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Table 2-1. Experimental conditions
Initial moisture content Heating time Tempering time (hr)

(%) (hr) 0.0 15 3.0 45 6.0 12.0
1/3 *

2884 / ko k% x
172 * - * * * *
1/6 _

22.80 / * * * * *
1/3 * * * * * *
1/6 — .

2012 / * * * *
12 % * x * * *
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T.T.C. &3 (2,3, 5-triphenyl-tetrazolium-chloride)
FRAVGAHEREH Ulce KAFEE, KOKEL 100 %
w, T.T.C.R¥,D025% Ks%x 1bmling, “hi
ARfey »— U, 256+1°C ORMBANRERE LCE
B REATH) N 24 FEEEL, Rofaalf

Erge LT TZ M (%%ﬁ—ﬂx 100) %

Fbic,

3) IkONeEERE

AACC. o5 CAMEE THIE L, Tkl 100gr
D W N B R PRI T A BT B KEE A Y o — A
(KOH) @ mg FTHER L1,

4) BREHE 0 % L ORRK O IR

1) BKESE Y

KA 100 gr A3 A RREE (o » FRIEBTZERTRL
TP-2%) i X »C 2 3RS Lic#, 1.7mm B O
BRELCBREELYIKRER TS -2 v MEL L
TRD, chzifEsgr L L,

o) FER O IR

ISR AR, RERBED DAWSON EE2RE
L, HEOEKRE RSEE TR O£~
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R X BFEROBAKEEETRTLOTRAC LT
fERELTERDR,

MRBAK = G o (o)

i) BEAR

KR DE D5, KR X o T OBEHYRS
too RERE = =t
r=4&HEONE (cm)
A=Yk DEHE (cm)

ili) WD = — FEGE
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LI

Table 2-2. Constitution of samples
Initis(lmr&c;litsture Winnowed grain | Damaged grain Hulling grain Inert matter

(%) (%) (%) (%) (%)

29.00 90.5 7.8 1.3 0.4

27.67 91.0 57 11 1.7

28.31 90.6 6.7 14 1.0

29.72 915 6.7 1.1 0.1

28.55 89.9 71 18 0.2

29.91 92.0 56 14 0.5
Average: 28.84 90.8 6.6 14 0.8
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IO REE DK T 2 P& O>EBZfE LA, Table
2-2 WD ROMEHARE L OBk &R, 1974
EOHREOKEIERII BT (fFRIEH 117%) TH D,

BT RHIRERIEL S 2 BTG <, REREFR L 3 Th
BE LB BB D

F2W RBEREIUEER

A. FYNRYVITHRBPCHBITIERDEBRAD
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7Y v R XKL LBAKG BB TS
REXRT—FE LT, Fig. 2-1 8 XU Fig. 2-2 75
3o BRI S 28.84% Rk, BAETEHIAS
2012% oFEc FhFh 12 B @ BE2 T - e
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Fig. 2-1. Water transfer from hulled rice
to hull during tempering period.
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Fig. 2-2. Water transfer from hulled rice
to hull during tempering period.
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Fig. 2-3. Water transfer from hulled rice
to hull during tempering period.
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Fig. 2-4. Transfer value of water from
hulled rice to hull.
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Time of water-transfer from hulled rice to hull.
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Table 2-3. Water transfer time

mI(?ilsttii}'e Heating 50% 80%

No content time transfer | transfer
(%} (hr) (hr) (hr)
28.84 1/3 1.20 2.60
1/2 2.00 4.40
3 22.80 1/6 1.20 2.40
4 13 1.30 2.60
5 20.12 1/6 1.00 2.10
6 12 0.80 2.60
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Fig. 2-6. Changes of odor of rough rice.
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Fig. 2-7. Changes of viability in embryo.
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Fig. 2-8. Changes of fat acidity of hulledrice.
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Fig. 2-9. Changes of fat acidity of hulled
rice during tempering period.

12 R KoK D IREHRARE 2 AR E (ol
PR O 7 2 IR A 12 20 mgKOH/100 gr-DM (ILF
0mg DT ELFERT D) LREIATHB) FTET
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RILT Vo) v IR SRR K D NS RE B 5 b
THEBRYI K S 28% BRIV TRE L Ta
k5, Fig 2913, oMK% 6 AOBA (1 EOFR
T2% ORBERD BB D ETB) L5EIDF vy
YT vR) R ERY 6ME L TR) X o TR
HEEFBHETOWT, TROBHBEE LA BT L
TEHLULRERETRTLOTH D, /o5, Moo 1~5
TRTEMBE, Fig 28 iFELIseT vy vy
BRI 3510 BRI 21 26%, 24%, 22%, 20% 0
B TV VI 10 B KRR BRSO R
BeTTLDOTHD, FHIKSD 28% GoRMIg 1 mE
HERMers\T26% Bc&KL, F1EET V3
Vv /IR GT A Ad D B EE CIRI R S T
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Table 2-4. Changes of Fat acidity of hulled
rice during drying period

Initial Tem-
moisture | pering
content. time

(%) (hr)
1.5 11.25 1195 12.25 1248
3.0 12.48 13.75 14.25 14.75
82 4.5 13.55 15,51 16.50 17.02

6.0 1450 17.50 18.50 19.25
12.0 1750 2450 26.75 28.60

Fat acidity (mgKOH)

1st 2nd 3rd 4th

1.5 10.795 11.15 11.30 11.35
3.0 11.55 12.05 12.50 12.75
26 4.5 12.13  13.02 13.70 14.02
6.0 12.78 14.00 14.75 15.30
12.0 15.50 17.50 19.30 20.50

1.5 10.50 10.75 10.85
3.0 10.75 11.25 11.50
24 4.5 11.02  11.70 12.04

6.0 11.30 12.25 12.85
12.0 12.50 14.15 15.40

1.5 10.40 10.50
3.0 10.60  10.90
22 4.5 10.85 11.25

6.0 11.00 11.55
12.0 11.85 12.45
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Fig. 2-10. Changes of fat acidity of hulled
rice during tempering period.
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Table 2-5. Milling yield and Boiling characteristes of polished rice
In.ittial Heating | Tempering clg/ll'lotfsgf Milling | Water | Volumetric Gruel-Todi
No. r?g;i;ff, time time polished yield up-take | swelling b{:: _vz;)lulen
rice. ratio
(%) (hr) (hr) (%) (%} {cm3)
1 0.0 14.8 90.1 2.82 33.27 0.146
2 15 14.7 89.7 2.91 34.81 0.180
3 3.0 14.7 91.1 2.64 32.61 0.147
4 13 45 15.3 89.9 2.76 34.37 0.176
5 6.0 15.6 89.7 2.83 34.56 0.182
6 12.0 154 90.7 2.56 32.70 0.116
28.84
7 0.0 14.7 91.0 2.63 35.94 0.168
8 15 15.0 90.5 2.76 30.02 0.170
9 3.0 15.1 90.8 2.67 32.87 0.153
10 12 45 14.8 90.3 2.70 33.43 0.150
11 6.0 1.84 90.3 2.70 34.09 0.125
12 12.0 15.2 90.7 2.48 31.86 0.159
13 0.0 15.4 89.9 2.72 33.48 0.134
14 1.5 15.0 92.5 2.53 31.23 0.102
15 1/6 3.0 15.0 90.9 2.54 32.48 0.125
16 6.0 14.0 90.4 2.53 33.05 0.132
17 12.0 14.0 89.8 2.51 30.88 0.121
28.80
18 0.0 14.1 89.6 2.58 30.28 0.135
19 15 13.4 90.5 2.69 33.11 0.176
20 3.0 14.1 90.7 2.47 32.20 0.146
21 13 45 14.0 90.4 2.47 31.51 0.100
22 6.0 14.2 90.8 2.59 30.97 . 0.123
23 12.0 14.4 89.8 2.65 31.48 0.128
24 0.0 15.0 88.4 2.78 33.43 0.148
25 15 16.0 90.7 2.92 34.71 0.144
26 1/6 3.0 15.4 90.7 2.62 32.20 0.110
27 45 14.8 88.3 3.11 34.47 0.182
20.12
28 0.0 14.8 88.0 2.82 32.99 0.149
29 1.5 14.6 88.6 2.78 32.36 0.120
30 3.0 14.9 89.8 2.76 33.83 0.143
31 172 45 15.7 88.3 2.80 33.62 0.136
32 6.0 15.3 88.5 2.66 33.52 0.140
33 12.0 14.8 87.4 2.76 34.24 0.134
Natural drying 15.2 90.4 J 2.82 J 31.30 0.147
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Fig. 3-1. Experimental apparatus.
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Table 3-1. Consitution and initial moisture content of samples
Winnowed Empty Green Molded Moisture
Variety grain grain kerneled grain content
(%) (%) (%) (%) (%)
SHIOKARI 69.4 2.0 17.3 11.3 29.82
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Fig. 3-3. Drying Process.
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Fig. 3-4. Drying Process.
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Pig. 3-5. Relation between heating condition
and rate of drying.
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Fig. 3-6. Relation between heating conditions
and rate of drying.
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Fig. 3-7. Relation between heating conditions
and rate of drying.
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Fig. 3-8. Relation between heating conditions
and rate of drying.
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Fig. 3-9. Relation between heating conditions
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Fig. 3-11. Relation between heating conditions
and rate of drying.
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Fig. 3-12. Relation between heating conditions
and rate of cracking.
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Fig. 3-13. Precision of experimental formula.
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Fig. 3-15. Relation between heating conditions
and rate of cracking.
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Fig. 3-18. Relation between heating conditions
and rate of cracking.

L] ]
¢ Air-flowRateir%
80 \ .
AY
‘i\\\
70 ~
\ \z 5%
P! \
TN \l 1
o
g N T Fho \
E50 kd
* S T ——
O,
40 i
3

i —

2 3hr

I
i

11 1 \ 2 hr
84 2 Heating Time
(b)
°c
80 AirflowRate 3|
\ 2%
o
“&
¢
3 N\
NN
AN SN
& Do ————
. 5. !
—~— ]
40 T \LL {
l
1

~|—

1
A

o]

Heating Time

Fig. 3-19. Relation between heating conditions
and rate of cracking.
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Fig. 3-20. Relation between heating conditions
and rate of cracking.
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Fig. 3-21. Relation between rate of drying
and rate of cracking.
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Fig. 3-22. Heating condition vs maximum
temperature of hulled rice.
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Fig. 3-23. Maximum temperature of hulled
rice vs rate of cracking.
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Fig. 3-25. Heating conditions vs
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Fig. 3-26. Relation between temperature of
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Table 4-1. Experimental conditions
Heating Air flow Tempering time (hr)

time rate.

(hr) (m3/st) ! 8 5
2 _ _ _

1/6 3 * * *
4 * * *
2 * * *k

1/3 3 * * *
4 % * *

1/2 2 >k %k X

2. AEBEASKIUVRESX

HEHEE T O LK, QAEEREES LUERE,
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FThi e I |~ hk EREoFEEAvic,
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By b 48 BEEIBRIC BT vy, B REBIRE T 2T
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Table 4-2. Consitution and initial miosture content of samples

Winnowed paddy Ear-:::iaé(ing Damaged grain| Hulled grain Hull Inert matter
(%) (%) (%) (%) (%) (%)
86.4 10.0 19 0.1 1.5 18.70
815 12.8 34 0.5 15 18.95
86.8 7.8 3.1 1.3 1.2 19.80
34.9 9.2 3.7 07 15
85.9 9.1 33 0.2 1.3

Average 85.1 9.7 3.1 0.6 14 19.15
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Table 4-3. Rate of carcking

Slight . Moisture
cracking Cracking content

(%) (%) (%)

135 1.0 14.5
Hand hulling

19.0 0.5 145

17.0 1.5 15.3
Huller

16.5 0.5 15.3
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Fig. 4-1. Drying process.
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Fig. 4-2. Drying process.
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Fig. 4-5. Drying conditions vs rate of drying.
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Fig. 4-8. Drying conditions vs rate of drying
(for total heating time)
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Fig. 4-9. Relation between drying conditions
and cracking ratio.
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Fig. 5-1. Psycclometer for exhaust air.
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Table 5-1. Experiment conditions
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Table 5-2. Consitution and Initial moisture content of samples
Winnowed Ear-breaking | Damaged Hulled Empty Inert Moisture
paddy grain grain grain grain matter content
(%) (%) (%) (%) (%) (%) (%)
74.56 0.71 23.23 0.00 1.20 0.30 27.05
7729 0.58 19.73 0.00 240 1.00 27.22
81.81 0.66 14.31 0.10 1.50 162 26.87
80.96 1.55 15.95 0.00 0.84 0.70 26.23
79.56 2.63 13.46 0.00 3.15 1.20 26.84
Average 78.65 1.23 17.34 0.00 1.82 0.96 ©26.84
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Table 5-3. Humidity of air space during tempering period
Rate of | Heating | Tempering 1st 2nd 3rd 4th
No. | air flow time time -
(m3s.1) (hr) (hr) time % time % time % time %
1 15 15 100 90 100 — 97 — 97
2 1/6 3.0 15 100 60 100 120 100 — 98
3 45 10 100 60 100 240 100 — 85
4 15 60 100 — 90 — 87 — 90
5 30 60 100 120 100 — 95 —_ 90
6 8 13 45 65 | 100 | 180 | 100 | — | 97 | — | 90
7 6.0 60 100 120 100 — 96
8 3.0 100 100 — 96 — 94
9 1/2 4.5 85 100 — 96 — 93
10 6.0 90 100 — 96 — 90
11 15 45 100 90 100 — 95 — 95
12 3.0 45 100 90 100 — 98 — 90
13 1/6 45 45 | 100 | 9 | 100 | — | 95 | — | 9
14 6.0 45 100 120 100 — 98
15 4 3.0 90 100 150 100 — 85
16 1/3 4.5 90 100 270 100 — 80
17 6.0 90 100 270 100 — 80
18 3.0 180 100 - 90
19 1/2 45 140 100 — 92
20 6.0 140 100 — 92

Table 5-3 &7 v~V v 7 BT 2 & P FEIZE
KOPERNCET B T COFMERM R L OBER SR
ExRT, ARLY, FLEBDT v U v Z7EBWT
KK B L, SAREMEGID, ThE
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BEELA RV R ET 5 ¥ TRET 2RISR AL
b ExRHMST,

E2EIHDT Y VIR BWTT vt ) v 2SI A

B KT E TS ¥ CoBBIIRRY, BEE
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Uiz
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L D2 T oBREMHET CIEFNCE L ol &0
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Table 5-4. Amount of evaporated moisture by ventilating
to tempering thank.
Amount c&f Amount (éf
Air flow Heating | Tempring evaporate evaporate
No. rate time time moisture by moisture by A/BX100
ventilaning (A) heating (B)
(m3¥/s.t) (hr) (hr) (kg/ton) (kg/ton) (%)
1 15 0.126 148.160 0.15
2 1/6 3.0 0.133 119.699 0.11
3 4.5 0.137 132.170 0.10
4 15 0.142 134.170 0.11
5 3 3.0 0.141 135.464 0.10
/

6 13 45 0.141 142.404 0.10
7 6.0 0.156 122.406 0.13
8 3.0 0.141 136.640 0.08
9 1/2 4.5 0.101 138.758 0.07
10 6.0 0.111 127.111 0.09
11 15 0.231 140.640 0.16
12 3.0 0.181 119.670 0.15
13 1/6 45 0.189 134.857 0.14
14 6.0 0.164 129.817 0.13
15 4 3.0 0.131 130.640 0.10
16 1/3 A5 0.110 142.404 0.08
17 6.0 0.124 130.640 0.09
18 3.0 0.120 137.816 0.09
19 1/2 4.5 0.126 130.640 0.10
20 6.0 0.068 137.699 0.05

FHTF Vo) v s L EERET L - RSE, WMOE
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DU bt 5 CTF Vo3 Y v 7 8 v 7 B R T 15 2
v, R A0 OKSEREN TR B0 T, ki

DOPIKE L Y ELEHSBOBANITRbRS b D LHEE
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R, FUAY v RV IRBRTABOREESRIESL
LT, bABEYHEECET 245 EROBEM O
CHEOFENLBEL RO TEREMETL, &b
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BEE TR T RGBT I e S i,
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Fig. 5-34. Absolute humidity of exaust air
during heating period.

Table 5-5. Time requied for 50% moisture evaporation
T - -
No Air flow rate | Heating time ex?ipr)r;eermg Time (%)
(m3/s.t) (hr) (hr) ! 2 3 4 5
1 15 78 45 29 20 20
2 1/6 3.0 80 40 29 25 25
3 4.5 80 40 30 25 25
4 15 62 25 20
5 3 13 3.0 60 35 25
6 / 4.5 60 30 26
7 6.0 65 38 25
8 3.0 55 26
9 1/2 4.5 56 29
10 6.0 55 30
11 15
12 3.0 75 25 15 10
13 1/6 4.5 67 24 20 22
14 6.0 70 30 35 30
15 3.0 53 33 17
16 4 1/3 45 58 35 18
17 6.0 53 40 20
18 3.0 45 20
19 1/2 45 47 23
20 6.0 48 27
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Fig. 5-35. Amount of vapour during
tempering period.

D E0% HHERTH ERERLT D,

8 1A O BRI 813 5 50% Ko FERREILER
B 4m¥s.t, SRERHE 1/2 B LA ORIt T cRR
B0 50% LI EHBE LTV %,

¥, BRESE L, WRRSR I SPTERRR
BHEINDZEZRLTVE, CHIRRESRE Y
EROTRIINEL < iy, BEMORIECKIEIEN
Ep A Tisbh, SGRRRR AR i ClE®
B BRDGERZEDRLT5 & LR T 50% K
HR R PBAHOMEALBTT 51D THS,

H2EBEDBOBRIIC KT, KYIERGERY O
TR E T b B, BREMHTH DI DL
502 K5 AEFEFRNZ T h A B AR o 50% LT Th
Do B, T vy vI/RHMAYER LB, FrERRE
PBEVERINDBE E X otc, ZhizT v ) v 7l
R ZR A2 b HARRBEH~KIBIT AT obh b
Fod B B S\ CHEBER B b - TE W
BEERZRF L ERERLC, B,

B3 E M

AR BT, AENLEESEY RVCHTENT,
HERA S & 2 a3 & LT, BESLHET VY v
ZisHEE M EALAEbe TR L EEREL Tk -
RRBORERELT BRI, CThEBEHNTLLUTOIEL
£5,

@ WREG LR L OGOV TR ES, BR
St IR 3 1L IV Bri~ e s L CERBED
BINE X OSRBEH 0GR & » TERBEAMINTS &
EHEREGR L. ORERRET V-39 v 70T
B THML, toMmERTERENS <, BEE
RI2ENCBECRECT LR, LivL, Tyt
Y v S OERIC L DR RO Ik 3~4.5 BRYC
ZiE L, BRBEIELCBEIZZILRT v v IR
MEZERT 5 LRI T2 LMo, SR
F v v e BT 5 L AREOETR X » THREM
DR O TR 0EIND 2 LCilER T2 D
DEEZBLNB,

@ BREKLGEADILZOFNELOBREHRE L
TEER, MERDZORBRE SEVCHEBBERRA D -
EERBR UL, Tihobb, 7o) v By RS
LT, BiEdAEEY 30~41°C BEWED L 5 .00
RERBETY B ENTELZ LR -T2,

® 7 vy vIHROBEE, ) RELEBADK
SRATEROEN, i) SEROBBELILOBE, i) &
KT HEKORBEALORE, Mk 3HEAKOWTT
Ttotee FORR, 730 v I HREREALER I
BIRERC X - T T2 bk Hiote, LI -TT
vy v SRR AR s X VIR RS S T
e b EAHFE LY, L L, EBOBREEC
BWTT vy v 7RER AR X TE LB
CEEE FR#ECH DD, BERETI—Ered
BRI, TOBE, Tv-) vI/BBOBRELRD -
ESREREDINBE» L I iulisbivy, &0
B, BB O EROTHcT v ) v a v Il
CAETHEEOD BEEKCOWTTHD, Zofk
TR —D2DHEE LT, TRl v 7HERDT s
Vv s v s CBRARTRS ZENELBRD, TS
Vv ra v r~BRETIRD T LI X o THBKORE
PHIETA I ENTE, b RREOFE L THE &
ey, N Fhicdib T vy v 7 Hifdb o b Zoksg o
LB TED, LnL, 7oty v oo S
BEZHECET 225 L KOBREMOERELET &
ALk, WERRBEEOMELRSHLOCHED
REOREET SR e d fov,

EVIE FuonNY U rBMEEALBEORER
FUNYVTGIRICHATEER

F18 RBRENHSIUERTE



il 4d2RBo BT 2 RROTE 71

A. £EBRBM

I~V BB T, BGRT v v /EReks
1 BRARAME LR YO £ D L R0 E &
ORRICOWTRN, EbrT v v 7RO
EheTITle - T, AETRBARE O/NIE RS X
USRS 2R E S EAE R TV
BAT v v IR RC BT 5 B R
Rulitc &AL L, BRARRESLRIEL,
RERACTEREITR - D TEOBREY BN,

B. XBRERBROEE

A LIcEREB Oy Fig. 6-1 iR,

F—225 r:@‘—

—ﬁ¥:%;’ C{ <i
| §}|J" g

3 .
= Q.
o) o

=2 \
@prying (@FotaryValve (3BeltConveyor  &Bucket Elevator
) shutter ® Psycolometer(iniet)@PsycolometerOutiet)

®Measeringhole of Temperature

Fig. 6-1. Eexperiment apparatus.
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Table 6-1. Specification of commercial
screen type dryer

Distance of

Name of maker | “screen | G
Ka 100 94
Ka 150 2
M 200 2
N 200 2
0 100 2
S 120 4
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Fig. 6-2. Screen.
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HEI~EVECRNEHRT v ) v IEEERD
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6-2 TR T L ERBREGEERE Lic, Ry TRER
RIS 5T, Ao ERIC T 5 ESGE B
FE®RTHLOTH D, HARBRER I LOBE b &
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A OTETRIFRER 17.9 43f, BB 1/3 BRehE (20 43F4)

Table 6-2. Experiment conditions

Heating Air flow Tempering time (hr)
time rate

(hr) { m¥s.t) 1.5 3.0 45 6.0
3 —_—

1/6 o O ©
4 — 0O O o
1/3 o o o 0
- O O O
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Fig. 6-3. Calibration curve for
moisture meter.
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ke D EFETH B
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1 SERBREROHREARICESR U

BBt Lok, © K5 146% OB EM
DA BV ETRALCERCHGE, 117 AR
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H, ¥@M =314y (77— v: M135H) TIN#
L, PHBCAhTHRECHAL, chiv=—21
BNVt LCE B 0£05°C Ol B 383 S
BREACHE Lcb D THB, Table 6-3 itz b &
OFPARE X OIS EE R T, HRAED 2 2HE
Braidio <, KERIE 907 §5h 0T LILEIOHERRIF©
HBHZEM R B, L L, BB 2EENAA
Hfifebhicz EARE & 7 b BRRRLA LB %5 -
o 7ok, PHALEL ZAOHREINER 0%, BiRZh

Table 6-3. Consititution and initial moisture content
of samples (Natural)

Winnowed | Ear-breaking | Damaged Hulled Empty Inert Moisture

No. grain grain grain grain grain matter content
(%) (%) (%) (%) (%) (%) (%)
1 87.5 3.57 ’ 0.10 3.55 417 0.50 19.7
2 90.65 3.70 0.85 4.25 2.05 0.51 19.6
3 88.90 4.00 0.21 3.76 2.05 0.46 194
4 88.71 3.38 0.28 3.76 2.67 0.45 19.3
Average 88.94 3.66 0.36 0.83 2,73 048 195
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® R LK ERIFIR D X 5 e LTITR 5 oo T/
bb, SRS ZRKEK (KR 11°C) iy 30 s8R
LK, BRI DT T, 2hE=—-1&ic
L 0£0.5°C IREE B LA T 10 B+
27V VI BT 1,

2. HEHH

IR LB E L B R WA FETH - hlE
B Xy, sBhRRTs bR 20% BECET
Licted, IUKIEELHEERTL - T 26% BECHE
Licb D% v oo IKFHRED L 20 s X 0K
% Table 6-4 1R,

Table 6-4. Consititution and initial moisture content
of samples (Adding water)

Winnowed | Ear-breaking | Damaged Hulled Empty Inert Moisture

No. grain grain grain grain grain matter content
(%) (%) (%6) (%) (%) (%) (%)
1 90.00 342 0.21 491 1.10 0.26 25.8
2 91.16 3.65 0.40 4.70 0.50 0.10 276
3 89.63 343 0.45 5.16 0.60 0.00 26.5
4 90.57 3.93 0.50 4.63 . 012 0.56 24.5
Average 90.34 3.61 0.39 4.85 0.58 0.23 26.1
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Table 6-5 (381 B2 D 4 %, Table 6-6 134K}
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Table 6-5. Mechanical damage by rotation
(Dryed saples)

Initial rt;At;Eieén
(%) (%)
Cracking 1.0 0.5
Slight cracking 15 1.0
Broken grain 0.0 0.0
Hulled grain 2.6 43
Moisture content 14.6 14.5
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Table 6-6. Mechanical damage by rotation
(Adding water)

Initial After
rotation
(%) (%)
Cracking 0.0 0.5
Slight cracking 0.0 03
Broken grain 0.3 0.0
Hulled grain 49 4.7
Moisture content 26.1 25.3
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Humidity chage of air space during tempering
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Time required for 50% moisture evaporation

during heating period.

Air flow | Heating | Temper- Heating period (%-«hr)
No. rate time ing time -
(m3/s.t) (hr) (hr) 1st 2nd 3rd 4th 5th
1 4 1/6 3.0 46 (67) 23 (25) 26 (22) 17 (21)
2 4 1/3 3.0 34 (53) 19 (33) 17 (17)
3 4 1/6 6.0 60 (70) 26 (23) 20 (35) 29 (36)
4 4 1/3 6.0 37 (53) 14 (40)
5 4 1/6 4.5 40 (65) 29 (25) 34 (35) 21 (30) 24 (—)
6 4 1/3 4.5 19 (35) 31 (18)
7 3 1/6 1.5 69 (78) 34 (45) 26 (29) 23 (—) 20 (—)
8 3 1/3 15 49 (62) 19 (25) 14 (20)
9 3 1/6 3.0 60 (80) 34 (45) 31 (30) 29 (25) 26 (25)
10 3 1/3 3.0 49 (60) 36 (35) 21 (25)
11 3 1/6 4.5 57 (80) 34 (40) 29 (30) 26 (25) 26 (25)
12 3 1/3 4.5 40 (60) 21 (35) 31 (25)
13 3 1/3 6.0 44 (65) 21 (38) 24 (25)
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Table 7-1. Relation between total drying time and qualities
Air flow | Heating | Temper- | Rate of hrcla‘aottiaxlllg dl;;fslg Cracking | Germina-
No. rate time ing time drying time time ratio tion ratio
(m3/s.1) (hr) (hr) (%/hr) (hr) (hr) (%) (%)
1 15 (7.7) (1.43) (14.9) (1.5) (96)
2 16 3.0 ( 8.7) (1.26) (25.3) (1.0) 97)
3 45 (8.7 (1.26) (37.3) (1.0) (97)
4 6.0 ( 8.7) (1.26) (49.3) (1.0) (97)
5 15 ( 6.9) (1.59) (9.1) (3.0) (92)
6 ) " 3.0 (7.7 (1.43) (13.4) (2.0) (93)
7 4.5 (7.9 (1.39) (19.4) (1.5) (94)
8 6.0 ( 8.0) (1.38) (25.4) (1.5) (94)
9 1.5 ( 5.9) (1.86) (10.6) (6.6) (88)
10 12 3.0 (6.9) (1.59) (10.6) (5.0) (89)
11 45 ( 6.9) (1.59) (15.1) (4.0) (89)
12 6.0 (6.9 (1.59) (19.6) (3.0) (89)
13 15 10.5 1.05 11.7 35 83
14 16 3.0 115 0.96 19.0 1.8 93
15 45 115 0.96 28.0 1.0 97
16 6.0 (11.5) (0.96) (37.0) (05) (97)
17 s 15 9.1 1.24 7.3 6.5 81
18 13 3.0 10.0 1.10 13.3 4.5 88
19 45 104 1.06 193 3.0 92
20 6.0 10.6 1.04 25.3 2.5 95
21 15 (11.8) (0.93) (10.0) (75) (80)
22 16 3.0 13.8 0.80 15.8 3.5 89
23 4.5 13.8 0.80 23.3 2.5 92
24 6.0 13.8 0.80 30.8 2.5 95
25 4 15 (10.0) (1.10) (7.3) (12.5) (74)
26 13 3.0 11.2 0.98 10.0 9.0 82
27 45 11.7 0.94 14.0 6.0 87
28 6.0 11.7 0.94 19.0 4.0 88
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Table 7-2. Relation between total drying time and qualites
Air flow | Heating | Temper- | Rate of hTott_al dTo}sl Cracking | Germina-
No. rate time ing time | drying (:?nirelg {ﬂ;eg ratio tion ratio
(m3/s.t) (hr) (hr) (%/hr) {hr) (hr) (%) (%)
1 15 10.5 0.86 9.9 20 83
2 16 3.0 115 0.78 15.8 0.5 93
3 45 11.5 0.78 23.3 05 97
4 6.0 (11.5) (0.78) (30.8) ( 0.5) (97)
3
5 15 91 1.00 85 45 81
6 13 3.0 10.0 0.90 9.9 3.0 88
7 45 104 0.87 144 2.0 92
-8 6.0 10.6 0.85 18.9 20 95
9 1.5 (11.8) (0.76) ( 8.3) ( 5.5) (80)
10 16 3.0 13.8 0.65 128 3.0 89
11 4.5 13.8 0.65 18.7 20 92
12 6.0 13.8 0.65 24.7 15 95
4
13 1.5 (10.0) (0.90) ( 5.4) (10.0) (74)
14 13 3.0 11.2 0.80 9.8 6.0 82
15 4.5 11.7 0.77 13.8 40 87
16 6.0 11.7 0.77 18.8 3.0 88
hr | (a) hr |(b)
X .
. %
£
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£4 £ /
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Fig. 7-2. Rational extent of drying conditions.
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Summary

In recent years, the mechanization of rice crop
production has been almost completed carried out
in Japan.

Especially, rice harvesting has been profoundly
mechanized by using the small combine which
was developed in Japan. Now, these combines are
increasing in size and are being improved in their
performance. Combined rice is relatively high in
moisture content and must be quickly dried to
prevent deterioration.

In order to adjust the drying operation to large
quantities of combined rice, it has been either

necessary to remodel the dryer into a larger size
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or to increase the number of dryers. In such
situations, it has been very important to establish
the most efficient drying method for rice of high
moisture content, without milling losses caused by
cracking or viability damage.

With these circumstances in mind, the author
carried out a series of experiments on the tem-
pering method of drying as a part of the study
on the rationalization of drying rough rice. The
author made it his purpose in this study to obtain
data for the design of a rational tempering dryer
and for the adequate use of the dryer, instead of
the theoretical analysis of tempering drying.

The following conclusions were drawn from ex-
perimental data:

1. The fundamental experiments of tempering
drying with rough rice.

The fundamental experiments were carried out
to determine the effects of the tempering process
on moisture migration, deterioration, chemical pro-
perties, germination viability and other rice quali-
ties. In laboratory tests, rice was dried in an
experimental oven from a variable range of ini-
tial moisture content to 15% using 60°C air with
a heating time of 1/6~1/2 hours and with a tem-
pering time of 15~120 hours. The tempering
process was done in polyethylene bottles.

Results obtained were as follows:

1) The amount of moisture transferred from
inside the rice grain to the outside of the hull was
largest at the beginning of the tempering period,
and it decreased with the progress of the tem-
pering process. Therefore the tempering time
should be determined corresponding to the drying
conditions and the drying process. It is thought
from the authors experimental tests that the re-
asonable range of tempering time is from 2 to 4.5
hours.

2} The smell of fermentation was recognized
in the tested rice at the initial moisture content
levels of 26 and 21% wet basis, at 6 ane 12 hours
after the starting of tempering.

3) The fat acidity value increased with the
increase of the moisture content at the beginning
of tempering. According to the present experi-
ment, the upper limit of tempering time was 3.0,
55 and 10 hours for the initial moisture contents
of 28, 26, and 24% wet basis.

4) The germination viability slightly decreased

with the increase of the tempering time.

5) It was recognized that the milling yield and
the cooking quality was not affected by changes
of tempering time.

2. Experiments on tempering drying with the
batch method (keeping the tempering time at 3
hours).

The experimental data were obtained under the
following conditions : the air temperature was from
40 to 80°C, the airflow rate from 1 to 4 m3/s.t, the
heating time from 1/8 to 3 hours, the tempering
time 3 hours constant. The experimental apparatus
consisted of a wind tunnel and batch type dryer
equipment.

The following results were obtained:

1) The drying rate increased with the increase
of the air temperature or the rate of airflow and
with decrease of the heating time. In particular,
the effect of the airflow seems to be the greatest.
When high-moist rough rice was dried with a
commercial dryer with a tempering time of 3
hours, the adequate range of heating time was
considered to be 1/6 to 1/3 hours.

2) The amount of cracked grain increased with
the increase of air temperature, airflow rate and
heating time.

It was found that the rice temperature was
closely related to the number of cracks, so that
the temperature of rice could be considered as an
index for a safety operating schedule under any
drying condition.

The data indicated that the rice temperature
should be kept below. 37°C.

3) When the temperature of rice was below
40°C, the germination viability was over 80%.

4) The gloss of hulled and milled rice, dried
under the condition of a rice temperature below
40°C, was not affected by artificial drying.

3. Experiments on tempering drying by the
batch method with a low moisture content in rough
rice (varying the tempering time from 1 to 5
hours).

The experimental data were obtained under the
following conditions: the airflow rate was from 2
to 4 m3s.t, the heating time from 1/6 to 1/2 hours,
the tempering time from 1 to 5 hours, and the air
temperature was kept at a 60°C constant. The
initial moisture content was 187 to 19.8% wet
basis. The experiment apparatus was the same as
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described in part IL

The following results were obtained :

1) The rate of drying increased slightly with
an increase in tempering time.

2) The relationship between the drying con-
dition and the rate of drying was the same pre-
viously stated.

3) The rate of cracking and germination were
closely related to the temperature of rice. It was
found that the safty limit of the temperature in
rice was 37~40°C.

In case of severe drying conditions, it is neces-
sary to increase the tempering time.

4) The experiment on tempering drying by the
batch method with a high moisture content in
rough rice (varying the tempering time from 1.5
to 6.0 hours).

The experimental data were obtained under the
following conditions: the airflow rate was from 3
to 4 m¥s.t, the heating time from 1/6 to 1/2 hours,
the tempering time from 1.5 to 6.0 hours and the
air temperature was kept at a 60°C.

The following results were obtained.

1) The relationship between the drying condi-
tions and the rate of drying was the same as the
results which were previously stated. It was found
that the drying rate attained to a maximum when
the tempering time goes on from 3 to 4.5 hours.

The longer the tempering time beyond 4.5 hours,
the more the drying rate decreased. The satura-
tion point of the drying rate was varied by drying
conditions.

2) The data indicated that the safety limit of
the tempering in rice was 40~43°C.

The author analyzed the tempering effects in the
following subjects.

(1) The amount of moisture transfer between
the hull and hulled rice.

(2) The change of humidity in the airspace sur-
rounding the grain in the tempering tank.

(3) The change of humidity in the exhaust air.

The tempering effects were affected by drying
conditions and the drying process. When the
drying conditions were severe or the moisture
content of rough rice was high, the tempering
effects appeared obviously at the beginning of
drying.

In case of a moderate drying conditions, the
tempering effects appeared at the middle or later

period. According to the results of the experiment,
it was considered that the adequate tempering
time should be decided concerning to the drying
conditions and the drying process. However it is
difficult to put the above method to practical use
at a cooperative drying plant, because this method
might disturb the flow of rice, causing disorder.

Consequently, the tempering time was held con-
stant. In the case of a constant tempering time,
the dewcondensation which would occur in a tem-
pering tank at the beginning of the tempering
period, should be prevented. The author con-
sidered the aeration of the tempering tank was
one of the effective method for preventing dew-
condensation.

5. The experiment on tempering drying by the
recirculating method with a high moisture content
in rough rice (varying the tempering time from
1.5 to 6.0 hours).

The pourpose of this experiment was to find out
the drying conditions which could be applied to
the recirculating tempering dryer that is now
widely used. The author constructed a laboratory
scale recirculating tempering dryer.

The experiment was carried out under the fol-
lowing conditions: the airflow rate was from 3 to
4 m3/s.t, the heating time from 1/6 to 1/3 hours,
and the air temperature constant at 60°C. The
initial moisture content was 19.5% and 26.5% (re-
moistened rough rice).

The following results were obtained:

1) It was found that the relationship between
the drying conditions and the rate of drying was
the same as with the batch type under every dry-
ing condition.

However, the rate of drying with the recircu-
lating method was slightly higher than the rate
of drying with the batch method.
sideration of the fact that in the case of the

Taking con-

recirculating dryer, the tempering period was
included in the drying process, no appreciable
differences in drying rate could be attributed to
differences in drying method.

2) The number of cracked grains with the re-
circulating drying method was half of that with
the batch drying method under every drying con-
dition. The germination viability with the re-
circulating drying method was 5~20% higher than
with the batch drying method.
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6. Studies on the rational drying system.

The author intended to apply the results which
were obtained in this study to practical use. It
was found that the application of drying condi-
tions for a high moisture content in rough rice
harvested quickly by small combines with an in-
dividual dryer was limitted to a small extent.

In case of cooperative drying plants where two
or more dryers were used and were operated with
some timelag, the available range of drying con-
dition was wider than a personal dryer.

Also, it was found that it might be able to dry
such an amount of rough rice as 12~18 times the
capacity of the dryer depending on drying con-
ditions.

Tkhe author has discussed about the double stage

drying method using semi-dried rice and this
method has been recently advocated in place of
the single stage drying method. In case of the
double stage drying method with semi-dried rice,
it is possible to produce a good quality of dried
rice under comparatively moderate drying condi-
tions more so than with the single stage drying
method.

However, there are some problems that must be
settled immediately. For example, the techniques
for safe storing of semi-dried rice rnd the devel-
opment of an inexpensive storage plant for semi-
dried rice. 1f these problems were resolven, the
semi-drying method with double stages would be
effective as a rational drying system.



