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SUMMARY

Title

Development of Processing Technology for Comprehensive Utilization of

Domestic Wheat (Woorymil)

II. Purpose and Significance

1.

111,

To investigate physicochemical and processing properties of domestic
wheat varieties

To develop the processing technology of domestic wheats and their
processing by-products

To improve the milling process

Content and Scope

Literature review on milling and processing technology of wheats

Physicochemical properties of domestic wheat varieties

- Analysis of nutritional components

- Dough properties of wheat flour

Milling and quality characteristics of domestic wheats

-~ Milling by a test mill

~ Milling test at small scale milling factory

- Milling yield and wheat quality

Development of processed food products using domestic wheats

- Dietary fiber products using whole wheat and wheat bran

- Establishment of processing technology for snack and flake
products

Process analysis of Woorymil milling factory

- Process comparison of milling factory
(Chun nam Asan, Chunnam Mooan)

- Milling experiments of small scale factory (Chunnam Mooan)



IV. Results and Suggestions

The protein content of domestic wheats (Kru, Suwon 257, Eunpa,
Chokwang, Tapdong) was 12-14%, similar to foreign wheats (ASW and DNS).
¥hen compared to ASW and DNS, the ash content of domestic wheats was
higher, the sand and phytic acid content lower, and the mineral content
(P, Ca, Na, K) higher, However, no significant difference was observed in
the dietary fiber content. The amino acids such as glutamic acid,
proline and cysteine in domestic wheats were higher than ASW, while
similar to DNS. The milling test of domestic wheats showed that wheat
with 70% of milling yield possessed 0,57-0.84% of ash content, in which
Eunpa and Suwon 257 exhibited the lower level as compared to other
varieties,

Thermal treatments on wheat bran increased soluble dietary fiber 40~
110% and water holding capacity 20~75%. Bulk density x swelling
exhibited good correlation (R® = 0.94) with WHC. Scanning electron
microscopy {SEM) exhibited that structure of raw wheat bran was
significantly modified, whose degree and shape well reflected the types
of thermal treatments. Gelatinization of starch was found to be the
primary solubilizing mechanism of wheat bran, followed by the structural
disintegration of fibrous non-starch cell wall materials., GC analysis of
water soluble non-starch polysaccharides indicates that the arabinoxylan
residues of cell wall are sensitive to thermal treatments studied. The
degrading degree of cell wall of wheat bran is the most significant for
extrusion accompanying both high temperature and high shear.

The gelatinization temperature of domestic wheat was lower than that
of ASW and DNS, Good dough properties was observed in Tapdong and Suwon
257, and Kru offered high cohesiveness and absorption ratio. Noodles
prepared by Tapdong showed significantly rigid texture, Dietary fiber
enriched extruded snacks and flake products were developed using domestic

wheats and wheat bran.
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Fig. 2-1. Wheat-based cereal products



Fig. 2-2. Wheat bran-based cereal products
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oy HEZTA FR ABRAPL wEUs 21F£UL AMESe 400kg2]
oul g 1A]7t B¢t A EsbEA 1B, 2B, 3B, 4M, Flour ¥ Bran®] AEAEE
dojch o] AL AGY $E HEYYL Table 2-60 Liepigich ol
Flourt AJ3tE]: WrFEE A 1B+2B+4Mo] E¢E AFLo2AM HEHYO HE
we 0.97%, 1SWL 0.8% $£& Kol glth. Fig 2-3¢ FEUY ®F
7 Wyl glxie] FmA A Uekd ZAQdd, 2Fde] ¥edEch ozt &

Ag Bolx 9, dF &L YAEol &Y AE #EY £ rh

<

Table 2-6. Moisture and ash content in millstreams of Tapdong

and Kru wheat

Moisture (%) Ash (%) Protein

No. Fraction
Tapdong Kru Tapdong Kru Tapdong Kru
1 Flour 10. 20 11,36 0.97 0.80 10.53 12.02
2 1B 10.21  11.76 0.61 0.53  10.66  12.68
3 2B 10. 46 11.49 0.87 0.79 9.78 12.72
4 3B 10.29 10.79 1.14 1.11 2.33 12.14
5 M 10. 64 10.39 1.03 1.24 2.92 11.50
6 Bran 11.22 10. 59 5.23 4,17 9.98 13.83

2. 2 AEFF 33 ALY

7t el AEFE €%

cow ARgde Adel Fdt T, 3 ok, Aw A 59 4
A 2ol AFHR dod, ARSI ARYY L YUYEE E 279 U
Thd Az gk 371 Bl roll-millE AMBSHE Aol opiFAL ¥
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¥ 2-7. g ALZTH AL ¥

3 Auids AESY | Eupal
A T4 1992 5 ton/8hr roll-mill, i<l
Ayt Fob 1993 10 ton/8hr roll-mill, ¢<&24]
=yt olat 1994 3 ton/8hr roll-mill, 3|84l
A A 1995 5 ton/8hr roll-mill, ¢I<A]

A Fore] e MEFTHY AEFTE EE=x Fig. 2-42} Ut
Tl ok AT AR

ot AEFHY ARFEE AEY AH FHHEE 98l £F] 27
A Aduge] HeleEEol glelM UAd EAEE AWEY T3t 2ok

(1) AEZ3e Aulo] oyt Fxpurl Haztdoza duje] Az 5ol
g ofxrh

(2) A& AR P2 FA Aels dule] fAHe 7t o & olrh
el B oA FA7E QELE sty APAT o]EHE Al
ﬂﬁ}b} GAY FAdo] o]Fof A|A| Yo} A, 7]’*“%‘- 59 ol € b
3ol ﬂt}.

(4) Separator7} B4 7H5& kAl Rl wlgFolA oEH e ui&ol

A)2 o] Fo] x]=] ¢ girh

o

EI

(5) Au7|(stoner)7t W] 7}FA] AM&StE Arleln, FUT ZF0] H
A ¥, AAUelA o] rEHOoTAM AR FI8 29l He Ao
2zt

(6) AEd ZH(tempering)& T JHpAAZE dAge gleor} AR&3a

AA ez AL d¥E nd A= o4 Hrh
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WRe] B3 1BEY0 BY ATE FuY B APk AT
Agol ostol iy Ewold ciws] we d7@zrt masgch e

olB2] ATl AHSH W thHE HF Wol I ol glo] iyt Yol
oft E4 R FFEEH OIY AFE Al o]Fe] A ¢ ¢ R2E ¢
A gtk aelsted 1970dTE $E Wel E3W Awzd 2 |

el g3 St W R triticaled] QRS Hjg Bu¥E Ao

H,

]
~

2 Suiad "ol oIkt a7t 254 AP gen, W bl gluteng ©]
Feg 1ad1n»lr glutening] olmli=Ab 2 B W B F3] BT A+
By Y51 218 93 g}

1980 Zoll = FUAF SHABo] thg AEFAY 9 oty 54| g
A77} RaEgled, AR 49 22450 2347, W 183 Y W 2T
7V 233 vlsstAU AR AE BYn, e P2 EF 8.0~
10. 5% orom . amylogram?] i A= AHA

B

e

=1
Az g=e] AZ7|7L Aol Fulo] uXe APZA} nixogram] o]}
wheat flour, wheat grits ™ wheat shorts €28 &¢ten], 27 0.2mme]s}
o] W7 (fraction 1) ¥H&Ee] HE T &= 100mesh 0|31 WrpFof ZA Holx
2] okglria stgivh. W, it WL olaEE B U fyjH=xe o
FA471®e] glojA alkaline water r'etention'capacity(AWRC)-t— 247}
(pelshenkes value)®} whijd 3rakal= Fo] AL Holx, FI|Z 73} AWRC

W Ty g ol 4ue R4k



o]zt Zo] Fuiat ol iyt o]HH W FAEGe] oyt A= 1984
Fulat de] FHE FEe fulFcie] R Aste] A4 @ HFo] Fut
HHAd a3 ez A7 tdoAE AYEe] AL A7rt JRHA o
ot el olm] AR AW Wol ozt A7 A= FejUS HAs 2
& BXn i, Bg 9 28]E Hojstee JAFH A BUE £+ e F
A5G Aol ol FEFHY AFte] AtA] d=ria & 4 dirh

uletd 2 dFolMe Fud LF H2H FEEF Lol st AEFSS
of ¥¥E& nNE IE, A L Ay T oA 75 BEE e AR

3 BEAIEE §3to] AFHYA dANLEAN FUE
5 ol F¥Y o= MY 2 27FH HUY I 7448
B3 &S HHeEA S E AFY EA BEE & UES ST

offt

e,
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ox,

o o
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A 243 d¥dAs ¢ 9

1. Agx8

AR AR W S 8 5EFF(AF, d 257, 23, 2¥, ¥E),
Q2 2EZ(ASW;Australian standard white wheat, DNS:Dark northern
spring wheat)E T3t} Zzh BUI £& 70%2] WIMEE AHE3te] Ao
1&gt et

flo

2Be  105C AzWoE, zAWL  SoxhletoF, Zi‘ﬂr'—',’

micro-Kjeldahl 0%, 3EL 3312y 5 % aoacy Ve wiet B4sieich
3. AESER

2 @ Age] AFREAe AZgAe] w9y 3;]7]6}0:] &3} Zo)

Betdrh.  AMEEREA(CCLY) HF AlEHol wietd] AR 25g st 24
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4, Phytic acid &4

32

=1 g Awo] &x]5}i phytate £ Wheeler et al'Ve] Whajo] )5}
3, EZERE AR} phytate(P-5756)+= Sigma Co.(St. Louis, MO, U.S.A
o] Fslgdrt. AlE 1g(phytatetl phosporous 5-30 mgell 34T)ES Azt
gtA Ao Y 3% trichloroacetic acid 50 mlE H7lsle] 4627F &3
A E )7 (Sorvall RC-5B, Dupont Insturment, SS-34 rotor)® 7,0

4,

182 x g)olA 1087 AAEslod AL 4ot F5AF 10

~—

S o

rpm =
nlE 33 ¢AEg] tubed] YT FeCly £(2 mg ferric ion/ml of 3% TCA)
4nlE A7 F QL $RojA 4587 stdsidnt. ASao] 3087 Azst
& ubx] ¢t2 7 PolE sodium sulfated 1-29&& HIUIStodch o] £d9&
GSA rotor® 7,000 rpm(6,513 x g)olA 1087 A Eg|dle] L8 wig|a
HAES 3%TCA 20-25 ml 2 23] A3 =

HE R4 tiA] 5-1087 71
L0

stk @& HAE &
L%

2
Ak

]
I F SEzAstA dAEes e

s

£ 2m1el 1.5 N-NaOH 3 ml & #7138l 80CE 7} 282 30nlE o] #
T3 &4 E Vhatman No. 2 A E AMESte] o{I3s1aL 80T FF== 50-70
ml 2 22} AF3tgrt.  olu L wela oA AI FIAES =AL

3.2 N-HNOz 40 mlE 0{A] 100 nl F& flasko] B3 ZH4E AAxE F A
Holo] 100 nlZ F-8F F 204 Q¥ZAIZch o] &9 5 nlE # 3o 100
ml B§ flasko] Y3 FF 70 nl & 7iste] EAE % 1.5 M-KSCN 20n1 & |
§ W3 100 nlE ERY ¥, 54 480 mold FHEE FHHT TEIAo|
A ok Babslgirt.  ZH A]E blank test: A|RE HEistA] o $l%
UYL PHo s WAskert,

= -

—33—
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o

Aol 4

Zt A2 B8 Ao]M-S(IDF, insoluble dietary fiber), 4873 2o]4d
£ (SDF, soluble dietary fiber), & A]o|4d-f(TDF, total dietary fiber )&
& Prosky 5'%¢] 8w o2 Sigma total dietary fiber assay kit(TDF-100)&

Apgsted Easigct

(7}) F2Es)
ANEE 1g8 A% 0.1 wg7tx] FY3] ol 400 nl tall Blo]Ao] ©L,
50 ml pH phosphate buffer& 7}8}:L 0.05 ml. amylase-§ & 7z} wlo]Heo] AU}
stol @ AelE ¥ UFuE BUT N, BE 2ol 5B Adem I
o] 2@ Uie] X7 05CI © iRy 3087 FA F Loz 3

gk, o} &do] 10 mle] 0.275-N NaOHE H7}sle] phE 7.52 2733}

ot
- ¢

2

protease-£¥(protease 50 mg/l ml of phosphate buffer) 0.1 nlE #E71s}
dEnE TYE WL § 60CE ZFY Y& shakero]q 308 AL EEo]
Z % 0,325-N HCI&H L2 pHE 4.58 X3t o}7]ol amyloglucosidase
0.3 nlE& H7}st thr] 60T shakerold 3087 EEo] &£ thg WYZAA T
AEY 238 St $yste] Holdf o] ey vl A HERTY
of ZZ} AMg-stgict.

(W) 2874 Aol dA(I0F)F
£ 2% 71 (Duran crucible, Porosity NO.4, size 40-60um)E 37 =7 A
Hslo] 105TolA] AR F 525CoAM 1A7F 71d3taL, oF 0.5 g2 celited
7}?‘5}31 0.1 mg7tx] AEs}A YA 5 thA] 105ToN ARAN F EA438lS
a5 Fepsta dlalAolEle] BRAF 2L AMgstgnh  RKEl=rhdel ZidE
celitel ZBL£E A}23lo] EINQ glass filterglo] E
S 73t suction flaskE rubber adapter® @AZAAIZch nule] &£¥]¥ &
T2AET ANRE T R FolHste] BAEIHEL
5}

L) -3}
= j=i
dch. I TR fElE/RE BkA Bl 42 HAEE §

Of
o
o



F4 20 ml, 95 % ofl§F-& 20 ml, olAE 20 nlE AMESle] d&EFHOE AET

HAINE data sheet(F1g 3o 7Yt A (1)of] A3t Axbstart.
blank gt ARE 7}8lA] i IDF F3bd& YA AAlste] Fig. 49}
Zo] Belstar A (2)o] At AA k& AFEsgich

- (=]

IOF A B48 AHgo] FFREE sl UL 100 g2 BEF 60
CE @ 95 olTh 400 1S IS Aol 6087 WAsl AHel
F Moldf ¥EE AAAATEL o F IF FAS BYY WYL F celite
£ BUT =7 ol 78% oUEE AN celited LEA BN 7t
ol3gol AR F FAND AHAS ATBAA G YAE| 785 ok

_li

60 ml, 95% oﬂEJ% 20 ml, olAE 20 nlE £AHLE J18te] MHE
DFgafAl et Bd3 Whio= chadyl 38 Aarsla AP A3
data sheatoﬂ 71431 ofzfalol & ABIe] Axbster).

o

ZH Z A8 ¥ %= Chroma meter(Minota, CR-2000 Japan)& L, a, b
e FSHINGA, TR o= 23 FIlEE AACC(1983)e] 23te the}
2ol &Fstct. AEE 8(4E 14%)E 100 ml ZatAFo] =3 N-butyl

EET 15-3087 BxjA7ich.  tha] A4
23 E F EE e vhatman No. 1 oJZ=]|E of3}3tey



7. 74 24

A B2 FATIE Blakeney 2] up¥g olB L3l alditol-acetate
Holl 3] SAstgct. 423 A RE #3to] 24 N HS0: 100 ulE goi A2
A 1 Az YA F FFS L1 o1& TSI 100TAA 323 skt
a9 AEol 24 N-HOH 200 11§ Holstel 25407 ¥ dzsjolch. Az ¥
1 N-NH:OH £ 100 pl = ¢v}elsbstst DMSOo) =4¢] 2% sodium borohydride £
g 1 ml B3t 40ColA 2X 7 WrEAIFTE Tl glacial acetic acid&
100 pl 8713813 1-methylimidazole 200 pl&} 2 ml8] acetic anhydrideE {of
Ao 3087 wxlslgct. 2 ¥ £F49} dichloromethaneg Yol I 42
F Held 3}3HEL gas chromatographyE ©]&3tey E43idct. £4 =2

& Table 3-1¢] el girct.

Table 3-1. Instruments and operating condition for G.C

G.C Hewlett packard 5890 plus series II
Column DB-225 fused silica capillary column
(J & W Scientific Inc, Folsom CA)
30 mlong x 0.25 mm I.D
0.25 um film thickness

Oven tem, 220C
Injector 275C
Detector Flame ionization detector (300T)
Carrier gas helium(i ml/min)
Split ratio 50 1
8. ojm]i=At

2 Bidlingmeyer ' Eo] wio] s sttt AP A

EE 6N-HCl £ool EYdto] HaF3 F 110TAA 24A7T 5 JH-Esist

el 7ReEsE A8E 50 nlE FLIIL o[F 0.45 im membrane filter®

oAztsted 20 uwlE 33 A3Az el AzHE AR

methanol:water: triethylamine(2:2:1)-828 30 ulE Hr}ste] 22 AZR3loich
o

ol el SEA Ao}

obu) et £4

(methanol: water: trimethylamine: phenyl



iso-thiocyanate=7:1:1:1)2 30 pl 7}ste] 2027 %Izt & 33 7A=zstdc).
" Methanol 30 ulE #7}sled thr] ARSI sodium acetate buffer(pH 6.4)%

g3 5tod HPLCE EAIstgict. 4 ZA2 Table 3-20f Lehfigich

Table 3-2. Instruments and operating condition for HPLC

Instrument

Column
UV range
Mobile phase

Jasco PU-980 pump
Jasco HG-980-30 high pressure grdient module
Jasco 851-AS autosampler ’
Jasco .UV-975 UV/VIS detector
Jasco 807-IT integrator
‘column oven(407T)
Waters pico-tag column (3.9 x 150 mm, 4 pm)
254 nm
eluent A : 0.14 M sodium acetate trihydrate
0.05% tryethylamine
1 L HPLC grade water
(pH 6.4 with phosphoric acid)
eluent B : 60% acetonitrile

B BHe ANHsYe ol gslyrt. ARE 550CA 4x7 B
317l F 0.2 N-HNO; 8ol &3)5te] 100 nl2 FEstgch the of sl
ICP(Inductively coupled plasm, Jobin-Yvon Model JY 38 Plus, France)& o]
g3jo] Eajsioith EHZAL Table 3-37 Zr.

Table 3-3. Operation conditions for ICP

Power

1 Kw for aqueous

Nebulizer pressure 3.5 bar for Meinhard type C

Aerosol flow rate

Auxiliary gas

Cooling gas

0.3 1/min

0.3 1/min for multielement analysis of
aqueous solutions

12 1/min




10, Ay &

EQ7}2 100 goll water saturated n-butanol 1.2 15 E71s}e] 583t +3
et ¥ ojzlsigch 2Hatel] ThAl RulE Jisled WIS FET F AdE B9

t}, o] ojlle 7+et H&3}o non starch lipid(NSL)E ARE3tgcTh Starch
1ipid(SL)8] $&2 dolgle ZAtol §u) 1.2 18 718t} 90TCelA 30E3t 7}
gstgnh 71e ¥ st gk #eEdte] A&t F&3 NSLH
SLE folchS-2] whHol wig} chloroform/methanol(2:1) EX-EujE 7Hste] |
g3 F B Zrjrle] A Eol = 0.88% KC1-§AE 1/49] 718t & E&
2 the wxstgich. Chloroform®zt B3] €43 Eel¥ ¥ chloroform®
3]4:3}3 T}A] methanol/water(1:1) EL-EUIE 1/4 7}ste] FJF F WA}
t}. ChlorofornZz} B%o] ¢4 £2|¥F chloroforn 7 3132 18w
& ¥ wE3lo] chloroform FRE& RoITh Eopxl o

AL BaZAsle YErHAsigct. FAAL 24 Feld NsL3t sLy g

22 vehigich

¥ 32 R

11, Column chromatographyol] 2]3F x]&e] 3

B goa =& AAT AL silicic acid column chromatography&
o]&3dle]  Z2AAH(neutral  lipid),  @A]H(galactolipid),  UAA
(phospholipid)® z+tz} E¥3}drt, Silicic acid(100-300 mesh, sigma)E 120
Cold 517 BAHE ANF Txe] 42 FEAATH BHHY silicic acid
30 g & chloroforn®® B 7|Z7 YR UEF column(Z x 20
cm)o] 223} chloroformC.E M H3loict. oJ7lof A x]A& 500-800 mg
291 & 22422 chloroforn 600 mlE @A Z-& acetone 1800 ml, AX|HL
methanol 600 mlE &&3le] E¥slgcl. EHT £&292 diEelst &2
AZ2] silicic acid YAE AA F AUsF/2 Sulg At F¥E 7

stedct, 28§ 7 ARE A&Fst] JEEBSCL



12. Phospholipid 49
Column chromatographyollA] methanole] 2J3] €&Fojz x| 2L
chloroformo]] *|-23}5le] HPLC(waters)E o]-&£3}e] HE3lart M zAL

Table 3-4o] LER it}

Table 3-4. HPLC conditions for phospholipid classes.

Column u-Porasil, waters No. 027477(10 pm, 125 a, 3.9 mm x 300 mm)
Eluents A n-hexane : isopropanol : water (60:80:7)
B: n-hexane : isopropanol @ water (60:80:14)
Detector UV (206 nm)
Flow rate 1.5 ml/min

13, Agar 24

Ztzte] £¥ X2 50 mgoll 0.5-N methanolic KOH 5ml-& 7}ste 587 713}
dch I F 14% BF—methanol 5 ml& 7}3te] 187 7193 F hexane 5 mlS
7bste] 30 &7t viA] stgstolch. shde] By ¥ B8 ZIAIo] A T3
NaCl& ol FA] WAIste] A3FE2UE #3t micro tubeo] Fi=t} ¥
A Zof NaSoE 3'-}3* 7}t B A171%F QBRI 6.0 o] &t B3
gt EAH2AL Table 3-50] et}

Table 3-5. Gas chromatographic conditions of fatty acid
methyl esters

Injector Temp.: 250 C

Detector Temp.: 250 C

Column Temp.: 180 *C(Isothermal) ,

Column: Supelcowax-10 capillary column(L:30m, FT:0, 25um, ID:0. 32mm)
Detector type: FID

Split ratio: 50:1

Carrier gas: He

Column head pressure: 20psi




14. 248 U 259

2} A ®e] XR4EH(WHC, water holding capacity)Z} R (0A, oil

293
2] go] WSHE ARE 0.1 ng7tx| Y3 o} nle] FAE A 30 nl fal
Hal tubeo] Y3 EH4E 20 ml HIISI SelEos & AL F 37C water
batho] A 147+ B¢t ZEsteint. o detedg i Fel(Sorvall RC-5B, SS-34

rotor) 2 11,000 rpm(14,460 x g)olA 1A B¢ AAETL

@ The YAEe twbe® 1587 draindt ¥ FAE &

& Avsignh. ngEe Bad AT BT PPoE FIE(EYRT)
20 mlE Y1 WA TEO g7 BAT Austirh. Az Ade Y
W WEY A7E BFOE BASIAL

15, AgAE

guAEe Aus SRy 15,552 2Ast} 2 AZuich Za/mingl 3
aas2 =olslmEA 3.5kgd] dWE Buhler-Miag AEAZIIE AHg8te] 370
o] Break rollz} 37§¢] Reduction roll 273 BE® Ade 2oten, 3
#] Break rolle] Aojd Z3l ™ 7)-&(bran)3} 37 Reduction rollg =
3} ShortsS 2Astaith. Aol A1&a Aol 23-& Table 3-63% Ztt

Table 3-6. Sieve and silk bolting cloth

1B 2B 3B 1R 2R 3R Shorts

g 1oxx®  10%X  9XX  10¥K  10XX  10XX

D 9xx:140m
2) 10XX: 125

T18]3 Rolle] 7HAL Break rolld] &2 13mm, oz0 10mE ZFE5

3. Reduction roll2 &S Tms, ¥5& 3mn zA st AEstaich



U7FEFS] SRR ACC 76-30a8 "ol gJsle] Axlsgic.

17. QA X2

WrlEe]  dalapEAL DSC(differential  scanning caloimetry:DSC,
Perkin-Elmer 7, USA)E A}23lo] A|BE 15mg 23}e] Z2HF4E 30 7}5taL
TEBYE 8l AT BU A2eM WATF 10C/wing] 7HIEEZ 30~
150 C7HA] 7t st &3}t

18. Amylograph

W71E HEldYy =58 12%2 3Slo] Amylogram(Brabender co, ,USA)C. & %
=]

FHA PP LE FHstgrh

19, WARS gy
AlEA RSt @2 WIHFe] UYERAL Laser particle sizer(Analysette
22, Fritsch Gmbh, Idar-Oberstein, Germany)® &L ZEAignjE 3l

interationo] 563 E&= RALE EHH sy},

E2d By 49U 94rlse 8= HA2 farinograh(Brabender Ltd.,
Duisburg, German)& o]-&3te] &3 mig|IB o2 HE F48&, TEAZ
QHE W MRS FFSATL. 7 ARE FEUT 142] UIE 300gS 7]

o

o8 FEUFE At ARE #51ETH86.0/A x 300 = B g, A: 100-4]

2o R, BARE). AEE 30CE 2 nmixing bowlo] Heflo] At
22 FF4E A9 9AHL warh B3 T mixing bowle] gxsn =
FrE dudE S B3t IR F58 = oS A=7A] g F 500
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B.U. 48 Foo] =HEF stx, AL F

stdch = sl 4 FEE F5Y
2 texture analyser(Model TA XT-2, Stable Micro Systems, Ltd, England) &
Apg3te] adhesive testE stgith. sjelx=l=E W B € WE NS
% 15g& 2|38} Chen-Hoseney dough stickiness cell(A/DSC)2} 25 mm perspex
cylinder probed ©]€3lgi, HA XL test speed: 2.0 mm/s, post-test
speed 10.0 mm/s, distance; 4 mm, force: 40g, time: 0.1 s, trigger force:

sgolaich. Zbzhe] MWL 53 A ] WEL 2steTh

4334342

1. gntg

A

B oM Zu U 2Auisrie] dal ZFEo] Aol vlad w5
o) FUYad(aF, $4 257, &5, 2%, ¥ e AT @
Aol AWtz Qe “$W” & AHEEIET th2FEA Ful HFIAANA
tiar A8]En g Apwge] ol "ol DNset AHE EFAL 1 ASKS 8
N EZe) Ug AEEA ARSI Table 3-70] TH AR B 23

]
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Table 3-7. Approximate Analysis of Whole Wheat Flour

Kru Suwon Funpa Chokwang Tapdong Woorymil — ASW DNS

257

Moisture 9.91 9.25 9.6 9.75 9.44 9.85 6.81 8.98
Crude 13.39 11.78 14.77 13.29 14.33 11.58 9,54 13.42
protein (14.65) (12.14) (15.11) (13.81) (15.8) (12.85) .86) (14.68)
Crude 1,56 1.35 1.34 1.64 1.37 1.58 1.47 1.64
fat (1.99) (1.98) (1.48) (1.82) (1.73) (1.90) (2.31) (2.22)
Ash 1.76 1.62 1.57 1.63 1.53 1.69 1.27 1.56

(1.95) (1.79) (1.74) (1.81) (1.69) (1.87) (1.40) (1.66)
CHO* 73.3 76.76 73.83 . 74.52 73.4 76.92 81.26 74.46

(81.36) (84.58) (81.67) (82.57) (81.05) (85.32) (87.2) (8l.81)

* CHQ: Carbohydrate obtained by difference
( ): dry basis
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Table 3-8. Sand, phytic acid content, water holding capacity
(WHC) and oil holding capacity(OHC) in various
wheat varieties

Sample Sand Phytic acid WHC OHC

(%) (mg/g) (g/g) (g/8)

Kru <0. 005 8.98 1.770 1.733

W Suwon 257  <0.005 9,04 1.806 1.804
H Eunpa <0. 005 9.85 1.818 1.747
0 Chokwang <0. 005 8.75 1,634 1.726
L Tapdong H <0.005 9,15 1.709 1.713
E Woopyni 1 <0. 005 8.70 1.646 1.771
ASW* <0. 005 9,98 1.649 1.559
DNSY <0. 005 10. 07 1.643 1.588

Kru <0.005 3.78 1.723 1.855

F | Suwon 275  <0.005 2.67 1,678 1.846
L Eunpa <0.005 2.22 1.678 1.855
0 | Chokwang <0. 005 3.57 1.582 1.843
U | Tapdong ~ <0.005 3.40 1.659 1.883
R | Woorymil <0. 005 3.03 1.572 1.753
AST, <0. 005 5. 08 1,733 1.832
DNSY <0. 005 4.78 1.676 1.914

; Woorymil : mixture of Korean wheat varieties
3 AWS @ Australian standard wheat
DNS : Dark northern spring wheat

Table 3-9. Dietary fiber in various wheat varieties

Sample 1pF! SDF? TDFY

Kru 9.17 1.48 10.65

W Suwon 257 11.88 2.00 13.88
H Eunpa 10.76 1.81 12,57
0 Chokwang 8.00 2.68 10.68
L Tapdong 9.60 1.70 11.30
E Woorymil 5.09 2.19 7.26
ASW 10.31 2.89 13.19

DNS 12.36 2.97 15.23

Kru 1.97 1.27 3.24

Suwon 257 1.39 1.48 2.87

F Eunpa 1.46 1.26 2.72
L Chokwang 1.80 1.28 3.08
0 Tapdong 1.20 1.35 2.55
U Woorymi 1 1.78 1.75 3.53
R ASW 1.66 1.75 , 3.41
DNS 3.26 1.68 4,94

2 Insoluble dietary fiber
N Soluble dietary fiber
) Total dietary fiber
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Table 3-10. Color value and transmittance by yellow in
various wheat varieties

Color Transmittance
Sample (%)
L a b
Kru 86. 00 1.39 9.47 70.14
Suwon 257 87.11 1.50 9.53 58.52
W Eunpa 85.80 1.71 10.66 64. 41
H Chokwang 87.70 1.49 8.97 54.69
0 Tapdong 86.74 1.44 9.44 66. 55
L Woorymi 1 91.11 0.19 8.22 69. 37
E ASW 84,77 0.80 12.74 70. 44
DNS 75. 56 3.05 13.45 67.61
Kru 94.24 -0.50 7.68 66.95
Suwon 257 94.84 -0.60 7.12 63. 66
F Funpa 93.56 -0.53 8.96 71.31
L Chokwang 94,56 -0.40 6.49 70.22
0 Tapdong 94.39 -0.37 6.99 69.14
U Woorymi 1 93.24 -0.41 8.04 74,47
R ASW 94.24 -0.57 6. 41 59. 33
DNS 93.63 -0.59 9,29 68.02
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Table 3-11. Mineral composition(mg %) of various wheat varieties

Samples K Cu Fe Mn Al Si Ca n Na Mg P
Kru 189.1 0.2243 1.344 1.116 0.0981 0.0144 11.94 0.1239 8.330 0.6269 124.7
¥ {Suwon 257 211.6 0.182 1.388 1.302 0.0383 0.0145 11.29 0.1294 8.514 0.4231 113.1
H JEunpa 172.5 0.1952 1.414 1.158 0,0911 0.0152 15.19 0.1198 5.886 0.3913 114.3
0 |Chokwang 183.5 0.2019 1.449 1.216 0.0731 0.0140 11.70 0.1266 6.776 0.4326 121.2
L |Tapdong 178.7 0.1665 1.409 1.299 0.1219 0.0177 14.39 0.1079 7.351 0. 3894 111.7
E |Woorymil 171.6  0.1517 1.183 1.434 0.1560 0.0168 11.92 0.0845 7.325 0.4138 130. 4
ASW 141.6 0.1089 0.9808 1.136 0.1026 0.0153 10.00 0.0460 8.720 0.2923 73.5
DNS 164.3 0.1469 1.262 1.635 10,0680 0.0438 12.64 0.0818 8.515 04388 117.3
Kru 48.03 0.0874 0.4436 0.2591 0.1354 0.0127 5.972 0.0391 4.247 0.0934 37.21
F |Suwon 257 39.71 0.0636 0.3604 0.1902 0.1417 0.0111 5.075 0.0278 4.241 0.0869 24.80
L |Eunpa 34.27 0.0710 0.4020 0.1667 0.1378 0.0134 6.115 0.0285 3.957 0.0891 28.42
0 |Chokwang 40.93 0.0757 0.4453 0.2449 0.1575 0.0124 5.944 0.0347 5.159 0.0891 32.58
U |Tapdong 37.55 0.0682 0.4088 0.2019 0.1600 0.0121 6.366 0.0290 4.034 0.1083 29. 46
R [Woorymil 44.76 0.0315 0.5039 0.2587 0.1232 0.0163 4,502 0,0277 4.558 0.1210 38. 86
ASW 36.73 0.0466 0.3834 0.3257 0.2357 0.0121 5.048 0.0183 4.153 0.1040 24.28
DNS 36.94 0.0383 0.4086 0.2651 0.1299 0.0130 4.553 0.0298 4.650 0.1390 39.23




Table 3-12. Crude protein contents of various wheat varieties
(%)
1)

Whole wheat Flour
Kru ’ 14.63 13.84
Suwon 257 12.40 11.41
Eunpa 15.53 14.19
Chokwang 13.87 ' 12.65
Tapdong 15.05 14.42
WoorymiIZ) 11.97 . 9.85
ASW? 9.98 9,06
NS ¥ 14.23 13.22

Y Flour yield @ 70%

2) Mixture of various wheat varieties
3 Astralian Standard White Wheat

) Dark Northern Spring Wheat
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Table 3-13. Amino acid composition of various wheat varieties®

Varieties Flour Whole wheat
Amino acids Kru Suwon Eunpa Cho- Tap- VWoory ASW DNS Kru Suwon Eunpa Cho- Tap- Woory ASW DNS
257 kwang dong mil 257 kwang dong mil
Aspartic acid 246 . 301 266 377 323 240 163 247 166 447 445 297 286 371 284 298
(2.50)" (3.41) (2.43) (3.83) (2.84) (2.99) (2.33) (2.45)  (1.74) (5.15) (2.17) (3.33) (2.64) (4.47) (4.09) (2.82)
Glutamic acid 2312 2756 3474 3101 3677 2443 1989 3103 2351 2659 3278 2604 3114 2414 1980 - 2955
(23.53) (31,25) (31.66)(31.53)(32.39)(30.50){29,31)(30.75) (24 75)(30,66)(30,61) (29.28) {28.97)(29.04)(28.51 }{28.04)
Serine 482 401 466 441 489 371 325 45 454 418 460 352 476 379 317 501
(4,91) (4.55) (4.25) (4.48) (4.31) (4.64) (4.63) (4.51) (4.77) (4.82) (4.29) (3.96) (4.42) (4.56) (4 58) (4.75)
Glycine 409 333 413 359 579 317 294 390 426 408 435 271 483 339 213 490
(4,18) (3.78) (3.77) (3.65) (5 11) (3.96) (4.19) (3.86) (4.48) (4.70) (4.06) (3.04) (4.49) (4.08) (3.07) (4. 64)
Histidine 288 228 313 257 290 217 192 272 313 277 306 205 315 260 210 342
{2.93) (2.59) (2.85) (2 62) (2.55) (2.71) (2.73) (2.80) (3.30) (3.19) (2.88) (2 31) (2.93) (3.12) (3. 02) (3. 24)
Arginine 416 342 395 272 367 303 257 398 471 423 424 500 313 301 510
(4.23) (3.88) (3.60) (2.77) (3. 24) (3.79) (3.66) (3.94) (4.96) (4.88) (3.96) (4 80) (4.65) (3.76) (4.35) (4.83)
Threonine 290 246 289 270 297 231 220 295 313 284 298 275 327 250 222 338
(2.95) {2.79) (2.64) {2.75) (2.62) (2.89) (3.13) (2.92) (3.30) (3.27) (2 78) (3.09) (3 04) (3.01) (3.20) (3.21)
Alanine 370 288 355 381 369 303 303 366 413 386 376 335 299 451
(3,77) (3.27) (3.24) (3.88) (3.25) (3.79) (4.31) (3.83) (4,34) (4.45) (3 68) (4.23) (4 06) (4.03) (4.32) (4.28)
Proline 1422 1127 1468 1239 1464 1007 874 1327 1233 1028 1319 1127 1310 983 826 1248
{14,47) (12.78) (13.39)(12.63)(12.89)(12. 57)(12 45)(13 15) (12,98)(11.85)(12,31) (12.68)(12.18)(11,82)(11,92)(11. 84)
Tyrosine 454 340 481 360 432 301 277 - 421 334 385 309 457 299 257 397
(4.62) (3.86) (4 39) (3.68) (3 81) (3.76) (3.95) (3 41) (4.44) (3.85) (3.60) (3.48) (4.26) (3.60) (3.72) (3.77)
Valine 540 426 469 384 360 480 536 451 500 469 543 401 3486 518
(5.40) (4.83) (4 68) {4.78) (4.47) (4.80) ( 5 12) (4.76) (5.64) (5.21) (4.67) (5.27) (5.05) (4.82) (5.00) (4.91)
Methionine 224 186 202 210 163 206 192 170 176 172 208 163 146 208
{2.28) (2.11) (1 92) (1.24) (1.85) (2.03) (2 33) (2.04) (2.02) (1.96) (1,64) (1.,93) (1,93) (1.96) (2. 10) (1.97)
Cystine 77 49 55 62 8 42 46 39 51 43 35 42 43 46
(Qm)mj&(Q&HQ%HQHHO%HO&HOM) (QQHQ&)MM}(0%H0$H0&(OQHOB)
Isoleucine 475 358 463 421 460 337 306 427 430 368 432 380 446 339 285 434
(4.83) (4.37) (3.98) (4.28) (4.05) (4.21) (4.36) (4.23) (4.53) (4.25) (4.03) (4.27) (4.14) (4 08) (4.12) (4.12)
Leucine 910 717 891 815 917 678 616 852 861 741 851 769 908 575 864
(9.26) (8.13) (8.13) (8,13) (8.08) (8.46) (8.77) (8.,38)  (9.07) (8.55) (7.95) (8.64) (8.44) (8 16 ) (8.29) (8.19)
Phenylalanine 655 511 674 596 671 483 430 613 617 525 618 556 660 480 423 626
(6.67). (5.79) (6.15) (6.08) (5.91) (6.03) (6.13) (6.08) (6.50) (6.05) (5.77) (6.26) (6.15) (5.77) (6.11) (5. 94)
Lysine 255 209 240 212 249 202 188 250 293 291 297 290 324 246 227 334
{2.60) (2.37) (2.19) (2.17) (2.26) (2.52) (2.68) (2.48) (3.08) (3.36) (2.77) (3.26) (3.01) (2.97) (3.27) (3.17)
Total 9325 8818 10966 9834 11359 8022 6994 10071 9529 9261 10662 8914 10836 8294 6940 10560

a: mg amino acid/100g wheat
b: % ratio
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Table 3-14. Sugar coposition in various wheat varieties,

Varieties Flour® Whole wheat
Composition Kuru ~-|Suwo n|Eunpa|/Cho- |[Tab- |Woori ASW? | DNS” |Kuru- |Suwon Eunpa|Cho- |Tab- |Woori-| ASW | DNS
sugar |mil 257 -mil |kwang |dong mil? mil 257 |-mil |kwang|dong |mil

Rhamnose 0.68/ 0.711 0.59| 0.73] 0.62| 0.80| 0.87] 0.85; 0.25] 0.19| 0.25| 0,18} 0.15] 0.31} 0.23| 0.25
CL Arabinose 1.00{ 1.00{ 1.00| 1.00{ 1.00( 1.00{ 1.00 1.00{ 1.00{ 1.00( 1.00{ 1.00{ 1.00; 1.60{ 1.00/ 1.00
ﬁa Xylose 1.37] 1.17| 1.37| 1.34] 1.24| 1.46{ 1.10| 1.14| 1.68| 1.53] 1.52| 1.74| 1.41| 1.54| 1.45| 1.41

Mannose - - - - - 0.28 - 0.31{ - - - - - - - -~
Galactose - - - - - 0.43 - 0.53{ - 0.27] - 0.29] 0.24 - 0.51} 0.37
Glucose 110.06(114.57(91.96|105.59{102.90/96.641159.45|115, 54{35.49{28.83{34.02(34.30(27.09:58.70 |33.15{30.72

Y Flour yield : 70%
% Mixture from various mixture of wheat varieties
9 Australian Standard Wheat
9 DPark Northern Spring
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Table 3-15-1. Composition of non-starch lipids(first extraction with WSB at 20 °C) and starch lipids (subsequent
extraction with WSB at 90 °C) of various wheat flours (mg lipid/ 100g dry flour)

I
o
T

Woorymil Suwon 257 Chokwang Eunpa
Lipid Non-starch Starch Total Non-starch Starch Total Non-starch Starch Total Non-starch Starch Total
Neutral lipid (%) 1385(67) 106(23) 1493(55) 1847(72) 104(22) 1951(65) 1336(59) 93(17) 1431(53) 1349(66) 146(30) 1497(59)
Polar glycolipid (%) 429(21) 44(10) 473(17) 429(18) 59(13) 488(16) 624(28) 51(13) 675(25) 367(18) 66(13) 433(17)
Phospholipid (%) 445(22) 310(67) 755(29) 271(11) 307(85) 578(19) 300(13) 307(65) 607(23) 344(17) 285(68) 629(26)
PE’ 3.7 - - 2.4 - - - - - - - -
pI* 5.2 25.1 30.3 2,2 1.3 3.5 4.4 24.3 28.7 4.1 1.4 5.5
pc' 21.2 0.2 21.4 16.9 1.6 20.7 20.7 0.1 20.8 15.7 0.4 16.1
Lrc' 6.3 193.1 199.4 4.8 148.5 153.3 11.1 165.4 176.5 5.7 157.0 162.7

Total lipid (100%) 2060(100) 462(100) 2710(100) 2547(100) 470(100) 3017(100) 2462(100) 451(100) 2913(100) 2080(100) 521(100) 2559(100)

* PE: phosphatidylethanolamnin PI: phosphatidylinositol PC:Phosphatidylcholine LPC: Lisophosphatidylcholin



Table 3-15-2. Composition of non-starch lipids(first extraction with WSB at 20 °C) and starch lipids (subsequent

extraction with WSB at 90 °C) of various wheat flours (mg lipid/ 100g dry flour)

Tapdong Kuru DNS ASW
Lipid Non-starch Starch Total Non-starch Starch Total Non-starch Starch Total Non-starch Starch Total
Neutral lipid (%) 981(59) 147(21) 1128(48) 1406(66) 86(16) 1492(56) 1439(65) 167(17) 1606(51) 1496(66) 160(17) 1656(52)
Polar glycolipid (x) 339(20)  72(10) 411(17) 409(19) 50(9) 459(17) 409(19)  70(7) 479(15) 450(20) 73(8) 523(16)
Phospholipid (%) 359(21) 471(68) 830(35) 325(15) 404(75)  729(27) 325(15) 763(76) 1088(34) 314(14) 697(75) 1011(32)
|
%ﬂ PE 1.3 - 1.3 - - - - - - 7.4 3.4 10.7
[ PI 2.4 14.6 17.2 - 26.8 26.8 5.5 24.3 29.8 4.7 18.2 22.9
PC 15.9 2.6 18.5 - 0.7 0.7 3.0 5.4 8.4 22.3 0.8 23.1
LPC 6.3 184.6 190.9 - 208.0 208.0 0.7 199.3 . 200.0 0.7 149.2 149.9

Total lipid (100%)

1680(100) 690(100) 2370(100)

2140(100) 540(100) 2680(100)

2220(100) 1000(100) 3220(100) 2260(100) 930(100) 3130(100)

* PE: phosphatidylethanolamin

PI: phosphatidylinositol

PC: Phosphatidylcholine

LPC: Llsophosphatidylcholin
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Table 3-16. Flour ash, protein content and flour ash/wheat ash ratio in

millstreams of Kru wheat

No. |Fraction{Moisture | Protein Ash Yield |Accum.Yield |Accum.Ash | FA/WA
1 1B 8.7 18.47 0.64 13.96 13.96 0.64 0. 328
2 1M 8.36 15.8 0.73 32.42 46.38 0.703 0.374
3 2B 7.4 21.68 0.92 3.62 50.0 0.719 0.471
4 M 7.36 16.25 0.98 13.08 63.08 0.773 0.503
5 M 6.95 8.02 1.16 7.07 70.15 0.812 0.595
6 3B 6.71 14.4 1.30 1.17 71.32 0.820 0. 667
7 |Red dog 7.5 21.08 2.9 3.17 74.49 0.908 1.487
8 Bran 7.44 8.57 5.29 9.16 - - -

9 Husk 8.5 9.49 7.07 8.89 - - -

Table 3-17. Flour ash, protein content and flour ash/wheat ash ratio in
millstreams of Suwon 257 wheat

No. |Fraction|Moisture | Protein Ash Yield |Accum.Yield {Accum.Ash | FA/WA
1 1B 7.48 12.33 0.54 10.17 10.17 0.54 0.302
2 M 7.41 13.09 0.62 33.47 43.64 0.601 0. 346
3 28 6.58 14.99 0.73 3.27 46.91 0.610 0.408
4 M 6.39 14.42 0.78 14.31 61.22 0. 650 0.436
5 3M 5.84 13.69 0.95 7.15 68. 37 0.681 0.531
6 3B 5172 15.75 1.0 1.35 69.72 0. 6388 0.559
7 |Red dog 6.17 16.72 2.12 4,13 73.85 0.768 1.184
8 | Bran 6.44 16.36 4.83 10.58 - - -

9 Husk 7.69 16.70 5.91 9.56 - - -

Table 3-18. Flour ash, protein content and flour ash/wheat ash ratio in
millstreams of Eunpa wheat -

No. |Fraction|Moisture | Protein Ash Yield Accum. Yield [Accum.Ash | FA/WA
1 1B 8.14 19.09 0.41 16.99 16.99 0.41 0.236
2 M 7.91 16.63 0.53 36.54 53.53 0.492 0. 305
3 2B 6.89 23.16 0.59 3.89 57.42 0.499 0.339
4 M 6.47 16.24 0.83 9.01 66.43 0.544 0.477
5 3B 5.72 24.23 0.93 1.07 67.5 0.55 0.534
6 3M 5.74 17.36 1.23 4.09 71.59 0. 589 0,707
7 |Red dog 6.84 24.73 2.75 2.91 74.5 0.673 1.580
8 Bran 7.41 19.9 4.87 9.75 - - -
9 Husk 8.44 19.86 6.07 9.76 - - -




Table 3-19. Flour ash, protein content and flour ash/wheat ash ratio in
millstreams of Chokwang wheat

No. |Fraction|Moisture | Protein Ash Yield Accum, Yield [Accum, Ash | FA/WA
1 1B 7.72 11.88 0.56 10.7 10.7 0.56 0.309
2 M 6.97 14.77 0.71 24.98 35.68 0. 665 0.392
3 2B 6. 66 15,78 0.77 4.2 39.88 0.676 0.425
4 M 6.37 14,88 0.8 12.7 52. 58 0.706 0.442
5 M 6.1 14.87 0.88 8.29 60. 87 0.730 0. 486
6 3B 5.76 17.25 0.92 1.71 62.58 0.735 0.508
7 [Red dog 6.8 17.07. 1.69 8.15 70.73 0.845 0.934
8 Bran 6.5 17.30 5.17 10.0 - - -

9 Husk 7.26 18.76 6.19 9.15 - - -

Table 3-20. Flour ash, protein content and flour ash/wheat ash ratio in
millstreams of Tapdong wheat

No. {Fraction|Moisture | Protein Ash Yield Accum, Yield {Accum, Ash { FA/WA
1 1B 8.26 18.21 0.6 11.88 11.88 0.6 0. 355
2 M 7.81 17.75 0.64 34.44 46.32 0.63 0.379
3 2B 7.21 22.63 0.81 3.34 49.66 0. 642 0.479
4 M 6.87 17.57 0.86 12,08 61.74 0.685 0.509
5 M 6.39 17.62 1.05 7.06 68.8 0.722 0.621
6 3B 6.05 23.47 1.16 1.11 69.91 0.729 0.686
7 |Red dog 6.44 22.41 2.93 2.87 72.78 0.816 1.734
8 Bran 6.71 18.31 4.91 8.98 - - -

9 Husk 7.91 17.58 6.52 9.72 - - -

Table 3-21. Flour ash, protein content and flour ash/wheat ash ratio in
millstreans of wheat mixture from domestic varieties

No. {Fraction{Moisture | Protein Ash Yield Accum. Yield [Accum, Ash | FA/WA
1 24 7.9 12.21 0.59 8.01 6.01 0.59 0.316
2 3B 6.05 10.89 0.7 2.28 8.29 0.763 0.374
3 M 7.93 10.67 0.84 18.87 27.16 0.816 0. 449
4 M 6.27 11.79 0.9 12,87 40.03 0.843 0.481
5 1B 6.35 9.73 0.94 2.01 42,04 0.848 0.503
6 M 5.98 12.45 1.02 7.35 49.39 0.873 0.545
7 |Red dog 8.65 14,94 1.41 13.6 62.99 0.989 0.754
8 | Bran 7.03 17.17 4.04 24.44 - - -

9 Husk 11.19 20.54 4.04 16.98 - - -
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Table 3-22. Damaged starch content in various

wheat varities

Samples Starch damage(%)
Kru 4.71

Suwon 257 3.90

Eunpa 4.08
Chokwang 2.66
Tapdong 3.84
Woo?ymiln 3.04

ASW 4.86

DNS® 4.55

b Woorymyl : mixture of Korean wheat varities
© ASW : Australian Standard Wheat
% DNS : Dark Northern Spring Wheat

s
A3E Table 3-23of Uehjglich mx DSC @IZ442] 1a ZAo] glolA] &
Al EE YElUE onset® 56.6~59.3C¢ Mg ©E, 23, 159
1, SR €22 velda, gy Z9E= 55.5CE Kar), ojgo]

gldo] ohE St dECH W g B olft AHEA &AEHAY B2

f
[40



o] ozl £ wWo| EYEe] AEHUI Y HoeE ugigic
of el ASWe} DNSE 4t WETE &2 63CHEE Uehle] dATe]
&3 Fuial Wake AETRY F4do] tiE AW Ee 4l A& o
). ® I3yl )ik go] 8~11.76cal/geE ASWLE DNSe] 2.0~
2.8cal/gRr} o} FTexol AUELS o 4 9t}

2832 2% FMe ASE Lt Wol ASWU DNSHU} we 2& HE B
o]z glom, etz ik o] ASWL} DNSol Hlsle] &2 2L o 4 gk
ol dukE oz HE2] DSCEAM g9lojA] 2x} F4S amylose-lipide] E¥ A7}
Uehles FE9340E oA dth olsjdh dd B Ao A& Aswe}

DNS7} Fujat WETHE o7 B AWTVE 2 3 JuIL 23} @
+ g,

Table 3-23. Differential scanning calorimetry of various
wheat starches,

1st endothermic peak 2nd endothermic peak
Samples
onset max, peak AH onset max, peak AH
(C) (C)  (calsg) (c) (C) (cal/g)
Kru 57.48 63.25 11.76 91.45 100, 28 1.43
Suwon 257 57.24 62.3 9.53 90.77 101,98 1.67
Eunpa — 56.6 60.92 9.21 91.88 102,39 1.87
Chokwang 58.11 62.13 10.21 92.98 103. 06 1.52
Tapdong 59.34 65. 04 10.28 93.89 103.12 1.48
Woorymil 55,53 61.19 7.99 92.07 102,14 1.71
ASW 63.93 70.65 2.04 96.89 100. 66 1.21
DNS 62.71 68. 53 2.79 94,08 102. 49 1.99
12, opd 2%t
126 2 W WeplE iUl AT A=A AAE Table
3-240] UEhAgITh HoAEE 4 25701 760 B.UZ AY w3, 2FWo|
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Table 3-24. Rheological properties of wheat flour in various wheat

varieties by Amylogram

(unit:BU)
Sample TMVY ITG® A¥ BY ¢® p® E” B s TSB!
() (T
Kru 92 61 362 320 330 620 590 32 258 290

Suwon 95 63 760 760 540 960 960 220 200 420
257

Eunpa 92 60 580 510 440 860 1340 140 280 420
420

Chokwang 92 67 555 500 425 780 1360 130 225 355
Tapdong 93 61 450 430 380 700 680 70 250 320
Woorymil™ 90 68 460 320 250 520 510 210 60 270
DNS'? 94 64 640 620 465 920 1340 175 280 455

Uy Temperature of maximum viscosity

2 116 : Initial temperature of gelatinization

3 A : Maximum viscosity

9B : Initial viscosity at 95C

5 C : Hot paste viscosity(stability)-viscosity after heating at 95T
for 60 min.

8 p: cold paste Viscosity-viscosity after cooling to 50C for 60 min.

™ Final viscosity : stability of the cooked paste after holding at 50
T for 60min,, E

® BD : Breakdown, A-C

® 8B : Setback, D-A

) TSB : Total setback, BD + SB

1) Woorymil : Mixture of domestic wheat varieties

2 DNS : Dark Northern Spring Wheat



13, sfg]xTefxzef &

A 5ol Fg e 2%UE

o A
-

u, M ¥

A=
L

e B

8%l Ao g velytc),

Table 3-25. Farinograph data on the various varieties of

domestic wheat

Weakness
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Table 3-26. Textural properties on the various varieties of

domestic wheat

Sample Area Gradient Distance Peak

(g x s) (g/s) (mm) (g)
Kru 7.87 10, 44 4.24 53. 04
W Suwon 257 4.65 4,43 4.39 38.90
H Eunpa 6.87 6.02 4.38 39.18
0 Tapdong 4.53 10.00 4.19 39.30
L Chokwang 5.59 7.99 4,28 4448
E Woorymil 10. 87 5.89 4.60 45,72
ASW 4,30 9.94 4.41 35.46
Kru 10.01 12.04 4.26 58. 08
F Suwon 257 6.41 11.00 4,40 42.12
L Eunpa 11,74 19.58 4,39 50, 58
0 Tapdong 5.94 17.28 4. 36 46. 58
U Chokwang 10.04 9.36 4.48 49.04
R Woorymi I 1,64 26,32 4,32 64,62
DNS 2.87 13.28 4.37 31.27
ASW 8.31 11.49 4.42 47.87
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Table 3-27. Particle size and specific surface area of 6 different

domestic wheat flours

Mean diameter (um) Median Specific surface area
Samples (4m) (n/g)
Arithmetic Geometric

Kru 39. 280 23.911 25,546 0.54
Suwon 35.966 20. 607 22.749 0.64
257

Eunpa 43.111 25,976 27.336 0.52
Chokwang 34.471 23.107 25.073 0.54
Tapdong 41.818 24,271 25.187 0.57
Woorymil® 37.115 21.717 23.010 0.58

Y Woorymil : Mixture of domestic wheat varities
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A azh. dAe=lo olEt Y29 ISVN=

A1d. 44

W) & (vheat bran) We] AEIFFoIN LS Fo FHBEA A
4 2B AAAE QUL of 15-20w7 ApENY, Wige F= B
23] (seed coat), FAZ(nuclear epidermis), Z&FZ(aleurone layer) 5%
o]2ojA glon, AE % MEFolA dF vlf(endospern) FEo] ZTHH
o? wrlge FEREL W EFuU shEHol whet Afolzt gley i
SH g~14%, AW 4~6%, wHUA 14~18%, FE 5~7%, ©3IE 50~70% 5
o2 olfold o, B8 o 40-50%¢] AlolMf HEo] BUY Y 2
o2 oA grp?,

AB7A WAL URE AR ARTA olgslo] Fouh, HT Aol
f2l Eol ez ZE AEdy At deA"EA "WIE :
Sold s AT arol Wusl AAHD ATk Wrg Aol
&

4 HEoE olFofd o} AF

€ T 7] &8 BRE 3| dUe AW
Aol wol &=l At Mold g $840 ulel wie ohE AeE
2E AFYrh & +84F Holdfe EF FdLEE AstE A U
A gon, B84 Alo]dfe Aol Wyl 4 AVl FIEAI} #of
¢ Ao Basm gdu® Fuel A9 Aoldf ol&e tiRE AEAY
o) 84 HoldAE olgY RY eyt FFE o]F: At mald,
g2 U8k ol Fuie] tide, Hu] T AR AWE fEiAME &

A Ao]d8e] FBeryjeo] eI Ao g ATHT}.

Az FuollAE oF 50008 (19949 71F)2] o] MaEz glon, &
glme] AE}Hol o 1,0008e Wrlgo] WSt gt e A $
Bl WL TIRE ASEA o]8HI g uEe] WrleY Holds &
g LY FHFAEY sge]l dasitl 53], Jufor AaEa gle YU
2 woke] Abgglol Akl gl7] wiRe] Wel ojulefd WS WIS
FEal Aoldf dEEAY JHA I & A2 vtdrt

a8y Wrgd Fe FERHd ZEZE oY AUEsiEs
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(lipase)7} W&ol AR} IM wrlgol A AsiEle Exdo] T
(L8 mlapa wrlgo] WA T AA o]&AIZIx] ¢S FAE F+ U
ZbEzge] Fgo] Wasith, YutFoR JtdFHL FHY bran Fof EX
Sl A4S ERAINA AAES A AL £ A& FAoE oA o
t}. x|27tx] ZE bran®e Aol tiFt AFEA Y tEFHQ o=
e GaNEste AUBHETLE BERAHIEEAN AZEE IA T
7}_]\01 I:]_(9,10).

SHdA el 2RY E2FU Helzzo] uel HERHL
gare nA, dAzE oM AE AEHY AEzFo
olub=t], o] w BHE 1R FEHT AL AEZY H24 ol T
£ Byl Zylo|tit¥ gy BY FRo} ¢ Ty A o
Halof tjat wrge] Ao uwlel chEA vehdcl IAFe Ffol= dAE
of ol3le] thsl MEIY] s}x|B-E(sidechains)E FASIEAM AEZHe AEER
99} #Ele] rhamnogalacturonan FZZAL AAAA F HgEE st
arabinogalactan®] 727} obglE]o] HEle] 48317} ok Zo® BaF
Qi AEY B ASolk Z2EY B Ea) stojd A2yt 233
Hoj ¥t 423Ul 1R 20F JZes oA ot ASHA LIE, m
7} o T 23| (bran)ofl thgt dAest AA B nXE el tistsd
= ke 7y} o]FojA ghor}, dxzlo] 2sle] A3 MEWo] £&3}
e kel tigh A dFAkEE AY vk
B dFoAE Ut Ur]&e Holds & Uty flste W&
15k odeirix]l dH e TAH Uy T2 Bz B wAs 9%
awslen, dxz) AR 484 EFY olytd EFE EAMIEEA
dxz TR WE T 2] uhge AolE AFsIgirt
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2. A233

E d3o] AgT dXelEFe] 232 UE Table 4-10] UEehidch A&
ToO= UW7& 300 g2 40 x 30 cm AElElA Z3te] Y& F 150C ZAR7|olA
2A1ZE B¢t 7tdstednt. Al ROE 100 g W7l 2S I AUTES7](Hesse,
Andre & Co., Model Re-1, Hamburg, Germany)ol Y& & 150C ofjA] 1587 7}
dstgch. AlE DRE WA wWrgd BS 3w 11328 42 ¥ 120C o
Edezola JtEARYTE AlE AWDRE WI]E HolAE(WUIEE =
1:3 w/w)E 1210C, 1.271¢48] autoclaveold] 2A17t Z¢t 713t F ¢j2] A&
DR}t FUT =AM =dARXsIACE. AlE MI+DRS ¢ HWIE

ufo] A 2 ¢jlo] B.(Samsung, Model RE-888BR)E o]|-&3}o] 7ldst & ="HAXRS}
drl. AE EX: 2& &A% 7| (Biler Brothers Co., Swiss)E o]&3}o]
Table 4-12] ZZolA Aatgoirt. BE A &8E #A7|Ea7](Goldstar, Model
GEM-350B) & ©]-&3to] 123t Eai3te] Al-&3tgich

3. oh:l}/\é?

2 -

A

B 105T AzMeg, R  Soxhlet o®, ZRthile
micro-Kjeldah'] 0.8, 3£ 2 550C 3=y = B2 40acH o] wja}
ZA st

4, Klason ]2y, A9 ol 2E4HUronic Acids)

Diethylethero]] &]3}o] ®x]H AJR 0.5 goll 24 N(72% w/w)
Zt

S o
g
o
=
B,

7Fste] 30T FZolA 2417 T Itk I o FF 110 nlE 71s)
o 2N B eR BE F AT B BRIEA stEsAZen, ol
48 o3| (Whatman GF/C)E o] &3dte] oJz}stgirt. ofzfxlo] ol g 2
FEES O 500 mle] =AL 2 o] & F 105T oA =l oz

Klason 23d& AFHGn®. o o), ojzeg HAuw

phenol-sul furic acid® o] 25t ZA4urS, m-hydroxydiphenyl® @) 23}

£,
)
£



Tdble 4-1. Experimental conditions for thermal treatments

Thermal Sample Operating

Treatments Codes Conditions

Raw RAW None

Toasting TO Dry oven, 150°C, 2 hr

Roasting RO Rotating roaster, 150°C, 15 min
Drum drying DR Steam pressure :@ 520 kPa

Drum speed : 3 rpm

Autoclaving + AU+DR 121.1°C, 1.2 atm, 2 hr +
Drum drying Drum drying
Microwaving + MI+DR 2,450 MHz, 10 min +
Drum drying Drum drying

Extruding EX - Screw speed :270 rpm

Extrusion temperature : 190°C
Pressure : 17 bar

Feed rate : 30 kg/hr

Dough moisture : 25%

— 74—



5. 22| % (Free Sugars)

A& 5 goll 80% olktE i
3,000 x golld 1087 daEzsigdrl. 459 A48 F fed ©$F
phenol-sulfuric acid®® e 25ted At on, EFELRA glucosed °]
£3tch

A|Z 2 A 2L Dintzis and Harris'®e] Wzt aacog@g &7
sA@sto] 25t AlE 0.5 gol 25 nle) ZR4E 71 ¥ 121C, 1.2 7]
otsto Al 1A]7 E¢Qb autoclaving sttt o7]o] 20 mle] 0.2 M acetate
buffer(pH 4.5)2} 5 ml®] glucoamylase(77 mg/ml: Sigma Chemical Co.)& HE7}
slod 55CollA] 2 A7 ¥rEAIZL ¥ 2,000 x gol A 158 F¢b AR sidnh
T A5dE A F Az I 3Msle] glucose assay kit(Sigma
Chemical Co.)& o]&3le HAE¥LE ZAYsldon, EEELEE glucoseE

AF-&steiT.

7. ¥ ElxHPhytic Acid)

3
2 &Asledrt. AR AR 5 g of 0.667 N HC1 100 ml & 713}
2A1Z Tt Al2olA wuistgih o]& 6,500 x golld 10E B¢ fdEed
F A5AE A3t oztdg IR B@ste] AMSsHrh. o 2ol & Dowex-1
resin column (0.8 x 15 cm: Sigma Chemical Co.)d FU3sla FF4E njE2t
2ee HA&stdrt. 2 F 0.1 M £ 10 nl& o}&35lo inorganic phosphate

E AAET F 0.7 M NaCl-g 15 nl 2 IEabe &3l Il gz



Wade's reagent(0.03 g FeCl3 + 0.3 g sulfosalicylic acid/l ml distilled -
water)& o]&38}o} 500 nmo A ulMHo® ARt o] wf, ¥F EUEE
9] €l Sigma Chemical Co.)& AM&3}eitt.

8. Alo]d 8 (Dietary Fiber)

Aol 8§ ek Prosky =®Blo] wio] 2]§t dietary fiber assay
kit(Sigma Chemical Co.)& A}&3lo] ZAstAch Aoldfe 484 ol
& (soluble dietary fiber: SDF)2} E-84(insoluble dietary fiber: IDF)&
Urol &3stg e, 72 23] &7@6}04 3 FEZhe® veigch $ Aol
28 (total dietary fiber: TDF)& A3t B Alo]Mgo oA A

Abstaict,

pit

9. FE&HAF & FEFHA T

2B 2 5)x]4(Vater Solubility Index: WSI)&t $EFZA]|$(Vater

Absorption Index: WAI)}&= Anderson‘®e] whHo o3} EFsldcrt. A8 10
b

goll B 100 mlE 7}3to) Ab2olA 1A12F 5ob gt F 2,000 x gollAl 108
7 guEelstarh o W A5 10 nlg sl FEATHCl ¥ F 105

T oA 4A7 et Azl TRWEUFS FAYT F WIE e o= 2

st

(soluble solids g/10 ml) x 100 ml

WSI = x 100%
10 g :
U, WIS GUBIY WUEY IRES IAY Al FRUVE 27
* st APt =, AFolA WAlE AEY 8748 FEES A

10. X% (Water Holding Capacity: WHC)



HEAIF
alo] WAEEx| ¢lg wizlA] ISE B oz A

Zolth, uwhelAd WHCE AlRe &

A FEEREHE Ushdrh

—_

3
e

P
o

2}

ol
R
nmo
use]

Y
.

Hedg AR

N

ol A 24]

L 5 mlZA 1 ml® &7}

AFIEA 2,000 x gollA 10

gich.

5t

-
-

AR =% (approximate WHC)E

7ol obefel Aol ejs) Azl

s

=

Al
=

15

A&7

SARSFY + 1

%) + 0.5 1.0 al

(15 - A]

30T oA 2417 Ax

‘1) OI‘%

4

1 Fof 2,000 x gollA] 10

17

A

S AEYHOE o] B4 (nl/g)L 2 3]

R {3 (0il1 Holding Capacity: OHC)

11.

A& 3 goll F7

o]& 2,000 x gollA 1087 &



AR F TS HEZ JHTL A3A fo] ARE 1AT 5L A
sty @l E2 7§ AASGCL o] of JEH A FEHE YIES
o= 2ol WA HEE o]F 78t ThA el Yot RF{HL 4

£ 1 g% TRk 7188 Fnl/g)2E Vet

12. 4=3}x] Z¥(Hydration Time) % ®33L%(Degree of Swelling)

g

gl =

)
-

o o lo

AlE 1 g& 25 nl A0 ¥ F Ay Unieg sy
Az Eol& dAA RXSHATt. ARl FF+ 15 nlE 718 F A=
viefo] $As] A& wiziA Y A g ¢HALLE 3dct AEJ f£3H
FF 5 nlE o 718 300C Aol WX|SIHAM o ol Hu Wit ¢
o A Eof &3] A" F¥](displaced volume)E FF3IAct. MUI=E 4
1 go] Xx|3He §-3](ml/g)E e ZT)

fu

fr

13. &&= (Bulk Density)

A& 25 g& 25 ml EEAYT ¥ F AUy ynige Ty wd
of tiste] 152 F¢t FEI F A&7} A ste F3E FFsch &34
Ex D EHT A8 FA(g/ml) = VERSICH

14. FA}A =218 0] 7 (Scanning Electron Microscopy: SEM)

b7&8 FHIRE FAIAAE ] 7 (Scanning Electron Microscope Model
1820: AMRAY Inc, Bedford, MA, USA)S 2 2,0008] Zciste] Hgsigct.

A LIE AR 103—% T4 100mee]] @3 Ad2olA 143 Fet
¥

= =3
A& of3hx] (Advantec #2)E ,; flabsted 484 EH(n
fractions: WSF)& +73tlon, 84 283 3oy 42(3%, 4, #



g, il HE 5)g BAsigrl. e, £84 BEHel &Hu|E e
isopropanol& 7]"5}0’1 ];ﬂ%% 4=A% ¥ o|E isopropanold} OIHELE A
3 AreolA Azsledch ARAIRE Bol =Y F(2% §) 6,500 x gollA 15
B7h dAEeyg ¥ A5 FEARIS $84 tidF(water soluble
polysaccharides: WSP)& ZA|5}ict.

T, 84 HAE odF (
WNSP) & ok o]  zAslgch. ¢l 84 el 40l
protease(Sigma: P8775)& Wil 37C oA 307 8123 2] (incubation) ¥t ¥

o]7lo] 2zt 50ule] a-amylase(Sigma; A3403)¢} amyloglucosidase(Sigma:
60ColA 1417 Sot A stgdrh ol& 6,500xgolA 1083

Zolo] 400ml2] isopropancl 7Istgdeon, MAEH HAES
1% o2 F FAAZRSGCL

water soluble non-starch polysaccharides:

16. 2 iz} I E2nfE 1 u)(gel filtration chromatography: GFC)

AlE 25mgE 5mee] FFHol Y3 oA 1 Al 5U¢ A F 0.45um
Whatman membrane filter& 01—8-3]-04 o stadct o, £ 2u8E Sepharose
CL-4B column(1.8 x 90 cm)e] F3t F ZFHSFE o] &3}l 0.3nl/ming] =

Hch
A

= gasigeon, Z7 2.1 B3}
4l 3d. Az ¢ 2%
1 Wl 3ata QB ojgt gAe &3
Table 4-20] Wrl& Y2 Bety 1ALz} sldA el wE HEe] ¥

312 Uehjgch 98 9720 42k 12.6%2 o] Cadden®of 2319
¥ ‘27134 & 252X (sorption isotherm)ol] &3l Ut HF L=l

25°Col A FEBHYET o 0. szoﬂ sigEch webd, 98 ool g 33
© @R Ao G4 AT S4B S B WE Aol LEH
ot elstolA Fol 94-6}0% 47 A7t ol 4 Y SEBYE P9

)

ol ol Aoz 3ictHTL



Table 4-2. Chemical composition of wheat bran samples

Treatments
Components (%) RAW TO RO DR AU+DR MI+DR EX
Moisture 12.6 0 0.7 2.4 2.3 1.6 6.0
Crude fat' 3.9 3.7 4.2 3.0 2.7 2.8 2.1
Crude protein® 16.6 14.9 13.9 13.8 14,2 14.1 13.8
Ash 4.2 4.9 4.8 4,7 4.8 4.8 4.7
Carbohydrates® 52.8 64.4 59.5 55.8 60.7 64.0 61.7
Neutral sugars 49.4 60.1 56.1 53.4 58.2 61.4 58.6
Uronic acid 3.4 4.3 3.4 2.4 2.5 2.6 3.1
Starch 20.4 25.3 26.2 24.6 28.0 23.0 26.2
Free sugars 3.7 2.6 3.0 3.8 4.6 7.9 3.3
Klason lignin 5.9 8.6 10.6 8.1 7.4 8.3 8.1
Phytiec acid 5.9 4.9 4.9 4.0 3.4 3.7 4.0

! Diethylether extract : *Nx 5.7 : ° Sum of neutral sugars and uronic acid

L71&9 GAzglo] A HEYY M & 4

4-20] Vlebct wie} o] gAelo] 2fdte] 4FFkaro] 50%o
o sk dAe Jked MY sEEPC] &
% Cadden™e] FHE2ZAol Jspd £ELH
gtd, dAele 7tggelM ndE dd, B4 ERAES U SEEEEY
7‘5’201] whel wrlgel el Jojd 4 9l

" T E AolE Hole HEL2 Klason Bladezx g 4o
%Oﬂ B]3te] of 10~55% F71stgich. A@WHAAM A3t uiel Zo] Klason
|22 24 N HS0s0f &8 7hp3] 9t 2 N HS0sofl &3t 7t A glol = E3)=
1 9t FE2E2A, &8 fad dEolYd] ddei= MSAEE
(Maillard reaction products), &Fd %& polyphenols, ¥dH A wiulz
52 TEST ATkTP. &, SlgTHelA UrlSle WL TR
S83Eol 3te] Klason 2] §aro] Fr13 ez ®Br} Anderson}
Clydesdale™ &  wW7]&L 100°ColM  30~6087 toasting e o,
Theander™’, Theander2} Wester'lund(m, Siljestrom? 5o WdiREE UdEA

=]
¥ mE AR, autoclaving & u] Klason g]layle] Z71slgdcin B2ty

(1.1

N
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B, felwe] AUE AFER molARgolBE Ae¥t AR} thE Al
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HAY &L Ay A E(resistant starch), WYL= ¥HEE Fol 4T MELZ

Aol d R4 BHLE e + glrt. IR ZFeele BT 2¥HY A

THe 77 9% B oUXE WLE slid], UEHoE GEPFU

U autoclaving™™o] olo] SAPYUTIT ¥ 4 Atk FHil, ¢E4¥el g
Azt olgdol® 1tz A% ARHE Fikstel e

3

THg gIAE Aoz duA At wide] Fxje AS =
AEY 7HdzAo] ohd widx WASHE AozT oA Qri. AE E°
toasting, roasting, baking oMo} Zo] HTH FF2AstA A
heat) AHz|shd HEL £ U=A}3}(small fragmentation)F 3L IEFEH ©]
2 ZAY3PHE A transglycosidationo] WAEste] A2E 2]

e 2o goA Jui®?. g, dolAE dFT uiet 2ol H

H
-
t o
S EY Aol AT Klason 2l HEL] BEE AoldEe widte] 7
|
ey

ARk ol BAE £84 AolUAE F7MATE U], FAL B8
Aol 4R E F7HAAT,

AlE DR3} A]E MI+DRE W] 23] R SOFUER Zhz}l 4.55%, 3.70%2A4 =
BAZY AlRo] Hsiel nolazgeln Hely ¥ =PAZNAL ¥ 259
484 Hold el Rl ALY A -.g_— og 4 olrh. ZdAul AR MRS §
SIS AlE DRECH W4 BTHFiz 4-2). ©] 2L ATe molazgeln ¥
elo] o3l 484 4ol %7}%}2111} 01—5— %ol Prosky 58] SIF &%
Hol HEHE 80% olPeols BAHA Uk AR} JRol7] HELE 54
gt}

3. WL EAol digt rid A e &3

Fig. 2& 7ldAelo] wE 7L +E&sA(Wsl)e] HM3}pE vehd
Zoltl, HUE Wr2 15.76%0] uvldte] A& T0, RO WSI: Z+z} 10.16%,
10.87%2A4 oF 355 F= ZrAstgct. ZAAET A8 848 H4EE 24
3 Bl 2o njstel whuAe daro] A A Ao Ueiyn®, &,
ZAdAglo] &3 whildel Wdat 1o whE E83+& Al® T0, ROY WSIZ}
Z4asHA B FHdL Ztde), Hidoel FEA R e AR FPele

A
1o %
1, MI+DR, EX2] Z$ oF 65%2] WSI Z718g 24
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WSI7} S71stels 53
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. 3
53} olelo] AT HOIN HAEA NBAZY e +23HE Sl @
O Ao malth SAMIME Thydel WAL AE, Aol
S whig olely) gRo| wo| 4gstsle] AMH fAET 7Y 2
AADT. AR MDRE A 284 Aoldfel ¥Lo] HALoE B
WSIZF TS Ee AL AEAEel £84 Mol tiy sy wlEe
2 moltul, o] Z& AI Table 4-204 AElpe] falwto] e
st Aztet Ak,
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Fig. 4-3. Effect of thermal treatments on water holding capacity

(WHC) and water absorption index (WAI) of wheat bran (dry basis)



Table 4-3. Effect of thermal treatments on bulk density, hydration

time and swelling of wheat bran (dry basis)

Bulk Density Hydration Time Swelling Bulk Density

Treatments (g/ml) (sec/g) (ml/g) x Swelling
RAV 0.39 340 4,58 1.79
TO 0.49 © 1,550 3.90 1.91
RO 0.51 970 3.97 2.02
DR 0.51 2,550 4.82 2.45
AU+DR 0.54 1,590 4,91 2.65
MI+DR 0.57 820 4,37 2.49
EX 0.55 7,890 5,53 3.04
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Fig. 4-6. Scanning electron microscopy of (a) raw, (b) toasted, (c)
roasted, (d) drum dried, (e) autocalved and drum dried, (f)

microwaved and drum dried and (g) extruded wheat brans.
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Table 4-4. Chemical composition of water soluble fractions of wheat
bran (dry bsisis % w/w)

Treatments
Components RAW AU+DR MI+DR EX
Carbohydrates ,
Total sugars 32.4 55.9 62.5 68.9
Starch 3.6 31.1 30.9 41.9
Free sugars 32.0 26.6 38.6 19.1
Protein 17.1 15.1 10.2 7.9
Ash 19.3 13.4 9.1 8.1
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Fig. 4-7. Sepharose CL-4B gel filtration of water soluble
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polysaccharides (WSNSP) of wheat bran
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Table 4-5. Neutral sugar composition (%) of water soluble
polysaccharides (WSP) and water soluble non-starch polysaccharides

(WSNSP) of wheat bran

WSP WSNSP

Sugars RAW AU+DR MI+DR EX RAW AU+DR MI+DR EX

Arabinose 5.50 5.70 3.85 5.21 13.51 18.056 13.24 19.61
Xylose 7.42 9.35 6.58 8.52 15,63 29.97 23.09 32.28

Mannose 0.77 0.39 0.27 0.18 0.63 0.84 0.71 0.61
Galactose 3.11 4.33 3.23 1.28 9,57 5.91 5.87 4,03
Glucose 7.04 46.61 63.32 87.25 3.87 6.74 8.94 6,86
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Fxy (L, 18, ¥5)E AR F£o HaA FHLS texture
analyser(specific volume)& A}&3}o] TPA(texture profile analysis) test&}
cutting test® Altls}glrh. TPA test £EZ72 probe:¢ 35 mm, graph type

force vs time, force threshold: 20.0 g, distance threshold : 0.5 mm,
test speed :0.5 mm/s, strain: 50%¢151, Cutting test RS test speed:
1.0 mu/s®3, o]2le] ZAL TPA test ERZAI SUsigch. oluf A&2]
71 =7 3.0 mn, Yol 3.5 me] Z4E TPA testd] A+ IS &4 5
cn® Zel Yo| W d-EET o} AT, cutting test TPAS} FUsH

22 3yiete A" ¢lo] F HA YE 2T F AAsch. 7 AZ
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1. Appearance

1 3 7 9
extremelyi i i iextremely
bad good

2. Color
1. 3 7 9
extremelyi i i iextremely
bad good
3. Texture
o Hardness
1 3 7 9
extremelyi i i lextremely
soft hard
o Elasticity
1 3 7 9
extremelyi i i iextremely
weak goood
4, Taste
1 3 7 9
extremelyi ; i iextremely
weak strong
5. Acceptability
o
1 3 7 9
extremely} i i iextremely
unacceptable acceptable

Fig. Questionnaire for sensory evaluation
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Table 5-1. Textural properties of noodle by TPA test

Textural properties

Sample
Springiness Gumminess Cohesiveness Hardness Chewines

(g) (8) (g)

Control 0.27+0.02 685+142 0.34%0.02 2015%355 186,550
Kru 0,29£0.03 1180+369 0.35£0.02 33351065 348.0+137
Tapdong = 0.33£0.04 1571 1446 0.34%+0.02 45581230 532.4+201

AgkAl 8 (cutting test)?] Z-$(Table 5-2) AIAZLS tfz3et IFLUE A
28 Z4o ZA9E Z zlolE Urhix] 4oy, HEEE A
2.

343ge] =S REAW tfr o] Hsle] o 2uFEQ 604g2] ZEE BRIon,

Ao gAle] WA} gradient® thxTol] wlsted U W AZY 247}
o Be e B4ty =4l $ds] AUEAAZA Bl AYsE Az:
G277} 8.1 mE THE F4ETH 2 Holug AlARITh  oldz gol Zd

A ZHAESel Uy B454E 2% $9UE AZY F4uc 2y U

Az B4} DRIHAE Dego] out, APEE 4T UL AT ¢ 4
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Table 5-2, Textural properties of noodle by cutting test
Textural properties

Sample

Hardness(g) Area(gxs) Gradient(g/s) Distance{mm)
Control 343+19.7 1051 +106 44 1+£5.8 8.1+0.9
Kru 379+£28.6 110278 58.8+7.8 6.7+1.0
Tapdong 604£48.1 1689210 89.2+13.6 7.0+1,2

Tl AA¥E AzH(Table 5-4)

Z|
A8L tizTet 3% lelo] & Xolrt gen, ¥EY F47 e S
Rolx, HA, gradient?] B¢ 2z A} HU3 FHE By}

ol’ge] Aztelld Fa Zelo] sl vy $APL BT £
YEE A2 cizFet FU4 9 282 A2 Frp ANHo R n%
54 Holu, ©@EUe] AeE AU Aad 23 ¥PUS ¢ £ 9y
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Table 5-3. Textural properties of cooked noodle by TPA test

Textural properties

Sample
Springiness Gumminess Cohesiveness Hardness Chewines

(g) (g) (g)

Control 0.55%0.09 1214+121 0.52%+0.03 2326212 675.4%143
Kru 0.58+0.05 1473+170 0.47£0.03 3127£258 857.9*152
Tapdong 0.56£0.08 1432147 0.49£0.02 2934296 788.9£153

Table 5-4, Textural properties of cooked noodle by cutting test

Textural properties

Sample
Hardness(g) Area(gxs) Gradient(g/s) Distance(mm)

Control 3041+23.9 1174245 39.9%6.4 8.3+0.9
Kru 275+23.9 1028 £218 32.4x7.7 9.5x2.2
Tapdong 408=*38.4 1497 +398 50.9%8.4 8.4%1.4

izl it UE AR S0 iyt BEAAE AT Z(Table
5-5) Te Fgwel thzst 1Y &2 6.89 AFE Eoded ol vzT
L wae] Wyl Wil g ZEFo] 4o Il ARA =AAT
P2 Ao mitEich MY Fe: tl2TE MY &2 4L Eded ol
£ 4L waolojol Yrie RTUTRelT AU ARHL
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Table 5-5. Sensory evaluation of noodle made by various wheat

Sample  Appear- Color Hardness Elasticity Taste Accep-
ance tability

Control 6.8+1.1° 7.0%1.1° 51+1.4° 54*1.5 7.0%0.8 7.1%0.8
Kru 5440.8 6.1+1.2° 54+1.3 57+1.0° 6.3%1.0° 6.4+0.3
Tapdong 4.9%1.2° 54%1.8 7.1+1.1° 57%1.8  41£1.0° 4.2%1.4

F-value 10.81" 455" 9.5" 0.13 4" 20. 68"

* significance at 5%

i,

Fig. 5-12 =8| H23 F3PF AIUPAS] A5178(hardness) 2t He AL
el Aurdel FBUAE 2ARE A3 71AE FEUS WepARNl B2 A
€ Holch E =g A3} x| ¥ A FEE e BEF 712 UA
E AR 23 AL 0.90132] &2 ke UEMScHFis 5-2). & 71AH
1 Aade] F7I8HE J|EmE ZAaslln, WA FEF Ads) r3ee
A 2ARY A3HFig 5-3)% 0,999 &2 JAUAE Uehlo] I 7|2= %7}
off QlolA] Azde] 8yt A7t He & 5 ek
o2l Aztelld vizFrt At ez JRURT: 4T 52 JXEE UE

2

3E
FEE At S8 24AF A

>
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Fig. 5-1. Relationship between hardness score of sensory
and hardness by cutting test
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- ® After cooking
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Fig. 5-2. Relationship between sensory score
and hardness by cutting test
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MATERIAL FLOW

1 VATER THERMOCOUPLES PRESSURE TRANSDUCER
P fm o3 . e
DIE PLATE
7,
SECTION 1 SECTION 2 SECTION 3 SECI‘ION 4
THERMOCOUPLE

Fig. 5-4. Schematic diagram of twin-screw extruder
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Table 5-6. Physicochemical properties of wheat flour(WF), wheat bran(¥B)
and mixture of ¥F and WB extrudates

Sample Moisture Color by Hunter Bulk density Expansion Hardness IoF" spF?  ToFY
(%) L a b (g/ml) ratio (g) (%) (%) (%)
100% WF 5.28 81.52 2.11 18.28 41.6 8.0 59.5 1.79 2.88 4.67
75/25. 5.36 76.67 2.77 17.24 37.6 5.5 104.8 10.25 3.50 13.75
50/50 5.47 75.7 2.9 16.92 29.6 4.0 172.3 18.04 4.75 22.79
25/75 5.62 70.35 4.02 18.39 36.3 2.6 288.4 26.04 5,27 31.31
100% WB  5.33 66.0 4.91 19.64 38.3 1.8 466.1 34.71 6.07 40.78
Y IDF : Insoluble dietary fiber
B SPF : Soluble dietary fiber
¥ TDF : Total dietary fiber
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Fig. 5-5. Cereal products extruded from wheat flour(WF), wheat bran(WB) and
mixture of WF and ¥B: (1) 100% WF: (2) 7525 WF-WB blend: (4) 2575
WF-¥B blend: (5) 100% WB
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Fig. 5-7. Products of Woorymil flakes
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