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SUMMARY

I. Title
Development of Pre-treatment Processing to Improve the Cooking
Properties of Brown Rice

II. Objectives and Significance

This study is aim to establish the specification the continuous
equipment of super—heated steam pre-treatment under the basis of the
optimum conditions fined out through analysis of effect of the pre-
treatment on cooking characteristics of brown rice, which include thermal
hydration properties and gelatinization phenomenon.

Brown rice is being preferred because of its high nutritional benefit.
But palatability of the mixed cooked rice may be inferior to regular cooed
rice since the cooking profile of brown rice may is different with that of
white rice. Therefore, the modification of cooking property of brown rice
which makes its cooking profile coincide with that of white rice is

needed.

III. Contents and Scope

1)  Optimization of process conditions of super-heated steam
pre-treatment for brown rice

- Establish model equation of cooking parameters for analysis of
cooking kinetics

- Design and fabrication of lab. scale apparatus

- Analyze the effect of process conditions on change of thermal



hydration rate and cooking properties of treated brown rice
- Find out the optimum range of process conditions for the continuous

process equipment

2) Determine the technical specification through process analysis for
design continuos equipment

- Analyze the energy balance and process conditions

-~ Design the continuos loading valve and determine the scale-up
strategy

- Determine the specification of key parts and process system

IV. Results and Recommendation
— Design and fabrication of superheated steam treatment apparatus

Lab. scale batch type equipment consist of a treatment chamber(dia. 30
cm X height 50cm cylinder with 2.5 Kw electric heater jacket), a pressure
meter and two motorized valves which were controlled by PID circuit,
and 5 Kw superheater where 6 sheet type baffles were inserted into the
steam tunnel to control the degree of superheating. The key process
variables (temperature and pressure) were able to control in the range of
125~240 C and 1~4 Kgf/CD'IZ, respectively. To load and unload the raw
brown rice without break of the steady state conditions, two gate valve
were attached at the top of the chamber and mesh wire dish was
attached at the bottom of the feed throat in order to hold input sample
for the desired time.

Brown rice was pre-treated under condition of the temperature of 12



5~160 T at constant pressure of 1 Kgf/cm2 for 1 min and collected for

analysis.

-~Measurement of cooking characteristics for treated brown rice

A new model for the gelatinization of brown rice was developed by
introducing the time-logging factor as function of time. which predicted
well the degree of gelatinization of brown rice(R?=0920) in the
temperature range of 65 to 80 C and the reaction rate constant have a
form of Arrhenius-type equation.

Generation of pitch hole and fissure on the surface bran layer of the
treated kernnel was observed by using microscope equipped with CCD
camera. The trend increased as the treatment temperature increased.

The water diffusion coefficient(D) derived from the Beck’s model for
treated brown rice showed different values according to the soaking
temperature. At 60 T. far below the gelatinization temperature, the D
values of treated brown rices were higher than that of milled rice, but at
75C, almost same to the gelatinization temperature, the D values were in
the middle of those of milled rice and intact brown rice. This was due to
the fissure and pitch hole were clogged by swelling th starch granules
which imbibed sufficient water above gelatinization temperature

On the DSC thermal curve which determine by subtracting the 2nd
heating curve from 1st heating curve obtained with single whole kernel
during heating up to 150C at heating rate of 5C/min , peak (Tp) and
complete temperature(Tc) and endothermic enthalpy of gelatinization for
treated brown rice were closed to those of milled rice as the treated

temperature increased, but onset temperature (To) of all samples have no



significant difference.

After cooking by a standard method, the texture value of pre-treated
brown rice analyzed by texture profile method were between those of
milled and intact brown rice. However, springiness and hardness showed
the significant difference at level of 95%.

The above results indicate that sudden releasing following the
exposing brown rice in super-heated (dried) steam at high pressure for
short time can be successfully employed to change closely the cooking
quality of brown rice into that of milled rice by induction fissure on the

surface bran layer.

- Determine the technical specification through process analysis for

design continuos equipment

The continuos pre-treatment apparatus is finally a screw conveyor type
using high pressure superheated steam which was determined by analysis
of a batch operation. The main body is a horizontal long cylinder, in
which the feed material are conveyed by a ribbon type screw and
thermally equilibrated during residence. As loading and discharge devices,
specially designed rotary valves are used. Operating pressure is from 200
to 360 kPa and steam temperature is 135- 250 T at the inlet and 120
-200 C at the outlet. The treatment system is a closed system, and the
steam is recycled by a blower and reheated by a superheater.

Its capacity ranges from 100 Kg/h to 300 kg/h. The equipment cost
estimated US$ 25,000 for th 100 Kg/h unit.
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2. A& system
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A3 9131, analog input® WY+ E£10velt) 1¥al o] RES 4 Hz €
10kHz9] jumper-selectable lowpass filterS 7}A|3l 9Jow, 1, 2, 5 10, 20,
100, 200, 500, 1000 % 2,0009] software-selectable module gaing <& <
Ak o] EEE 12 bit] AFEE 7HA AL dE SCXI 12009 DAQ EE9
Ao AR AT SCXI 1200 BE-2 stand-alone module®A 874¢] o}
Y271 single-ended input channel %+ 471¢] differential input channel®

HEo] Zhsslt), 2 AES 93 AAEE T d9 thermocouple®] AHEE
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2o National Instrumentsol] A pre-calibrated programell <3l 434

= EAYES S @8, AZAcge] FEE 0% amEdel:
National Instruments®] Labview(version 4.0)° <3| 2273 =HAo}k 1¥
) : . > s
1-62 LabviewZ o] &3 A28 Tz coded YEIH Holw, 17
1-717 1-82 L35 7] HAZAY 2EE A3 o & vekd Aol
M | ] (. = l Teal o o '__% - E——
device(l) prEvaUE erroT IR ": ] binary amplifier offset fmm frame 0 i ;
] LT U|ES] T continuo . -
(T [313 ] ] E shuffer size>. Fﬁ_ﬁ] us @ _
deg C (01 ' " e ¢ = S
250deg C)  [H] ] <nummber of chans< Pacan s> ]
3 i r . <error cluster<.—.
) Fr—i -< taskiD >——
TC type (T) -
scan ‘ pFalsch] Iemperatur
LAsd ) ! (deg C)
g:'r::pr;sntfn 1 oot i ilatest temperature o] Fm" ot
average ! ' = [ =
for each IE - :
data point : skt e rbacsphacopON PRl 103 Cisstamncascinasieel 1B
i E"“ﬁ@ I m STORCTE] 1G]
!i"“"' .\T..-i T |:0Il:| junction voltage from frame |
| -
f
== |

HAAE| LabVIEW | B 5CX-1100 Thermoco... |[E§/SCX1-1100 Therm... B 2353 '

mi

&

&
Lt
1
)

Fig. 1-6. LabiewZ ©] &3+ A

26



&= SCXI-1100 Therrmocouple, ¥
File Edit Operate Project Windows Help

(2] (S]] [T21 Avplicalion Fort <] 3o <] [6a ]
For instructions select

device(1)
Show Ml Info from the

4
1 :
channels (b0 sc1 ! md2 | 30:31) Chﬂmh'" Temperatur (deg €)' """ "*70

H0 h I 3IJ
oﬁset channel 3]

(ob0! sc1!mdil

[obUT scTTmd2T calgnd ]
cold junetion

channel (ob01 sct|

[oBO0T scTTmd2 ' miemp |

number of samples to
average for each data

g a0 You must stop . ]
scan rate the acquisition I 245.0
(512 scans/sec)to change any latest tlemperatura dq&.op
E 11| input TC type (M4 T fchan gn_mm{?g— ; J

4 paramelers,
input Iimits in deg C (0 to 250 &Qﬁsnsor ;_.'ﬂl
L | Figh i[mil Iu=w il TEGds Sauice
ﬂ I !1 ; no errnrl i || |

!‘lf;

Fig. 1-7. Chamber W39 LXE ¥ (Z7)&%: 130C; £71%: lkgyem?)
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|5 SCXI-1100 Thermocouple. v
Eile Edit Operate Project Windows Help

(1) ) [ T2t Applicion Fort ] [5 ] [ =]

For instructions select

ar Show VI Info from the
! .
channels (ab01 scl | md2! 30:31) Chamber Temperatur (deg C)'/"/""/< M¥.
Ll I{i ]I 30 260~
offset channel 200
(ob0! scl! mdi|

Tsc1Tmd2T calgn ’

device(1)

cold junction
channel (ob0! sci |

[obTT scTT mdZT mtemp |

number of samples to
average for each data
5 00 ¥You musl stop 0.8

scan rate the acquisition 0.0
(512 scans/sec)to change any

TC type (T) [T [chan gﬂ—“'— I]

latest temperature dnéomp

5|5TZU—] lnpu(

Input limits in deg C <0 1 250 &é‘?:')"’“f'l’]’uljﬂl d

8 PHTa T Tow Tk Sl

ngEU'UU'I g[ﬂ_ﬂ'ﬂﬂ_ |no ermrlp‘ I =l
BN
AR 2Jtemp,hwp - 0,94-1.08,,, | LabVIEW |[E§SCxi-1100 Therm... D emnm
Fig. 1-8. Chamber W49 ¥ ¥ (F7]25%:130C; 5719 lkg/cm®)
o}

¥ BdTr9 Ay 2% 2 ¢h2e] 130T 2 lkgy/em’d
0.14Kgy/cm®
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A 3% A dve HANREA nw
A 14, As @ 9wy
1. 28A4=%

2 A9 ALg"H Age gy %U](Japoniéa~type brown rice)?l &3
(Dongjin) 2. 24 1997 x4t W& FYNA 7dst 4AE A HA7]|(Satake
model 101668, Japan)® A &@A3}i, Ju]7], color sorter 5& Alg3te] A
HebS st vid Hoz ¥A35te 4T HLdd] RastdAA Alg2 A}
3. dx2T duje ARErE 2F =AU 93l =R 1187}
A =AsY FAEE AMESIAT 24 AgGe 5HE dFo e ASE
EF A 938 AHEeTh

2. #4357 A9

2 A7z AAAG g AFRRAMF dYAY) FE F7) AHEA
€ ol&sto, A# chamberd %L 1Kg/arZ LASFA FAsEA,
super-heater®] 7}14 2% & 120~180C WA =ZFHdd 34E Z7)9
super degree® Zd3l chamber?] ¢3 2 &7} HYPo =234 o,
Alg dU(F 300g)E FY valved: e TP F, IA Az A F,
HA43] vent valveE €ol AAILE =A3ATh HE| AaE 30870 4

of A F g TS ARe G BAARR ALEHAT.

o
o
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&z
< AMgetdw #edvA  (Leica DMRB,
Germany)°l X5 tEAZ7 AgHgow, JARNAXE= color digitizer
module (Oculus-TCX, Coreco Inc., Canada), 2/3” one chip color CCD
camera (TMC-74, PULNIX America, Inc., USA), Pentium microcomputer%
o2 FAHAG

of AFAel e EAFE AAG Be A IhFozrY AE NF
FEEMES AN 4L Had 28 o)F WY 1 JERE A

3, FEFFEE 2 FAATE Beckers] EAbHA ) 9ste] Aibal

E —my = k()\/_t
&9 7] FEIH(g H0/g dry matter), m & UdAAZ X

A=
T

ol

2
A %o $EEFH(g H:0/g dry matter), t£ FAAZHmin), kE T
A
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9. +3 AR @ve) $3E 24

33 4L 9% amylose/iodine blue value¥ Birch®} Priestley23)] 4

8

g dvE T2 Bzt E4% 028 10M-KOH €9 2mE
THT BuE 7He F 10 £ 2wt o8 AR st A
9 1mE Hstx 05M-KOH 04mE 38 ¥ FHFE Jleted 10m7 o
T5 4d. 9719 iodine €< 0.1mE 713ln E£3Y EFFEAE 600
nmol A FFE(A)E SASHAY. FE, I0M-KOHE Y 5ml, FFF 95mlE
ot 2ol Asti 05M HCl Iz F3ste] 2 T2 EB)E &A35d,
TEEo H(A/B)E S3ER AT old AAR ABHE TIE 002
33, AT Age ABHE I3L 1R 9, F AEE 112 &35y

S 9o AB#ES 33%= 052 3t EF 33E Yz g ZAdY 3FE
= =

o{ﬂ

El

[«
-

Ll

o A dvle A 549 27

1) DSC thermal Curve¥H]x

DSC o ¢]% thermal analysis& $13 A|EZFA|, calorimetere] ¢]% scan,
curve®4A 2 thermal parameter®3A -2 Mashall5(1989)¢] #HS F 83149
o =, 3437 AP Alge dxTEA Hue drE AE 754mm,
o] 297mm, ¥4 0.178mm, & %F 60xLS] stainless steel capsuled] Eo] 2.34]
7t =& Halo 53 3 dule 4d20dA 458, dvles d20A 5A17F
2] ¥ DSC (Perkin-Elmer DSC 7)€ o] &3l & d=X(thermal curve, 100
data point)& T3t DSCEAZAL 30TCoA 150C7HA 5TC/29 &%
2 7FE3ta 150CoAA 1083 holding, ©HA] 30C7HX] WZ4AIZl ¥ 129 2
< £202 23 Jtds 1A JHE A de FEFAAAM S 23 THEA ¢
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de FAFAL A Qe FHL olgste] £8 MNLE, peak X, 3

v oA 2% 58 3513, base line9le WAHE AAEld EF<E enthalpyE

2) AR g @rle 2A5A

7hH BE A
2 xE Al @7 20g€ 100 ml YA B (screw cap ®)ol ©ol 7t &

LAOV/W)S2 & o] FRFE 718 F FAL BL AS(220)04 30
27 AXA2 % vl k98 27 30cm, kol Beme] BE EolA £37)
g olg3tel 0% /tFe T, AL AAT F 1087 T B

1}) Texture Profile analysis

Hurg Aure] A ZH(texture) AL texture analyzer(MODEL TA-XT2,
SMS, England)E A}, texture profile analysis(TPA)#HHdll ¢Jsto] kA
onl o] w WL A && FA &HFL S FATFA.

27 F N5 W3lE Hiazsr] Astd A222T)A4 WAEAE S A
2 AY 30870 XA F dAAE FEFEY WS EH sk, TAS
probe(flat type dia. 50mm)& AH-&3l4, speed 60mm/min, strain 0.6¢ %3
o 2 249 biting 3t 271¢] force X strain curve® LA curved ¥4
Appendix 29 Ze WAS AE3le 7 A5G S AAstATh 93]
B =A% zte] HFFL ol&3sle] SASEA ZEIHWE AHE3te Student

-Newman - Keul multiple difference test® AAldte] BAA FIAE el

rlo

gtk o] W Zb mechanical parameters®] dimension< Hardness
(force:mlt ?), Cohesiveness(Ratio: dimensionless), Springiness(Distance: 1),
Adhesiveness(work:mFt-?), Chewiness(work:mFt-?), Gumminess(force:mit %)

¢} 73 ol o #EAH EAL Appendix 13 2t}
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A 248 A5 2 nF

LA 2w FREE @ S35

7hH AALEE 3145 =(By Beck’s model)

Jeo] ele mAo) 2ol A nonstationary-state 4F WA AL o3 2t

12 et ee e e e e a e aen e e
M=1 \/;rX-i-BX (1)
o 7} A
M= X=-SVDt
ms_mo V

ukel X9 zto] ZA W BXE = BAE §F o
FAEH.

[1:1

2 4L vha3 2ol

g Agdsz YEyw tes 2o,

%— my= ko\/_t

A7 ko=Fe (m— m) (5 VD
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7}

rr
ool

W, X ol &AL BE A1) 9t FE 9 FAIZE] A F ol

vl g stA fo

AHERE AR E BHEARE VMRSt FI(V) EHAH(S)E FEx, A A

dAHe THE(Fig. DVEFH ke & Tz, &4 AFE #+3 23y

Table 3% gkt Avle FEFFEEE 0.03569~0.1049min V22 A wu] 9
H

0.03474~0.2648min ? Bt} F& ¥y By

olN

A2 o7 BAAF(D)E Arrhenius BA A sty AANUAE T3}
W Aulo)el Hul 77l 698 2L 959 cal/moleE Ho], wulel &Hnjg

hydrothermal 53 o] d&& ¢ + UJUTH

Table 2-1. The Calculated values of the hydration rate parameters

of milled and brown rice

Soaking ko D
temp.(C) (cm/min) ( x10”° cm”/min)
milled brown  milled rown
60 0.03653 0.03356 4916 4414
65 0.04658 0.04229 7.990 6.576
70 0.05096 0.04780 9.563 8.402
(i) 0.06970 0.05646 17.89 11.72
80 0.09817 0.06887 3549 17.44
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A71A o' 3% (decimal)
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2 (A Akl dEA dele e FEE BZAE 5 3
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o =1—exp(—kt") .................................... (4)
del 4 @Ws 4 @7 428 Fhon,
3 FANA UEhs ABAD GHE Bger] 9u B A7 44
4 kg 2o AFAL FAR) st A BE WHGEEA
Fo Wale BT, 718 B& 14 HeRYe) Ao vwaA.
WA 4 (DE olgste Al BRAYE BAY AW, A B AnA
F4e) n @ 01752 vhebg

oo,

Fig. 2-1& AZAR Z37 dd® 88 14 HSEgdAe) MeETys
£ UEd Aot Fig. 2-1614 RE uish 2o] 80T FMEE A9sw
WAz B WHeEEAST AAY R AANEZE B AT 4

©650C A700C m750C @80cC

=) =)
S La
] T

Reaction rate constant (1/min)
g
¥

|

oo
s
s |
s |
8

Fig. 2-1. Reaction rate constants in the modified
1st-order reaction model for the gelatinization of
brown rice.
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#hol= B7star Azl sl X

008
@ 650C &700C W750C @ 80cC

~ 006 |
£
§
g 004 -
g
g
2w}

| \\’\T—’\’_‘T‘—‘—v—,

[ 20 40 60 80

Fig. 2-2. Reaction rate constants in the simple
1st-order reaction model for the gelatinization of
brown rice.
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Fig. 2-13% Fig. 2-2& 4Yus3] 29H & F A= "} Zo)
Hqe oo 33 Fo=w

ted 4 (B9 2ol chelugx 4oz g & AN

k=3.69 X lOBexp(—llélOO/T) .......................................... (5)

(R%=0.876)

o714 T: AU2= (k)

%4, Fig. 2-32 dvls 538 RYold wess4se) 42
Jebd Aot

04
_E\ 03~ ]
=
g o2f
§ |
&
3
& 01}

n
0 ) | |
335 340 345 350 355
Absolute temperature (K)

Fig. 2-3. The measured and predicted values of
reaction rate constants with respect to absolute
temperature in the new model of brown rice
gelatinization.
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aen, AAeEd dvle) astEe AZFH dE% vwstelnd 4@
of 93 dvlel BHE o %gke W@ 2ol e Fig. 2-4 % 2k 1
oA Benkel 2ol 80T A& AYstH ¥y 14 vrgEgo] 9g &
e E3E S AZFA F YASFE 2L G F Atk ow 2YY

a =1-exp(-kt")
A7) A k=3.69 X 10"exp(~11400/T)
n=0.175

olmf 2ye ZAATE 09202= YERTH
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@ 650C A700C WM750C @80oC R 2=0920

Degree of gelatinization

80

Time (min)

Fig. 2-4. The measured and predicted values of the
degree of gelatinization for brown rice.
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Fig. 2-5. Comparison of surface appearance of brown rice treated
by super—heated steam to that of control (from left : untreated
milled rice, untreated brown rice, brown rice with treatment 1,

brown rice with treatment 2, and brown rice with treatment 3).
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Fig. 2-6. Surface appearance of untreated milled rice

(viewed by optical microscope with X5 objective lens).

Fig. 2-7. Surface appearance of untreated brown rice(viewed by

optical microscope with X5 objective lens).
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Fig.2-8. Surface appearance of brown rice treated by super—heated

steam of 127C and 1 kgy/ent for 1 minute

Fig. 2-9. Surface appearance of brown rice treated by super-heated

steam of 150C and 1 kgg/en for 1 minute
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A ——

Fig. 2-10 Surface appearance of brown rice treated by super—heated

steam of 160C and 1 kg¢/cnf for 1 minute
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3. AN R FANMEA v

7} FEEE

dvlE AYTERZ 6575C B FAANRE W9 Fa&x ¥ FEFA
A4 (D)E Table 2-2 o] YeENATE Foll Uebd Az} o] Az dre A
2 65CNA e FAAFE 200402 Wule] 784t & S e
FEFF7] Ak FEARAN & F dRe] dn FF F=

Table 2-2. The calculated values of the soaking rate parameters of
milled and various treated brown rice.

Treatment ko(cm/min) D( x10-5 e¢m?2/min)
type 65C 75C 65C 75C
Milled rice  0.04627 0.11970 7.8840 52.764
Brown rice  0.03974 0.07786 5.8036 22.278
Treated 1 0.08563 0.0962 26.946 34.009
Treated 22  0.07182 0.1031 18.955 39.062
Treated 3°  0.07553 0.1015 20.964 37.860

Y Treated by condition of 1Kgy/cm® during lmin at 127°C
? Treated by condition of 1Kg¢/cm® during 1lmin at 150C
9 Treated by condition of 1Kg¢/cm® during 1min at 160°C
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Y DSC thermal curve

Mo
p s

2 AR 42 AVtFY 34 E F487] 938t DSCldifferential
scanning calorimeter)ell €%k thermal analysis® 80WthH#E %ol AEEg
o a2 A3 £8 o] 93l thermal profilee] =LA ©&XW, heating
&5 2 7Z+AA7)H 53} onset temperature &= Rolx|E FAlo] 9o, DSC
o] 213t &7}+F 9] cooking< multiple-thermal profileS H It ¥t L
Huh AE 2 VR E AR I AFEEARE B9 HUEAL AR 3
Ate e BE FE7 mEn. F df-i 2 Y AFHE gde
2 3, & FAAEREE, @9l (2 F)o] ANEAG viAeE dF%E =
A7) fsted e AFEE AH scanste Aol Basio

2 AFo A= Marshall(1989)5 ¢ WS 832, T2 23004 29
718t 9L 13} thermal curveol Al 23F thermal curve #Hg Wl =0 Z M,
ofd 2 ~-lipid A AZAA o 7H9H heat flow FTFE At
3 AEE 8o 23 heat flows A5 h
28 2-11 o JErd A3 Zo] 122 thermal curve % 90~110TCA}o]
2 obg2 ¢} lipid A EH 71dst= Aolw, 130T

golAe) FARHE W) duye] o Roz, ojdza BgA: 7}

R
o

S 37
o] FEIX

ra

2
e 1& curved AES W, F, ALY 53 ogtd vgyes FEFA
e JelA Ao F o] thermal curveZ2 -8 Z3WA2%(To )= base line

cznE FIIMol ARHE 22 AL A5 base lined} FE &
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2 "39 3, peak temperature(Tp)e o] Hud ol2x 2Xo|H,
344 25 (Te)E base line® §E3F4o] tAl gFAe 22 3T
A2 dvlet Wo] g wHe dvF 79 DSC thermal curveZ 7
€ To, Tp ¥ Tcs} obgd o v FLA&FS H2-5 o HehUTE Eo He
A AT o] 33 AAREE Wyl 784TCE 7P wgkew, A dr] R
mx g #@vjateles TCHERE & AolE RHolA ¥t Tp R Texe 9
ol7b wA e dw Boh @A w2 ghgs JdEhdiiey, AE drle Ages
b EESE B FgE RAFE AFE deEde, 160TE AT F¥=
Hole] 24 Ze 22E YUY FEFE drrt dreyg E ge
Ryoy Hg dvje WuRgE e gg 2o FE Fo 9% ddry
&t v =3

Ir

50 70 QO 110 130 180
Temperature (C)

— Heating ——— Reheating |

Fig. 2-11. Typical DSC thermal curves of intact
rice kernel for heating and reheating.
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0.7
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0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3

Difference of feat flow (mW

50 70 90 110 130 150
Temperature (C)

Fig. 2-12. Method for determination of thermal curve
parameters for analysis of the cooking property of intact kernel.

Table 2-5. DSC thermal parameters of treated brown rice

Treatment To Tp Tc Gei?lté}rlxi]?ation
type () () (C) (J/gfy
Milled rice 784 1028 1265 126
Brown rice 874 109.5 130.1 135
Treated 1V 87.0 1067 1291 8.4
Treated 22 86.1 102.8 1262 8.2
Treated 3¥ 868 1017 1260 79

Y Treated brown rice at 127C, 1Kgy/em® for 1 min
? Treated brown rice at 150C, 1Kg¢/cm® for 1 min
% Treated brown rice at 160°C, 1Kgs/cm® for 1 min
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EE AR HCIEE 14 V/W, 7192 % 100T, 30#)& o] &3t FHut
H A2 &Y texture profile analysisoll 9§ ZAEA(E 2-6)& FHnu|9}
Woje] 1 gk F7+S el oy, Springiness® hardness?o] EAA £-9
A5 YEF A
%, %%}O] FE 5 dYAEHE Solee d
e 39l 07868 29, FAY Fulzh b e @ 06UE Ry Ae
dvle I Abo] gg UEML APl Ert E24E dulg 2L e ¢

YEH AT REhe] o] oolXE dHEe Hd & JEh

hardness®| 79 #Wv]7} dvjEt @& & vepdidey, AT 3¢
A =7t E&5E Wr a4 AYAe AFS et

ol
Lo

dEge qust g &

_li‘:‘,

/\

mlo
e

dd, wdes AZ & Jde AEAA Hed 28 92 Ugue
gumminess(cohesiveness®} 23} bite®] hardness®] #)7%$-& win]r} 331.9,
#Aw7b 40489 & UEME, A7 dule 2 Aol € vEhdEd. 2
S ABTY A= A7 At FAFH FARE Rolx sk g
31, cohesiveness % chewness(gumminess#*springiness)% ] parameter:=
oo 2R FAe @re Fho] ApolE Holx] gobA, M vy A$®
Aol 7k ATt

ool M HAuE upe} o] HF o] Az E8 A parameters &
2 EE Ade deEdE 297t o, AN Agdnd 2214 3
g odul gt AX A7 42 BVl @ e AZHY, dvE 34 537
ARl st win e A6 HIATE 4L 7 E Aot

471 AR o st dvle Hutd: =FZ A € FHu 54 ALE
A% dAHE 210 48 1~2 kgrvkg, €% 130~150 T 2 A7 2~
H7E AH oA

Mo
2

2.
5
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Table 2-6 . Texture Properties of treated Brown Rice after Cooked by

standard method

- . Kok - . - *
Treatment” springiness™ cohesiveness chewiness gumminess hardness

Milled rice 0.786" 0.364 258.9% 331.9° 915°
Brown rice 0.634° 0.349° 256.2* 404.8° 1151°
Treatmentl 0.716° 0.350° 285.6° 397.4° 1140°
Treatment3 0.667™ 0.350° 260.3" 382.6° 1074™
Treatment4 0.647> 0.340° 244.9° 366.2° 1075%°

a:Means with different superscript in the same column are significantly different
("P<0.001 and " P<0.05) by Student-Newman-Keuls test.

1) Treatment conditions are the same as Table 2.
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A 4% A4 A AF 2A
1. 38 32 2 74

Fd £27] AHYFAY Fo Fx L FAL 17 4-19 e AP

2ot &, AAg ARE (raw material hopper H-101, rotary feeder V-102,

o|N

steam chamber H-103), &]&* (Cyclone C-104, product rotary valve
V-105), £713]<=# %] (steam blower B-106, super-heater H-107)& 43}
dow X7t & dvu] A HFL 100 kgE 71F 22 spec.T I3

AZFAXE Z714E0QR), 25(7E) 2 719 Flow rate(l )& 43

-

o A& dataE Multiplexor(Labview interface)® %3l AZFE Z =2
© 2 PCol display HE=& FA3IAth

2. 8 AXA Spec. © A F ALY
2-1 F8%X
1) H-101 Raw Material Hopper

7l & X A E steam dryerol] FF37] Y AEAHF AHRZ IE
of rotary valve® # 33t AEE dAF TFIL
. A 2 : stainless steel

th A} 0 @400 X 900 H (F 100 Lit.)

- Ng7t 9483 wE"E & JxE= Cone typel 2 A28t AR =
B2 "ol Boj7IA] FEE coverE H &AL 4A A42E F UES
F3rel Hinge® F&3tal &3ol& ol E1.

- &%= Rotary ValveE #J{¥ & UE=EF JIS 144 o=
FlangeE % %3t}

o]
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- Hopper®] #|#& Buffing Agste AF &7]12A4 &£ ¢x
g E9AZE 0.
2) V-102 ROTARY FEEDER

7h & & 0 dAFES A8 2 Steam Dryerdl FF3H7] Y3 A E A
ALEZZE A8 FE 2EE F de FRE AFH ok Fhe.
. A & : Stainless Steel
o} A} & 100kg/hr.2HP MOTOR
2t o 3 AR (2kg/er), A A5 S (Bkg/crf)
o, 2 & ARSRX(200T), AA2=(2407T)
v A 2y
- Rotary Valve &3 F A8 ¢¥o] 2kg/ewo] A& 2%7F 200C
ol7] wWEol A o]& FHEANEY F e FRE A}
- £58 d2 P AE F e TERE AFE
- AR 92 B9 &= JIS 10kg/crt 772 FlangeE X & 3}ojo}k
Fig=g
- FEEYY =EX = BT Cover Aol Hojok o)

)

ol

3) H-103 STEAM CHAMBER

i
o
oft
=2

7h & &1 AJE¢% Steamo] EFH o|FHE B AR
TG TE FAEA dg FgYol o]FojA ok gt

. A & : Stainless Steel

ok Al & 1250 X200L

g o F 0 AME2E(2007), HAZE(240C)

uh A 2y
- A87t FF8F FAl Steamo] A FFEHO olFHE B

48P0 =28 F AEF A FE)
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- X YEFe 2% ¢=8Ho] 9o v @ Shaft SealingA] Mechanical
Seals H-&ajof gt

- Impeller Type2 “Ribbon Flight Conveyer with Paddle”2 3ttt

- 25 BRI E 7] Y3t BAE R AHEsta 21KWY Band
Heater® &3t F1 £&5F Y98 =8 ¥ A 24T +
V=F P

- 98 Be ¥ u#AE u#ddq AL Cover® whzgit.

4) C-104 CYCLONE

7}, & X : Steam Chamberdl A ®Wl&H A&E Steam™ A EE £
NAFE= A
1. A} A : Stainless Steel

ok AF & 1 3000 X 1100H
g & X AHE2%(160T), AA2=(200C)
vh, A ZHy
- Cyclone Az A 2A A2}y,
- 3l & Rotary valve® #FT = JE= JIS 10kg/crel] %&
FlangeZE +#-#3t).
- UR 2EH3E Htd EAE B AoF 3 ques 19
3l AL Cover® wupztsttl.

5) V-105 PRODUCT ROTARY VALVE

7}, 4 & : Steam¥ #EE ARE WEd7] A FAEA AEATE
NEo FE 2EE F AEE AFFHo o

L}, A A : Stainless Steel

o A % 100kg/hr, 2HP MOTOR
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2 o 8 AL E Ckg/or), A AYE (Gjg/er)
b 2 & o ANER5(160T), AASE(2000C)
ul, A 2l

- AREE E(2kg/ar) T S E(160TC)7F Q7] wWEo] AHZA] o=
A 5 oo gt

- 5 dYE M A F o)y FRE AR

- EHE Y dAREL JIS 10kg/m' 77Z ¢ FlangeE ¥ 3t}

- TERAY ABAHE 2 =ERYIE Cover A3

o
i

H‘.

6) B-106 STEAM BLOWER

7F. & &= : Steam= Recycle A17]17] f18te] A2 oz o|FAA
FE ZA otk

. A A : Stainless Steel

o A} & @ 70kg/hr (Steam), 2HP MOTOR

@ & = 2kg/ert

u, & % 1 160T

uh A 2

- 92 77 FdE ¢ AEE A o Frt.

- 259 4E& mEaA AZFEolor ¥ Steam% ] Motorol
A AR ReA B P22 AzEojok gt

- %4 =437 9% Motor rpm 2 FX) 7} Hojok o}
25 & 23537 9159 Fans H2 Ao

7) H-107 SUPERHEATER

7h & = @ 27] &4 Al Steam®| 2E& AMEAIE ddte e A

NAZT ¢4 5 A d9e 2Fd & Aot
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v, A A : Stainless Steel
ok AF 9F D 1000 (47 ) xX600H (BKW)
g b 3 A8 E (2kg/er), A A H (Bkg/cr)

o2 = ARS2E(200C), AAZE(240C)

- 5BKWe dEg FF37) A% RE L7124 Heaterst dste] A

- 2xo 4¥ES nHste AxsA AFEo oF 3t Pipet® SCH20

o] 48 ARE3jof g}
- B2 A7 ¥ Al Coverz upz+sir}

2-2. A 7171 At

1) FT-11 STEAM FLOW TRANSMITTER

7}

.
o},
et
n},
H},

. % & : FanollA Y9+ Steam #HS & F AE AHEAN FAHL

FT-31, FE-31, FI-31& Ho] it}

A A : Stainless Steel

Ab ¥ 1 27 (B0A), 70kg Steam/hr
o 9 2kg/m’

2 & :160T

=708 1 717 AAA ALLE 9 el A & Qe TR

oF gt}

2) FI-01, 02 STEAM FLOW METER

7h. & &= @ Steame ¥FFSL HE ANF W FFE

40,
o
+
e
s

Gauge©| t}.
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. A A 0 SUS + GLASS
ok AP ¢ 7 (15A)
2t 9F ¥ @ 2kg/cr
T :1207C, 160C (270)
v S7)A
E AAE AT Aol Hol glojof 31 Steam§ o= A & A
ojojof jity,

3) HE-01 STEAM SUPERHEATER

7}. & = : Steam® +X(120C)E 200C7HA &8 F71 $1% Heater®
A Abolel| Baffles H# 3t £t}

t}. A A : Stainless Steel (#&)

o} & #F: 5KW, 220V X 30

g, €& T : INLET 160C, OUTLET 200TC

o, A 2y
- Heater®] Blind Flange® JIS 10kg/crd F3EFS HFFslxn

Heater 3 29 & A Dy A7k gt}

4) HE-02 BAND HEATER
7}, 4 = : Dryerd] 2% #AE 9% Heater2A Pipedl %3] Band
Type &2 A&},
. A} & : Stainless Steel (#12)
o} & ¥ . 21KW, 220V X 30
Z & £ :200C
uh, A2
- 21KW& 7KWH 3712 ¥e 3l Band TypelZ A&
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2-3. Wl #ALS
1) Piped] A A& SUS304¢]lH SCH206L. 2 A]F gty
2) Valver JIS 10kg/crE A}-&3}u] 2”7 &= Welding 2 Flange Type, %~

= Screw Type& A3t}
Union) &+

JIS 10kg/crg A&t 27 &

3) Fitting (Elbow, Tee,
Welding, % = Screw Type2 A}-&3%c}.

4) Gasket= METALE A}&39 EE Bolt, Nute SUSE A&
5 Bee 725 ), 27 (50 ) Glass Wool& AMg3slx uwlzk2 Al cover

2 Ao

2-4. CONTROL PANEL A}

1) Panel System< 7171& 7}&38t7] 91 AY F37F Gaugegs & F 9

228 ¥4 9k 75 Assolo @t

z4 Switche AMEA7E WA 23T = JY=EF HEAE Fold

T AR =

2) B&

Hlj X] =] o] o} .
3) A& Main On-Off Switch7} 9ok 3+, Z+ 717]9) On-Offs} AM7}

&

oo} gttt
4) Z} Switchell= Name PlateE F#38t AA7 A Fotra A%
F AEE I

3t S AR

5) Panel& Steel Plate® A =3slo] A2l S 2™

A Az
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2-5. STEEL STRUCTURE A}

1) FRAME< Channel ¥ AngleZ A& gt}

2) Frame®| Z7]= ZA9 A7|E HESR AJH 39 J3ds 1d

Fod

ol

Layout & #:=& 3o}

3) Frame® A& BoltingS 93 o2 35 Welding®s &7 = 3st}

4) vl Agle Idbo] #Hdd" & A A Ml Epoxy Coating$Ht}.

2-6. AA=HALS
AAEHS] A4S Y23 2o

- Piping & Instrument Diagram

Plot Plan & Layont

Eguipment (Data Sheet, Eng " g Dwg)

Instrumentation

Piping

Utility Summary

Standard Drawing

Appendix

- Engineering Spec.
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Appendix 1. 923 54 A @ dimension

Hardness(# =)
greto] X =d = HUge®, 38 wol H9 % dFE HALrt e

b

Springiness(&8A4)

sk,

Cohesiveness($3A)
259 JHE FASE UEAH 2o Ea3d A FE7 FHHY] A7bA
AP = Ax) A8 e AS7 HEFE S3AA o A3

) 2e Y& SRS W BYYe] BT ol W) Aol W Yoo WY
o) Wol Hmz WAl Fath

Adhesiveness(¥&4)
AE] 1WT BEAY EHo] FAHY gle 1HE FYA7I=H
Fdoz gelXe F2 T = =

A2 EAAA st=d FPo

g
-
me ok

— o
2

L)

il

L

o,

)RRkl A v el BaAo] i

Chewiness( 9 4)

AES A2 F A& AEZE FAed 283 Joz AR SN 2 #3544
o] #HHAY,

Gumminess(Z@ )

Bad HES AL F e AR Red 28F 3 A= Aol
#ddd.

61






FaE 3

1. Slavin, J. L. : Epidermilogical evidence for the impact of whole grains
on health, Whole grains: health and nutritional issues, In Critical reviews
in food science and nutrition, Anderson, G. H., Clydersdale F. and Slavin,
J., CRC Press, Boca Raton, FL, 1994, 427

2. AWF, WY, 27, oA, WAT : opriulst BY 235 AvlY 4
B4, 34 EH5, 16, 207(1984)

3. Desikachar, H.S.R., Raghavendra Rao, S.N.,, and Ananthachar, T.K. :
Effect of degree of milling on water absorption of rice during cooking. J.
Food Sci, Technol., 2, 110(1965)

4, Juliano, B.O., and Perez, C.M. : Major factors affecting cooked milled
rice hardness and cooking time. J. Texture Stud., 14, 235(1983)

5. Ohashi, K., Goshima, G., Kusuda, H., and Tsuge, H. : Effect of
embraced lipid on the gelatinization of rice starch. Staerke, 32, 34(1980)

6. Normand, F.L. and Marshall, W.E. : Differential scanning calorimetry of
whole grain milled rice and milled rice flour. Cereal Chem., 66, 317(1989)

7. Marshall, W.E., Normand, F.L., and Goynes, W.R. : Effect of lipid and
protein removal on starch gelatinization in whole grain milled rice. Cereal
Chem., 167, 458(1990)

8. Akao, T. and Tsukada, N.: Sterilization of powery food by superheated

stream
9. Miller, ].B., Pang, E. and Branall, L.: Rice: a high or low glycemic

index food?, Am, J. Clin. Nutr., 34, 362(1981)
10. O IE—EBR, H A%, BE 46-40747 (1971)

63



11. &HE, Pz, KRR, 423333 dd3], A 143 FANSNZAF
3, p43lL (1980)

12. & H, 4, HARKF, BT 56-46753 (1981)

13. Leonard, W.and Robert, W.R.: Industrial and Engineering Chemistry,
43, 1829 (1951)

14. Chin, C. ]J., Lane, A. M. and Couklin, D: Industrial and Engineering
Chemistry, 45, 1586 (1953)

15. Louis, B. and Edward, G.: Chemical Engineering Progress, 58, 949
(1966)

16. %R ARH, HAKEF, #H 28-3188 (1952)

17. 5 {95, HAYREF, Mg 39-17307 (1964)

18. #i%s, T, HA%rT, W 46-34747 (1971)

19. EERE, AF5Y, 23, 31 (1980)

20. M, &H, BHAKSEF, 8 49-43159 (1974)

21. B W, FEKEEE, ¥HFIK, stshEd, 39, 307 (1975)

22. RHE H, BRMILECBTLIRE, BEoEb (D), HARBTREEGR O
W, HH), p. 71(1983)

23. Lewis, D.and Lewis, V.. New quick-cooking whole-grain foods to be
marked in Australia, Food Tech in Australia, 35(10), 461 (1993)

64



24, FHME: SERKERLABKEROFM, &LmEMNTEM, KNE B
YE%, CMC, ®at, 137(1985)

25. Carlxon, R. A., Robert, R. L. and Farkas, D. F.. Preparation of
quick-cookong rice products using a centrifugal fluidized bed, J. Food
Sci., 41, 1177(1976)

26. Carlson, R. A, Robert, R. L. and Farkas, D. F.: Process for perparing
quicking—cooking rice, U. S. Patent, 4, 133, 898 (1979)

27. Roberts, R. L., Carlson, R. A. and Farkas, D. F.. Application of a
continuous centrifugal fluidized bed drier to the preparation of
quick-cooking rice products, J. Food Sci., 44, 248 (1979)

28. Jenkins, D.J.A., Wolever, T.M.S., Taylor, R.H., Barker, HM., Fielden,

H., Baldwin, J. M. and Bowling, A.C.. Glycemic index of foods: a
physiological basis for carbohydrate, Am. J. Clin. Nutr., 34, 362 (1981)

65



	전곡립의 과열수증기 전처리에 의한 Thermal Hydration 및 취반특성 개선 공정개발

	요약문

	목차

	제 1 장 서론
	현미와 백미의 취반특성 차이 
	고압 과열 수증기 처리 이용 현황

	제 2 장 Lab. scale 과열 수증기 처리장치의 설계 및 제작
	제 1 절 장치 사양 및 제원
	1. 증기 발생장치 및 super-heater
	2. Treatment chamber
	3. 투입 장치

	제 2 절 Assembling 및 계측 system

	1. Assembling
	2. 계측 system



	제 3 장 처리 현미의 취반특성 비교 
	제 1 절 재료 및 방법
	1. 실험재료

	2. 과열증기 처리

	3. 취반특성 분석방법


	제 2 절 결과 및 고찰
	1. 현미 및 백미의 수화속도 및 호화상수
	2. 처리 현미의 표면조직 관찰 결과
	3. 처리시료의 취반특성 비교


	제 4 장 연속식 장치의 사양 결정
	1. 주요 장치 및 구성

	2. 주요 장치 Spec. 및 제작 사양


	Appendix 1. 텍스쳐 특성 정의 및 dimension

	참고문헌


