172
Extruded
xiruded 79.67 2.08 1158 38447 122
multi-grain
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5

Y gl AWHEE EAste] Un) et vws it (Table 33). =¥
%

L D

ERae ARggel Myt wgtet wua, Ay, B, FAol4G &
A ok % StEel el WE JFHY BFL olF & AU EH o

el 7A Sk el S A Bl o] wimle] REE Fr1E A v

A= ATt

Table 33. Chemical composition(%) of milled rice and fabricated grain

Moisture Starch  Protein Lipid Ash TDF

Milled rice 11.21 82.23 8.13 0.72 0.43 5.56

Fabricated grain  10.34 66.42 12.02 1.34 1.53 9.51

4. Ejbel av] 8 d

&

FEAGYPe A5 B, 4P /5T BAFAUAA ol Foj

&A4to]l 7hEdtH A&V EET(die)2] designg th

A

b

R

ol
2
ot
o
=
©,
e

sheto] wE el Welel As1E we] Foes o X ez 2HAY

IS A3 ¢ e AR JeElyth(Fig. 16, Table 34)
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side

Fig. 15. Design of extruder die.
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Fig. 16. Appearance of fabricated grain prepared by different extruder dies. A:
milled rice(control), A: 5 x 0.8 mm rectangular die hole 10, B: 4 x 1.2 mm
rectangular die hole 27, C: 52 x 1.5 mm rectangular die hole 16, D: 74 X 15

mm rectangular dic hole 14.
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Table 34. Properties of fabricated grains prepared by different dies

Length/ 1,000-grain Stacking

Length Width Thickness . )
Width weight volume

(mm) (mm) (mm)
fom m m ratio (g) (cc/20g)

Milled rice 493 2.82 2.03 1.79 19.93 22.3
Fabricated
grain

A 4.87 297 2.22 164 2494 235

B 4.02 2.00 1.40 2.01 812 24.75

C 561 2.70 2.05 2.08 24.37 23.50

D 7.28 2.75 225 2.64 32.43 22.50

A 5 x 0.8 mm rectangular die hole 10
B: 4 x 1.2 mm rectangular die hole 27
C: 5.2 x 1.5 mm rectangular die hole 16
D: 74 X 1.5 mm rectangular die hole 14

~ 100 ~



% TESF
exyl Efael 91yl & JFgE vAA Hied skl wol EFEY s
gtfo] rolAW QB EEH&HES WA Rokol AXW FEFFo] How
EE&wrt =uld moo] Foixt A velth FEA¥ELE 94 =¥
g 3ol 9ge] & AFS v AW WHLES FolXA HYE JFEo] B}
o) Az deje] P& okrlsAnh

2%y PR AFxE pin millg ALY 249 FEMFE A WlF
Hlz uighet F wAvielM wutste E3dE 95E $EAF7IFESTINA FX
ool osl APt old YEAHIEAL FEYRYG EET designol o
g} gt A 9t twin-screw feeder® AME3 989 FYEE 250~450 g/min,
AAFEL 200~430 rpm, 7H5FE 23~35%, FEAFLE 55~80°Ce WA
zA3te Aol Aadd. EEFF E&T9(die hole)Z 5~75 mm X 1.0~
18 mm 2719 HAZHY E£ eldde] dez =] ngg sew, 17
= 27)e] AgAys Abgstn Aol AAEE 800~2,200 rpmol M A Z
Uil E&e 748 005 ~ 05 mmE fX8te 2 FHZ AT F AN
=2
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A4 - EeEy F4

Jjm

4L Ay 39

=

1 3] Aty 54

7b. &3 e =)

A ugalel] s tEAES S Hw %

[

- F 9y W Aare] w3
& 2 A3k 42 Fig, 17 2 Table 363 7ol v Huko] wpe) 7o),
., FolA 11~14n9 WAS Bl FU=U(Table 35) £HY Eh4el 4
Som Hubd wrk of 1.2~13u AE F/F8kvH(Table 36). 3 whag 5ol 2
ehfje} Aol Mg, 535Ho] whEl Aate] wAe] dojun] Ho] HYLwWE A
o 25WE FEe Aow Husglrh

Table 35. Changes in size of milled rice by cooking

Average Length Average Width Average Thickness

(mm) (mm) (mm)
Before cooking 5.06 282 2.08
After cooking 7.04 3.14 2.37

Table 36. Changes in size of fabricated multi-grain by cooking

Average Length Average Width Average Thickness

(mm) (mm) (mm)
Before cooking 7.28 275 2.25
After cooking 891 3.17 2.82

* Values are means of fifteen measurements.
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Fig. 17. Appearance of fabricated multi-grains.

A: before cooking, B: after cooking.
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u £ A

Z2Yy T HAukd - & FUANEE MAAE ALEsle 4% die
Table 37, 38% #t. =YY EFAL Ao UWrlE yehdis Lake] Winjo] n|
3 ol oJF & Rom dEEH. Wvs HUE Ao 4t o FYA = A3

i

o2t

JlRo ZHY ETFHE AYo] Yol AP HAT. (DA Afolx A
MEE, )Y A%ole SAEE Jehe agtel 29 e (e ey
ol52 ARVs} AR O 2HY ERAL KF (D@ Y A%} &
A debgt 298 e ANed ad b Awad wa) tha vl
A AT} 28R

Table 37. Changes in color of milled rice by cooking

Color
L a b
Before cooking 66.49 -0.28 10.70
After cooking 68.56 -1.37 3.29

Table 38. Changes in color of fabricated grain by cooking

Color
L a b
Before cooking 52.67 3.85 10.28
After cooking 54.34 2.58 9.43

- 104 -



o}, &4 amylograph £4

TG AR Ee] grEAE S E3bdo] wslel AmylographE Z 3o wh&

01

Mol waks wWvie] Ao Blawste] S Ad= Fig. 17 % Table 399 2
th, IR FIMALEE T43CE Wulo 675C Ml Egou $EA

d

d EFAL 626THE ol HuPmE Wue] 1180 BUC W] 3=
EZFEY] AEgFol o]
AA3] wgk] Wi Aoz AGHAT. FSAHIE eFE9 HuPEe 248

BoA 264 BUR A3 @gred o

rr

BU.2 E338 1o o3k o Hojgoh. E¥FE pastes 95CTAAM 1023 A
Ree 2ol Hxel Malyl Zx) @gked 50C AR} 575 BUE Z713He set
backo] & Ao & eyl AL EFFEA vlE 50T =7 199 BUE

wrolx] set backeo] gkl

Table 39. Amylograph pasting characteristics of multi-grain flour mixture and

fabricated grain, compared to milled rice

Gelatini- o . .
; Peak Minimum 50T Break Set-  Consis—
zation
) viscosity viscosity viscosity down back tency
emp.
(°C1)) BU) (BU) (BU) (BU BU) (BU)
Milled
. 6750 1180 520 1020 660 ~-160 500
rice
Multi-grain
. 74.25 264 160 575 104 311 415
mixture
Fabricated
. 62.53 248 64 199 184 -49, 135
grain
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Fig. 18. Amylograms of milled rice(A), multi-grain flour mixture(B), and

fabricated grain(C).
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Fig. 19. Changes in water absorption of fabricated multi-grains. A: milled
rice (20C), B: fabricated grain(107C), C: fabricated grain(20°C), D: fabricated
grain (30C).
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Fig. 20. Relation between the moisture gain of fabricated grain and the square

root of the absorption time.
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v Fgte] g A xR

du) ol EFEE FHF 0~308 AAF F 3o o @] FEwg
& AYE dde Fig 213 29, 9y £33 108 F9 A=7F 4654 golA
20%2] 2,085 g, 30l 1,308 g2 &3t EFA] Axe Wnld vz A
vglon $23 10, 20, 3059 47} 1782 g, 916 g, 354 go & Wolx Ax W

37 & Ao2 veEryth

5000
W Milled rice

[ Farbricated grain

4000
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Fig, 21. Changes in hardness of rice and fabricated grain during soaking at

207C.
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3. EHel AWEA

7h AR whE e 35t %

e Airve AL 14~16% R Ao B8 A F JMEEA ¢
kol 65% ullQl Whe wEe ZYAAS BEE ALE, ¥ 42 &9 7
0~80%% AX st Ao sste] Basnt™. el ARPL ATLzHoA o
E AR go] EA3=1 protein body, Hl5-%, AlXH o &A= g H§
& 24202 A vk wWn ok E3pae] 7:39 wlgR 4)o] FHutsHA
Nujel EPPe] 35 E F4% A Table 408 2t FH WAt ©}E 3

)

r

st Wuc el kgter] Wu: 0%, Eae 208 o4 Aws
Qe W 95% ol4el TIEE RATh TEWY FWATRL PRAED &t

Aol 2§e Ao et

Table 40. Dcgree of gelatinization of milled rice and fabricated grain during

cooking

Cooking time Gelatinization degree (96)

(min) Milled rice Fabricated grain
10 5354 77.82
20 84.61 9.16
30 95.27 98.45
40 96.80 98.20
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. Edae] AnE ga

kel 349 HrdA AL MY Fad AnFe shrteln] xHD
e e wd Az st I, g gojelg gdEde 4E4YY
HO 2o w“so] glom texturometerg o] &3+ Okabed] W “®e] o
g 2ol1 vt B APelME EFPWL AT F Texture Analyzers A4
sto] gae] A%, RAA, ¢4, A4, YA, 2L 0o o Wy
o} B w31t (Table 41, Fig. 22).

EEe HOMF AR 17602 W9 46400 Hls] =LA w2 wbde] Ea
o e AL Z+7t 0835, 054302 wWnl o] 0835 0.3989) Ml EA UE
wok. BAT QAR QoM EFol Wule] s wksich, RAYL Wi
9] 30699) EFHE 573627 ek HS Ao wE AR T}t U
Aol FFL Fiub EFB ASole LIFE B ol FHH AeolA
Al AEEy] WEe) Aol Zrw & Ax Aoz AlRIAT. EFAyte
Ak el ws) AT QAo v} i Astm
34 2 Aol AA Bridx: 2R Aoz FrHIAeW s E4A

A oAzl A& A2 AIHU

FEE vl g4o] ¥

=3

Table 41. Texture profiles of cooked milled rice and fabricated grain

Springiness Gumminess Cohesiveness Adhesiveness Hardness Chewiness

Milled rice 0732 184.790 0.398 -3.059 464.297 141,604

Fabricated grain 0835 124029 0.543 -5.136 176.152 103598
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TFig. 22. Texture profiles of cooked fabricated grain compared to milled rice.
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ok E8e] Mxwa

Aol EFAE 0~60% Hrbste]l HAwkd - Fo AeE £ A7 Table
429 zrh. Mu)o] Lghe 64480100 Ee] Al &eo] ol wet L
gkol 61.56~54.28% srolzx] o] F-9 ATt  aghe WMulo 0034 EFpae] 7t
o whe} 1.03~3.98% FobA AHAxrF Fhsrlen byt SR At ut
& W37t A9 it

FHukZ ol M= dujoAM Lito] 6605w T@d&el Hslol upel 6345~
55459 WAZ FAwetride] wisl ozt wiskrh.  Wwle FHyke]l o3 aghol
-0500.2 HAE Ue e A4S HoRgtel wet A +agte] AR 9
Batglovt AAH R agtd HWdo v oA HUrk FAEE Yk
= b3 WA FHukg yropyow Egato] Huigko|l FUMEsE FHubA -
9] bt Aol A2 AFE HAUTh

Table 42. Color of rice mixed with different levels of fabricated multi~grain

Lev-el of Before cooking After cooking
fabricated
g(rﬁ‘)“ L a b L a b

0 64.48 0.03 10.51 66.05 -1.50 4.37
10 61.56 1.03 9.24 63.45 -0.82 3.24
20 60.24 1.91 9.86 61.12 -0.14 4.64
30 58.47 158 9.40 60.43 -0.15 3.88
40 57.11 3.06 10.34 58.22 0.76 575
50 56.87 3.39 10.06 57.04 1.08 5.93
60 54.28 3.98 10.55 55.56 1.29 7.46
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A fab CLgel Wl Aot EFES 40, 509% A ESWAAE ol
S aFome Yol ANt webd TEEL Mol Frhstel AW o
el A 30%AAE e o Hurd Qv W Fule] glolA
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Fig. 23. PCA(principal component analysis) plot of cooked rice with different
levels of fabricated grain. 4: 100% milled rice, ll: 10% fabricated grain, @:
20% fabricated grain, &: 30% fabricated grain, @: 40% fabricated grain, A:
50% fabricated grain.
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Eepe Mol 10~60% F7Fske] g S8 #eHQA 549& U
A3z Table 433} v} EFpde] Hrbge] T/l wet 23, &, %, 9=
Aol HrrgEoA dedert Wolxeh EEY M 10~30% MM e H ot
FEoA g 7~84e] Her o £ Aoz FUEHAY 40~60% H7)
ojdell M= 5~6319 ReHAFE do] #eH VIR BoHe AR ey
ool =YY £ oY JHA FE EFer o) Fojx] Fule o &
I} Ha Zpelrp o Rl A A} k3t xpelzh Y] REA Ao oA
Ao EENeE AAEY B s IA dFE vAA = HR &

el AN oF 30%7tAQA Ao R HrhE S

Table 43. Sensory scores of cooked rice mixed with different levels of

fabricated multi-grain

Level of

. Overall
fabricated  Appearance Flavor Taste Texture .

; palatability
grain(%)

10 8 7 8 7 7

20 7 7 7 7 7

30 7 6 7 6 6

40 6 6 6 6 6

50 5 5 6 5 5

60 5} 5 5 4 5
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Fig. 24. Scanning electron micrograph of milled rice. A: before cooking(50X),

B: after cooking(50X), C: before cooking(500X), D: after cooking(500X).
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Fig. 25. Scanning electron micrograph of fabricated multi-grain. A: before
cooking(50X), B: after cooking(50X), C: before cooking(500X), D: after cooking
(500X).
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Table 44. Texture characteristics of cooked rice with fabricated multi-grain

by water to grain ratio

Water/grain _ . . .
Latio Cohesiveness Adhesiveness Hardness Chewiness Guminess
0.8 0.420 -0.106 826.85 826.85 334.93
1.0 0.407 -19.8 5855 148.665 238.546
1.2 0.393 -24.357 486.4 116.926 191.089
14 0.404 -34.503 4139 100.331 167.93
1.6 0.376 -43.039 387.15 85.637 145.565
18 0.388 -45.936 294.15 66.672 114.736
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Fig. 26. Changes in water content and hardness of cooked rice with fabricated

grain by different water/grain ratio.

- 123 -



70 50

- Water content 45
—— Adhesiveness

Water content (%)
. mom @ o s
o (&)} [en] (8} o (9] o

Adhesiveness (g)

]
(&)1

0 1 ] 1 |
0.8 1.0 1.2 1.4 1.6 1.8

Water/grain ratio

o

Fig. 27. Changes in water content and adhesiveness of cooked rice with

fabricated grain by different water/grain ratio.
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Table 45. Cooked textural characteristics of fabricated grain soaked for

different soaking time

Soaking
time  Springiness Gumminess Cohesiveness Adhesiveness Hardness Chewiness

(min)

0 0703 203927 0301 23555 529060 146292
10 0678  187.233 0.404 -4T11 463577 127906

Milled rice
2 0712 175582 039 3349 452185 15721
30 0683 170.132 0.392 3484 434775 115693
0 0.821 92709 0537 23952 174585 75938
. 10 0826 94928 0547 3619 169249 78308

Fabricated
gram ) 0817 81571 0534 3340 152391 66780
30 0.826 75,184 0537 9006 130966 63947
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Table 46. Textural properties of fabricated grain cooked with electric cooker

and pressure cooker

Springiness Gumminess Cohesiveness Adhesiveness Hardness Chewiness

Electric cooker

milled rice 0.683 148.082 0.381 -1.281 388683  101.702

fabricated grain  0.808 81.208 0.532 -2.021 152809 65365

Pressure cooker

milled rice 0673 133.103 0.392 -6.336 312041 90485

fabricated grain 0812 74.434 0.530 -12.727 140650 60493
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Table 47. Changes in color of cooked fabricated grain during 4-day storage at

4¢C, 25C, and 70TC

Temperature Day L a b
4T 0 58.99 0.37 4.43
1 58.64 0.61 4.93
2 56.93 1.74 6.85
3 56.84 1.68 7.32
4 56.57 173 7.72
26C 0 59.67 0.80 5.98
1 58.48 0.81 551
2 57.89 121 6.39
3 5758 1.07 6.15
4 56.85 1.06 5.86
70C 0 58.68 0.47 3.86
1 56.30 1.09 5.19
2 49.82 1.90 6.84
3 45.83 1.82 4.83
4 40.30 2.39 592

Anpel AFT Gxaxe] Wshe iy dAFEes A7INEddM BR2Fd ye
Az W, $2E5s 3 A=Y Avtd Ao wate, 23k 9 nATx

of HAE dgte] AT TP W) gow wero] AxwsERe LIEwd

B
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Table 48. Texture profiles of cooked fabricated grain stored at different

temperatures

Temp. Day Springiness Gumminess Cohesiveness Adhesiveness Hardness  Chewiness

1 0.857 167.204 0.497 -0.939 337.307 144.489

2 0.88 218785 0.478 459.910 206.712
4T

3 0.849 229.969 0.477 -1514 482.232 194.449

4 0.835 249.469 0.459 -0.108 529.047 218537

l 0.846 100.018 0.529 -2.003 189.187 84.09%

2 0.832 112.713 0.505 -0.075 222.820 97.200
25T

3 0.848 119.382 0511 -3.887 233.880 130.462

4 0.862 131055 0.506 -3.119 256.580 134.197

1 0.844 113.314 0538 . -1978 161.713 80.106

2 0.831 88.113 0.534 -4.872 165.845 73.286
70T

3 0.815 98.020 0538 -7.153 182.134 80.343

4 0.819 112517 0.539 -1.547 209.347 91617
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Table 49. Texture profiles of cooked milled rice stored at different

temperatures

Temp. Day Springiness Gumminess Cohesiveness Adhesiveness Hardness  Chewiness

1 0.7113 301.003 0.380 -3.726 789.397 219.216

2 0.744 295.813 0.336 -2.69%4 890.653 224.360
4T

3 0.736 323.7199 0.326 -0.840 9%68.175 248658

4 0.754 387.815 0.366 -0.035 1073.971 297.274

1 0,754 236.074 0405 -0.893 947.206 200924

2 0.731 264.540 0.408 -3.654 647510 195.167
25C

3 0.698 291.927 0.377 -1.342 748.160 195956

4 0.725 317.333 0.384 -0.802 774430 221792

l 0.731 183.640 0.394 -0.949 466.960 134,540

2 0.734 184.530 0.398 ~1.365 464.773 136464
70T

3 0.759 230.144 0407 -4.216 524.280 160.179

4 0.119 237.448 0.436 -1.302 545.194 183.977
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Fig. 28. Changes in hardness of cooked milled rice stored at different
temperatures.
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Fig. 29. Changes in hardness of cooked fabricated multi-grain stored at

different temperatures.
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Fig. 30. Hardness of cooked fabricated grains by the addition of different
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A: Corn starch 10%

Waxy corn starch 10%

Potato starch 10%

. Sweet potato starch 10%

: Corn acetylated starch 109

Potato acetylated starch 1096
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Fig. 31. Texture of cooked fabricated grains with different levels of starch.

A! Corn starch 5%

B: Corn starch 10%
C: Corn starch 15%
D: Corn starch 20%.
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Tig. 32. Texture of cooked fabricated grains by the addition of vital gluten.

A: Vital gluten 5%

B: Vital gluten 10%

C: Vital gluten 20%

D: Wheat flour 20% -+ Vital gluten 3%
E: Wheat flour 20% + Vital gluten 5%
F: Wheat flour 20% + Vital gluten 10%.
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Fig. 33. Texture of fabricated grains by the addition of various gums.
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Table 50, Color values of fabricated grains(after extrusion forming) containing
natural food colors

Color
Natural color
L a b
Red powder 57.942 10.556 8.618
Pink color 58.068 156.020 8.236
Chija yellow 68.304 2.350 26.096
B —~Carotene 62.862 8.012 23.750
Yellow color 64.942 4722 22.744
Chija green 62.296 0.302 16.356
Chija blue 53538 0034 5.240
Brown color 53.518 10.140 9.948
Cacao color 53.158 6.766 9.776
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Table 51. Color values of fabricated grains(after pearling) containing natural

food colors

Color of fabricated grain

Natural color

L a b
Red powder 53.006 9.412 6.904
Pink color 51.392 12.694 6.096
Chija ycllow 60.652 2.476 18.820
B -Carotenc 55418 6.310 15.772
Yellow color 56.276 3.766 15.048
Chija green 54.364 0.444 11.930
Chija blue 49.102 0.186 3.598
Brown color 49502 7.582 6.692
Cacao color 48.698 5.076 6.252
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Fig 34. Appearance of fabricated grains containing natural food colors.

A: Red powder, B: Pink color, C: Chija yellow, D: j-Carotene, E: Yellow
color, F: Chija green, G: Chija blue, H: Brown color, I: Cacao color.
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Table 52. Color valuecs of cooked fabricated grain containing natural food

colors

Color of fabricated grain

Natural color

L a b
Red powder 4548 5.74 491
Pink color 46.92 9.35 484
Chija yellow 54.49 0.44 20.60
A -Carotence 52.72 3.83 20.19
Yellow color 52.52 2.01 15.06
Chija green 51.23 -1.28 13.45
Chija blue 50.52 -1.02 4.40
Brown color 46.59 9.41 12.07
Cacao color 45.66 5.06 7.85
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Table 53. Color values of rice mixed with fabricated grains containing natural

food colors

Before cooking After cooking
Natural color
L a b L a b

Red powder 57.07 5.24 8.70 58.89 3.80 5.60
Pink color 60.73 4.51 7.73 61.45 457 1.79
Chija yellow  64.32 0.81 12.69 63.34 -1.54 5.56
A -Carotene 55.59 446 13.50 57.43 1.11 10.61
Yellow color  58.08 3.42 15.04 61.47 -0.12 6.60
Chija green 58.91 0.34 10.63 60.40 -1.53 7.69
Chija blue 53.43 -0.17 5.45 54.56 -1.24 3.15
Brown color  56.52 3.56 7.11 57.12 2.49 5.06
Cacao color 52.64 2.86 7.10 54.12 2.78 6.46
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Table 54. Color values of various flavor-enhancing materials

Color
L a b

Safflower 61.86 3.72 15.67
Mugwort 48.28 ~481 7.89
Pine needle 56.64 -1.57 19.90
Polygonatum 55.81 10.39 21,68
odoratum

Pragrant 74.26 331 15.44
Ginseng 79.94 272 15.63
Black rice 64.64 3.45 1.20
Sea tangle 67.89 -2.18 18.40
Squash 78.24 -0.23 21.60
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Fig. 35. Appearance of fabricated grains containing flavor-enhancing materials.

A: Safflower, B: Mugwort, C: Pine needle, E: Polygonatum odoratum, F:

Fragrant mushroom, G: Ginseng, H: Black rice, I Sea tangle, J: Squash.
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Table 55. Color values of fabricated grains containing various
flavor-enhancing materials
Befor cooking After cooking
L a b L a b
Safflower 50.27 3.16 752 50.80 222 10.96
Mugwort 47.42 -0.89 3.46 40.65 ~-1.90 7.37
Pine needle 50.40 1.43 7.03 48.43 1.05 11.16
Polygonatum 4o 7 421 6.08 43.65 6.27 14.45
odoratum
Fragrant 5233 339 743 4960 328 1159
mushroom
Ginseng 54.63 3.13 10.18 52.75 221 12.35
Black rice 49.90 3.63 3.11 43.46 5.08 3.77
Sea tangle 51.77 1.42 8.01 51.73 0.72 14.44
Squash 53.38 3.06 9.75 53.15 1.80 12.75
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Table 56. Colors of cooked rice/fabricated grains containing flavor-enhancing

materials
Before cooking After cooking
L a b L a b

Safflower 5748 151 781 5973 021 634

Mugwort 5382  -088 563 5273 -164 510
Pine needle 5750 066 804 528 033 7.39
Polygonatum  5q4, 108 771 5303 355 1245
odoratum
Pragrant 5582 236 840 5541 191  9.00
Ginseng 59.89 1.10 8.61 64.08 -0.22 6.44
Black rice 5245 259 481 5428 261 336
Sea tangle 5781 062 848 6100  -043 895
Squash 5720 202 976 6105 018 803
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Table 57. Changes in color and stacking volume of fabricated grains during

pearling process

Stacki
Pearling time Color acking
(min) volume
L a b (g/20 cc)

0 42.3 5.23 14.1 252

1 455 462 12.8 237

2 47.0 4.23 12.1 235

3 474 3.99 11.8 23.5
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Fig. 36. Pearling yield of fabricated grains during pearling process.
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Fig. 37. Water absorption of fabricated grains coated with different types of

Water absorption (%)

gums. A Arabic gum, B! Gum ghatti, C: Gum karaya, D: Gum tragacanth, E:

Alginic acid, F: Xanthan gum, G: Locust bean gum, H: Guar gum, I! Pectin.
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Fig. 38, Manufacturing process of fabricated grain.
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Table 58. Sensory scores of developed fabricated grain

A Overall
Appearance  Flavor Taste Texture B
acceptability
A 6.1 7.2 7.0 5.6 6.4
B 7.0 6.7 7.2 6.9 6.9
Developed
fabricated 7.8 7.4 8.5 3.2 8.3
grain

3. A1 E Y17, Anl 2 Fa)

g MANEE AYPskE Astel Aol dad &47], E371, Az,
=RV T A8 AANAE HESIAT 53 EFEY HPC M T
SHEAR 7S] A T3S FReH ot FEAEIS Al FEAEE
& v, B4k G5 EAAEIe 2 9 A" Fo] X% St
of ) 7hzo]l 2~3n) nixE AS FA O i ojFH o] AGHIUT. Ful ¢
E%7] AFASAE vasta GAZ R st o5t Bl & 7?301.’2}3}1
How Aglets SAVA A VleYes dRIdE FHAAM fesA 2gst
of Sl Z|AA AL Felstel AYE FEFHINE AFEALH ol Wi
=92 Fig. 399 zbd},
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Fig. 39-1. Commercial extruder for the production of fabricated grain.
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Fig. 39-2. Commercial extruder for the production of fabricated grain.
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Fig. 39-3. Commercial extruder for the production of fabricated grain.
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Fig. 39-4. Commercial extruder for the production of fabricated grain.
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HEFEAYVE dEGEEIVA W& fF840 o AFAAdel ALg

He A4S FESTINA &4 87= Wd, oekdt 2357, tho], base plate,

feeder, conditioner cutter Z1#] 2 control system. 2 TA FHojlon

2 Table 59 el Qi)

o A

Table 59. Specifications of twin-screw extruder for commercial production

Types

FX 100 FX 60 FX 40
Main motor (kw) 111 45 11
Screw diameter 100 62 44
Maximum screw speed (rpm) 300 400 400
Barrel length (number of diameters) 12-20 12-20 12-20
Barrel max. operation temp. (C) 200 200 200
Barrel max. discharge pressure (bar) 150 150 150
Feeder drive kw 2.25 0.75 0.75
Conditioner drive kw 3.7 2.25 0.75
Cutter drive kw 3.75 15 0.75
Capacity maximum (kg/hr) 2,000 600 200
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Fig. 40. Factory layout for the commercial production of fabricated grains.
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