CHAPTER 6

RESULTS AND DISCUSSIONS

6.1 .THE FLUDIZING VELOCITY

From experimental data of six runs the curve representing

pressure drop vs. superficial velocity of air is shown in table 6.1
and fig.6.1, the minimum fluidizing velocity of air for the rice

bran is 28 cm/sec. Then treating rice bran air velocity for all

procedures was set about two times of minimum fluidizing velocity

(56 cm/sec).

6.2 DETERIORATION OF OIL IN RICE BRAN.

Deterioratioﬁ of rice bran during storage is the result of
complex chemical and biological reactions. Deterioration of .
rice brén and oil is considered * the most serious obstacles
for economic production of a high quality edible oilAas well as

the use of rice bran =2s animal feed.

The FI'A content is uued as an index of deterloratlon of oil
and 01l-conta1n1ng materlals. A hlgh FFA content is‘'considered a
serious detrlment. FFA content of treated and untreated rice bran
at vdr%ous storage time, extracted by using soxhlet extractor as

in appendix A, are shown in table series 6.2 and 6.3 . It is

unconvenient to compare the efficiency of stabilization conditions

by using the relation of FFA and storage times as shown in fig.6.2.1
and 6.2.2 so the Karon Attachul equatlog 1éhaégé)to describe this
hydrolysis reactlon. The lipolytic rate depends upon-the biological

system such as temperature, light humidity and exposed surface:area.

The rate of hydrolysis of rice bran 0il can be expressed by the

autocatalytic types equation proposed by Karon and Attschull.

d(%FFA) = K(%FFA)(100-%FFA) ‘ (6.1)
d(t; _
where %FFA = percentage of free fatty acid produced based

on oleic acidA
= 1.99 x A.V



TABLE 6.1 DETERMINATION OF THE MINIMUM FLUIDIZING VELOCITY

Run.No.h

Run No.5

 Vaiuee:

Al Run No.1 Run No.2 Run No.3 Run No.6 Ave.
Veley U |AP(mm water) | AP(mm water) AP(mm water) | AP(mm water) | AP(mm water) | AP(mn water) [AP(mm water)
(cm/sec) incr.| decr. | incr. | decr. incr. | decr. | incr. | decr. incr. | decr. | incr. | decr. incr. | decr.
8.55 | 3 | 18 3 | 1w 2 | 12 ks 3 | 22 2 | 22 | 2,50 47.33
12.95 5 12 5 20 L 18 in 18 4 12 3 10 | 4.17 | 15.00
16.55 6 20 6 12 4 20 6 16 6 16 6 16 5.33 | 16.00
22.03 14 20 12 14 22 A &2 é 12 12 17 16 12 13.67 | 16.17
26.74 | 18 10 16 16 24 23 20 14 16 20 14 16 18.00 | 16.50
35.65 20 10 17 20 20 23 20 15 18 20 18 18 18.83 17.67
40.74° | 20 13 | 19 | 18 22 |.24 21 17 20 20 18 20 | 20.00 | 18.67
49,66 20 14 20 22 23 25 22 20 20 18 19 20 20.67 | 19.83
. 57.35 22 16 20 20 24 26 23 22 20 20 20 20 21.50 | 20,67
66.21 22 18 21 22 oh 27 23 23 21 21 20 20 21.83 | 21.83
76.39 23 22 21 22 25 27 2k 23 21 21 20 20 22.33 | 22.50
86.58 24 2k 22 22 26 27 25 2k 22 21 21 20 23.33 23.50’
 95.49 | 24 2k 22 22 26 27 25 25 22 22 21 21 23.33 | 23,50
- 105.68 25 25 23 23 27 27 25 25 22 22 22 22 24,00 | 24,00
115.86 26 26 23 23 27 27 25 25 23 23 | 22 22 24,33 | 24,33

-
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TABLE 6+2.1 DETERIORATION OF OIL IN UNTREATED RICE BRAN

%

TYPE OF CONTAINER : CLOTH BAG
TREATMENT | STORAGE | %MOIST. | %0IL | %OIL %FFA | %FFA x 107 peMARk
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFA) | *“
q 11.02 | 16.92| 19.02 | 13.47 155.6 K = 111.30
s 12 9.06 19.§1 21861 38,11 615f7 w2 0.997
23 9.17 | 17.04 | 18.76 | 66.79 2011.5

* at analyzed time

** the value of K is multipied by 105



TABLE 6.2.2 DETERIORATION OF OIL IN TREATED RICE BRAN‘

54

TYPE OF CONTAINER : CLOTH BAG
TEMPERATURE OF TREATMENT : 70°C
TREATMENT | STORAGE | %MOIST. { %0IL | %OIL %FFA | %FFA x 10° Fpa
TIME(min),| DAYS CONT. | CONT. { FRAC. { IN OIL | (100-%FFA)
12 8.96 | 16.06 | 17.64 | 38.94 63%:9 . {1 84 dn
5 17 8.17 | 15.96 | 17.38 | 48.09 926.4 r2a 0.995
27 8.84 | 16,62 | 18.23 | 71.71 2534, 3
48. 8.53 | 16,12/} 17.62 | 40.15 670.9 K = 68.3k
15 - 17 7.60 [16.75| 18.13 | 48.60 945.5 r2= 4. 28
28 8.73 | 16.62 | 18.21 | 66.70 2003.0
12 7.89 | 16.651 18,07 | 38.49 625.8 | ¢ _ v e
35 17 7.71 | 16,13 | 17.48 | 47.98 922.3 22 1.00
28 8.69 | 16.52 ] 18.09 | 65.10 1865.3
12 7.39 1.19.06 20.%8 32.91 490.6 K = 71.71
60 17 7.34 116,48 | 17.78 | 40.15 670.9 2= 0.998
28 8.55 | 16.67 | 18.23 | 60.47 1529.8
——————————— -——.—..—.—-—..——_——}.__—._.;._..__.._—.—————
12 7.21 | 19.28 | 20.78 | 32.16 47241 | ¢ . 6.20
90 17 7.42 19971 1225 | 36,02 563.0 r2= 0.97
28 8.59 [.16.85| 18.43 | 60.50 1531.7

* at analyzed time

*% the values of K is

multiplied by



TAB?E 6.2.3 DETERIORATION OF OIL IN TREATED RICH BRAN*4

TYPE OF CONTAINER
TEMPERATURE OF TREATMENT : 9OOC

: CLOTH BAG

RS

55

TREATMENT | STORAGE %MOIST. | %OIL | %0IL %FFA | %FFA x 10° i e
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL €1Qo-%FFA5 REMARK
11 9.06 | 16.88 | 18.56 | 38.09 615.3 £ 0.4
5 16 7.90 | 16.40 | 17.81 48.98 886.3 r2=-1 o
28 8.93 | 16.68 | 18.31 | 66.69 2002. 4 :
—————————— ————b———.—--———-——-——-—‘_—--———P—-——-———
12 8.70 | 16.72 | 18.31 41,16 699.4 K = 56.94
15 17 7.48 17.04 | 18.42 | 46,48 868.5 r2= 0.994
28 8.84 116,75 | 18,37 | 63.14 1713, 3
12 %O 16.88 | 18.16 36.73 580.6 K = 67.79
35 17 7.23 | 16,91 | 18.23 ‘44.62 805.8 2. 4 00
28 8.77 16.78 | 18.3%9 63.14 1713.3
12 6.84 16.83 18.96 23207 | 509.9 K = 68.52
60 17- 2.19 16.97 18.28 | 42,38 735.4 ra: g
28 8.69 | 16.59 | 18.17 | 60.54 1534,.2
12 6£92: 11 1h 1 7weBuintf 48 34.17 519.1 K = 59.80
90 17 T 16.79 | 18.08 41,38 706.0 r2= 1.00
29 . 8.63 | 16,68 | 18.26 | 58.98 1437.6
* at analyzed time : :
105

** the values of K is

multiplied by



TABLE 6.2.4 DETERIORATION OF OIL IN TREATED RICE BRAN

TYPE OF CONTAINER

: CLOTH BAG

56

TEMPERATURE OF TREATMENT : 105°C
TREATMENT | STORAGE | %MOIST. | %0IL %0IL - %FFA | %FFA x 107 i
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFAy | REVARK
5 19 8.09 16.76 18,24 47,53 905.7 rz_ A 66
29 8. 54 16.75 | 18.31 62.98 1701.0
12 6.87 1752 | 18.81 36.06 563,2 K = 63.68
15 19 7.54 116,79 | 18.16 | 47,65 910.3 ra_ . ach
29 8.53 | 16,601 18.15| 64.41 1810.1
12 A 6okl 17.78 | 19.00 20.40 436,.8 K = 69.23
35 19 7.29 16f7o 18.01 40,84 690.2 ra_ 0.998
29 8.62 16.7h 18.32 | 58.55 1412.7 :
A 12 6.26 | 17.37 | 18.53 | 28.54 3994 | ¢ . 65.42
60 .59 7.2458 17 81T 18.77 | "37.92 610.9 r2= .00
20 8.56 | 16.90 18.48 56.36 1290.8
1% G871 17.98 1 18,37 29.05 409.3 K 's 60,69
90 20 72.26 12:18 1 18.55 1 38 .42 624 .0 rz; e o
20 8.64 16.94 | 18,54 59.41 1147.6
* at analyzed time !
multiplied by 10°

** the values of K is



TABLE 6.2.5 DETERIORATION OF OIL IN TREATED RICE BRAN*

57

18.27

TYPE OF CONTAINER : CLOTH BAG
TEMPERATURE OF TREATMENT : 115°C
TREATMENT | STORAGE | %MOIST. | %0IL | %0IL %FFA | %FFA x 10° i
TIM&(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (TO0-9%FFA) :
6 6.66 | 17.31 | 18.55 | 41.36 #05.20 4 1o e g
5 15 8.01 | 16.83 | 18.30 52.08 1086.8 r2= 0.995
23 8.78 | 16.67 18427 | 63.72 1756.6
6 5.62 | 17.46 | 18.50 | 38.19 617.9 K = 60.52
15 13 7.72 | 16.62 | 18.01| 47.85 917.7 ¢ S
23 8.70 | 16.73 18.32 | .63.28 1723, 3
————— .———-——4—.-—-—-—-—--——--—1——-—-—--—.——--——-.--.——-——--—-
6 5.347 | A7.70138471 | 34.82 534,3 K = 58.22
35 13 7. 42 17.29 | 18.67 | 44,54 8032.2 r2= 1.00
24 8.62 | 16.43 { 12,98 | 60.58 1523,7
6 6.09 | 16.72 {1781 3k.12 517.9 k - 75.51
60 14 7.60 | 16.93 | 18.32 | 43,73 297 . % & 6.974
24 8.73 16.45 | 18.02 66.53% 1987.7
6 '6.68 | 18.10 | 19.40 33.11 49k.9 K = 43.58
90 14 7.52 | 17,12 }18.,51 | 40,88 691.4 o
: 24 8.81 | 16.66 52,00 | 1083.3

* at analyzed time
** the value of K is multipied by 105
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TABLE 6.3.1 DETERIORATION OF OIL IN UNTREATED RICE BRAN

TYPE OF CONTAINER

: POLYETHYLENE BAG

58

TREATMENT | STORAGE %MOIST.| %0IL | %0IL %FFA | %FFA x 107 | g .
TIME(min) | DAYS | CONT. | CONT. | FRAC. | IN OIL (T00-%FFa) | REMARK
0 10,15 § 18,96} 20.21 {1 4,97 5041
b 9.83 1 18,711 20,75 § 13.57 197.0
10 9.63 | 19.89| 21.30 | 22.76 294,7 _
17 9.81 | 19.01] 21.08 | 33,52 504.2 K3= inig i
e 26 9.80 | 19.08) 21.15 | 41.26 702.3 Bt Ta0R
36 9.83 [-19.36| 21.46 | 51.61 1066.0 K,= 33.83
Ly 9.9% ' 19,431 21.58 | 58.99 1439,0 rgg 0.98
52 9.39 1 20,11} 22.19 | 60.25 1515.8
61 9.50 }V 19,10} 21.11 | 70.20 2353,1
83 9.35 |719.30} 21.29 | 76.07 3179.0

* at analyzed time : ,
** the values of K is multipied by 'IO5
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TABLE 6.3.2 DETERIORATION OF OIL IN TREATED RICE BRAN -

TYPE OF CONTAINER
. TEMPERATURE OF TREATMENT : 7OOC

: POLYETHYLENE BAG

59

TREATMENT | STORAGE | %MOIST. | %0IL | %0IL %FFA | %FFA x 10°. REMARK "
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFA
5 k.03 | 19.48 | 20.30 | 7.94 86.2
11 5.91 | 20.61 /27,90 | 9.70 107.4
20 k.52 |20.02 | 20,97 | 11.56 13047 Ki= 43.61
27 4.76 119,97 | 20.97 12.46 42,4 r$= 0.99
$ .37 Liho 119,58 | 20.50 | 14.47 169.2
L6 L.67 }20.46 | 21.46 | 15.38 181.7 Ka= 13,83
53 4.53 |'20.09 | 21.04 | 16.88 203. 1 ro= 0.99
64 4.89 120,61 | 21.67 | 19.55 243.0
85 5.28 | 20.38 [ 21.55 | 25. 36 339.8
5 2.78 |20.90 [21.50 | 7.84 83.6
12 2.92 120,13 1202745 1 8. 444 92.2
20 3.09 | 20.6121.25| 9.10 100.1
29 - 3538420476 | 21 46 1940 103.7
15 37 3.18 | 19.96 | 20.61 | 10.30 14,8 K2= 8.86
46 5036 | 20.43 | 21,14 | 11.01 123.7 il i
53 k.72 | 20.08 | 21.07 | 11.61 131.%
65 3.76 |.20.98 | 21.80 | 12.62 44,5
85 3.86 |20.73 |21.56 | 14.62 171.2

* at analyzed time
** the values of K is multiplied by 105



TR

TABLE 6.3.2 (Continue)

60

TREATMENT | STORAGE | %MOIST. %01L %FFA x 10° Lo
TIME(min) | DAYS CONT. FRAC. (100-%FFA) | g HARK
8 1.69 2110 80.4
o - 1.99 20.94 88.0
20 2.36 21.38 92.2
2¢ 2.63 20.60 91.6 G G
35 38 2.60 21.23 98.8 LI
46 2.66 21.24 103.1
2% 2:6% 21.70 109.3
' 65 3.16 21.90 128.7
86 3.73 21.87 43,2
6 1,69 24,26 91.6
12 4,84 21.34 91.6
20 219 21.3%9 95,2
28 e+ 39 21.05 98.2 K = k.75
60. 38 2. %3 21.49 103.6 2. o
L6 2.25 21.19 106.8
54 2.58 21.08 112.0
65 2.73 20.81 118.9
86 3.03 21.26 131.1
‘.at analyzed time
10

** the values of K is multipied by



TABLE 6.3%.2 (Continue)

61

%FFA x 103

TREATMENT | STORAGE | %MOIST. | %OIL | %0IL %FFA PN
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFA) |REMARK
6 1.75 | 20483 29.20 } 8.4k 92.3
12 1.88 | 20.56| 20.95| 8.49 92.8
21 1.80 | 24336842851 9.25 101.9
28 2.50 | 20,60| 21.12| 8.95 98.3
90 38 2.50 | 21.15| 21.68] 9.20 101.3 KZ" %69
47 2.55 | 20.77] 21.30] 10.20 113.6 ¥= 0,96
54 2.61 | 20.38| 20.91| 10.35 115.5
67 2.70 | 20.54} 21.11| 10.83 121.5
86 20.401 21.41) 11.72 132.8

292

* at analyzed time

** the values of K is multipied by 10”



TABLE 6.3.3 DETERIORATION OF OIL IN TREATED RICE BRAN

TYPZ OF CONTAINER

: POLYETHYLENE BAG

62

** the values of K is multipied by

' TEMPZRATURE OF TREATMENT : 90°¢
TREATMENT | STORAGE | %MOIST. | %0IL | %OIL %FFA | %FFA x 10 $e
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFAY | REMARK"
| 6 2.02 | 20.35 |20.77 | .43 35.5
1% 2.18 |20.81.21.28 | 3.64 37.8
21 1.92 | 20.93 12734 | 3.85 40,0
28 2.72° 12093 {22150 | 3.79 39,4 ¢ 5 5B
| 39 2.38 | 19464 | 20.12 | 4.00 41,7 2 0.97
48 2.13_#20 /72 481 TN &, 34 L5.4
55 2.95 A 2N /381 22,03 | ¥, 46 h6.7
68 2.85 V21452 122.15 | 5.04 5%, 1
88 2.89 |20.97 | 21.60 | 5.33 56.3
7 0.09 | 21.28 {21.30 | 3.53 36.6 &
13 1.28 | 21.41 | 21.69 | 3.59 372
2% 1.45 21e73 | 22.05 2.75 39.0
28 1.88 ] 21,70 1 21,80 | "3.86 40.2 o 5.15’
& 1 39 - 1.96 | 21.14 | 21.56 | 4,06 42,3 r2s 0.99
Ly RUUBLALNonUEY S0l IV >0 k.9 :
54 3.07 20,77 1 2141 | 4,44 L6.5
67 300 | 21,11 12176 | 4,68 48.9
87 . 3,09 |21.16 [21.84 | s5.14 54,2
§
* at analyzed time
10



TABLE 6.3.3 (Continue)

63

TREATMENT | STORAGE | %MOIST. | %0IL | %0IL YFFA | %4FFA x 10° x*
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFA) | REMARK
5 0.60 |21.77 |21.90 | 3.57 37.0
11 0.70 |21.37/]21.52 | 3.48 36.1
18 1.09 21.67 121.89 3,68 38,2
26 1.02 | 20.90 21713 3,77 39.2 K = 4.86
35 38 1.16 -1 20.86 | 21.10 | 3.96 41,2 $2. 6.5
46 1.24" 127,141 21.38 | 4.05 Lo, 2
53 1.1 N 21,651 24.68 % 4. 4o 46,1
64 1.66/ V21,781 22.15 { 4.s2 474
8l 1.88 /| 20.82421.224] 5.05 53,2
5 0.60 |21.27 {21.40 | 3.32 34, 3
11 0.64 {21,672 424.811 3.40 35,2
18 0.88421.12 | 21.31%4 3.55 36.8
27 0.89 |21.88 | 22.08 | 3.72 38.6 o dhths
60 37 .01 31:68 21.90 Be?? 39.2 r2= 0.99
45 1.05 {20.58 | 20.80 | 4.0k 42,1
‘53 1.60 121.08 | 21.42 | 4,19 43.7
64 1,72 $21.36 } 21.73 L b1 h6,2
84 1.93 |21.39 | 21.81 | 4.68 49,1
N analyzéd time :
10°

** the values of K is mulfipied by



TABLE 6.3.3 (Continue)
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%FFA x 1o3

TREATMENT | STORAGE | %MOIST. | %0IL | %OIL %FFA REMARK
TIME(min) | DAYS CONT. | CONT. | FRAC. |IN OIL | (700-%Fra) | "%
5 0.40 | 22.01(22.01 | 3.78 39.3
11 0:46 | 22,123 32.22 | 3,723 38.7
18 0.69 | 20.71|20.85 | 3.82 39.7
27 0.74 {20.99 | 21.15 | 3.87 4o.3 K = 3.62
90 » 0.77+42%.60 | 2937274 3.94 41.0 FoEe
4s - 099 _¥19,91\| 20.7Q. ] 4.12 43,0
5% 1.38 A 21 BPKR2. 18] 4.15 L3, L
64 1.52 A 2Ayd@lA1. 482N 4. 43 L6, 4
84 1.57 | 28:%51524.06 5.00 52:6
* at analyzed time
** the values of K is multipied by 105’
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TABLE 6.3.4 DETERIORATION OF OIL IN TREATED RICE BRAN

TYPE OF CONTAINER

: POLYETHYLENE BAG

65

TEMPERATURE OF TREATMENT : 105°C
TREATMENT | STORAGE | %HOIST. %OIL |%OIL | %FFA | %FFA x 10° ST
TIME(min) DAYS CONT. CONT. | FRAC. | I OIL | (100-%FF4&) PRI
4 0.55 |20.66 |20.77 | 8.11 88.3
10 079 [2%.2h 121,42 ) "7.84 89.4
18 0.88 20.88121.07 Sai2 89.4
2§ 1.05===21, 29 |2553 8.21 89.4 £
5 36 1.1h 20,76 21.00 8.26 90.0 -1 0.93
Ll 1472 f21.26 | 21.48 | 8.68 95.1
52 1.29 /| P83 22.12 8.58 93,9
61 1.69 [21.3%{21.71 | 8.95 98.3
83 2.23/ V2939 P21.63 | 9.47 104.6
__________ et 53 - ( ) IR S P S
5 0.09 19.68 | 19.70 7.75 84,0
12 0.56 | 21.83 21.93 | 8.07 87.8
19 0.2%~ 21.15 | 21.3% 1 8.25 89.9
27 0.69 21.08 | 21.23| 8.26 90,0 K = 0.14%
15 27 0.69 2%1.91 1 21,66 7.90 85.8 ra_ 0.56
46 OdI-UIN2Nen | 21590°1108L01 - 87.1
53 1.53 | 21,60} 21.93| 8436 91.2
65 1.52 1 21.%2129.481 8,78 96.3%
85 1464 | 21,57 ] 21.935 | B.63 94,5

* at analyzed time

** the values of K is multipied by 10

5



TABLE 6.3.4 (Continue)l

66

TREATMENT | STORAGE %MOIST. %0IL | %0IL’ %FFA | %FFA x~1o3 REMARK**
TIME(min) DAYS CONT. CONT. | FRAC. | IN OIL z100—%TFA§
7 OO0 122,07 122,07 | Z2.44 . 80.4
13 023 121.73 121,98 | 7.89 88,7
21 0.24 |21.84 |21.89 | 8.00 86.8
29 O3 421,09 |2%:48 | 7.89 - 85.7 i ma
o b 39 0.57 22,1 22271 7.64 82.7
L7 07471V 71 1 21.8%] 7.89 85.7
55 < 21.60 | 21.86 2.79 8L4.5
73 1.16/ [271.53{21.78 | 7.69 83.3
87 1.51 21.56 | 21.89 277 84,2
_____ T R AT e e (0 - AR T S e P |
? 0.00  [ErSara24.90 7. 50 81.5
1% 0.25 |20.88 | 20.93 | 7.8L4 85.1
22 035 |20.98 2%,05 7.89 85.7
29 007 Ter.ex 1218771 72.64 8247 K = 0.00
60 %9 087 N 2148 1] 2467 7«39 79.8
48 1.36 | 20,80 | 21.09 | 7.79 84.5
55 1.65 121.50 | 21.86 | 7.64 84.5
73 1.96 21.59 | 22.02 8.08 - 87.9
88 2.09 2.2 121,42 7.84 85.1
* at analyzed time

** .the values of K is multipied by

105



ThBLE 6.3.4 (Continue)

67

%FFA x,1o3

84.7

‘TREATMENT | STORAGE | %MOIST. | %OIL [%0IL | %FFA . s ¢
TIME(min)| DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFA) -
7 0.00 | 21.34 |21.34 | 7.54 81.5
14 0:22 | 210 2 82.49 | 7.89 85,7
22 0.39 | 21.48 [21.56 | 8.1k 88.6

29 0.62F2%.28 | 282 8.00 86.8 K = 0.00
90 39 0.7142V/B2 L2138, 7.64 82.7

48 1.Q27 |/ 2V/2641 22.08Q $£.8.00 86.8

55 1.4 121,33 | 21.64 | 7.69 83.3

7% - 1.4971/20.97 121.28 | 7.83 85.0

88 1. 73/} RIS 2A1. 574 7.81

* at analyzed time

** the values o1 K is multipied by 10

5
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P Lo
_TABLE 6.3%.5 DETERIORATION OF OIL IN TREATED RICE BRAN

TYPE OF CONTAINER ¢ POLYETHYLENE BAG
TEMPERATURE OF TREATMENT 11500

TREATMENT | STORAGE %MOIST. | %0IL | %OIL %FFA | ¥FFA x 10° ok
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%rFAy | REMARK

2 0.00 |21.04 |[21.04| 9.65 106.8
13 0.72 | 21.14% | 21.29 | 10.00 1941
21 0.66 | 20.53120.67 | 10.40 1461

28 0.95F21.897 2527 ( 9.85 109. 3 K s 608
5 39 1,05 }21.26 | 21.49| 9.90 109.9
Y . 1.36 120,30 | 20.58 | 10.25 14,2
54 1.74 /121,66 | 22,04 | 9,80 108.6
76 2.58 /121378 22.2%f 9.63 106.5
87 - 2.63 120.99 [21.56| 9.90 109.9
? 0.00 {21.40 | 21.40 | 9,45 104.4
13 0.18 }19.52 119,56 | 9.70 107 .4
&% = 0.18 1 20.48 | 20.52 | 10.55 118.0

32 0.40 | 20.50 20.58 | 10.25 _114,2 ¥ o0

15 39 - 0.72 f21.45|21.61| 9.90 109.9 :

L7 1.07 | 20.43 | 20.65 | 10.25 14,2
56 1435 1 2%.486 F21.751.9.806 108.6
76 2.31 | 22,24 [ 22,76 | 9.54 105.5
88 2.37 | 21.14 [ 21,65 9.82 . 108.9

* at analyzed time :
** the values of K is multipied by 10°



TABLE 6.3.5 (Continue)

69

YFFA x 107

TREATMENT | STORAGE | %MOIST. |%OIL. | %OIL %FFA St
TIME( min)|{ DAYS ‘CONT. |[CONT. | FRAC. | IN OIL | (100-%FFA)
7 1 0.00 |20.55 [20.55 | 9.25 101.9
13 0.10 |20.61 |20.63 | 9.70 1074
22 0.25 [20.63%{20.68 | 9.75 108.0
32 0.40 }21.76 | 21.85 | 9.70 107.4 i B
39 29 0.55 |21419 | 21. 31 9.40 103, 7
48 0.40 {21.53 | 21.62 | 9.40 103.7
56 1.15 /121.09/|.21.33 ] 9.65 106.8
76 1.29 /| e2AZN 22,52 9.01 99.0
88 2.02/ |20.98 ['21.41 | 9.52 105.2
? 0.00 20.72~ 20.72 | 9.05 99.4
14 0400 21,20 {21.20 | 9.20 101.3
22 0.49 ] 20.56 | 20.60.| 9.75 108.0
32 0.30 | 21.31 23,37 | 9. 40 103.7 K = 0.00
60 38 0.40 | 21.52 | 21.60 | 9.30 102.5 '
47 0.43 | 21.17 | 21.26 | 9.20 101,3
: 55 .07 121,37 1 21.60 | -9.20 101.3
76 1.31 | 22,08 | 22,37 | 7.14 | ' 76.8
87 1.94% | 21.08|21.50 | 9.30 102.5
* at analyzed time
10”

** the values of K is multipied by



TABLE 6.3.5»(Continue)

70

) : =
YFFA x 10°

TREATMENT STORAGE %MOIST. | %OIL | %OIL %FTA REMARK*—
TIME(min) DAYS CONT. CONT.| FRAC. | IN OIL | (100-%FFA) :

8 0.00 |20.64| 20.64 | 8.09 88.0 =

14 0.10 |20.80] 20.82 | 8.44 92.2

22 0.27 |20.38} 20.44 | 8.49 92.8

32 O40—F21.24] 2132 | 8.44 92.2 X Lns

90 41 0. k27 Yeryoel 2812 8.19 89.2 '

L8 0.56 214kl 21.56 8.2k 89.8

56 1.16 /|20.86] 21.10 | 8.04 B7.5

27 1.60 /|21.51] 21.76 | 6.59 20.6

89 1.83 [21.17] 21.56 8.37 91.3%
¥ atk analyzed time

105

** the values of K is multipied by
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TABLE 6.3.6 DETERIORATION OF OIL IN TREATED RICE BRAN

TYPE OF CONTAINER
TEMPERATURE OF TREATMENT :'12500

: POLYETHYLENE BAG

71

TREATMENT | STORAGE | %$MOIST. | %0IL | %OIL %FFA | %FFA x 10° g "
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFay | REMARK
8 0.60 |21.39 | 21.53 | 10.20 113.6
14 0.65 |20.88 | 21.02 | 10.65 119.2
22 0.79 |21.12 /21,29 | 10.85 121.8
8 1.03 | 20.70 | 20.92 | 10.55 118.0 G
5 L1 1.05 }2%,57 ['29.801 10. 35 115.5
48 1.00.120.55 | 20.76 | 10.65 119.2
58 2.04 |'21.5%| 21.98 | 10.96 123,2
77 2.22/ [ 21.08 {21.56 | 10.95 123.0
89 2.15/ |/ 3238 21.?6 10.65 119.2
8 0.16 |20.93120.96| 9.65 106.8
i 0.27 | 21.46 éj.52 9.90 109.9
23 0LE_[ 21.13 | 21.234.40.55 118.0
: 33 0.50 | 21.69 | 21.80| 9.55 105.6 £ - 008
15 41 DUBHITEa0e3 W 294916 §, 80 108.6 »
49 0.97 | 21.28 | 21.49 | 9.70 1074
58 1.73 | 20.99 | 21.36 | 9.90 109.9
80 2.54 | 20.70 | 21.24 | 9.98 110.9
89 2.3% ] 20.73 | 21.231 9.93 110.2
* at analyzed time
bl 't valués of K is multipied by 105



"TABLE 5-3.5 (Continue)

e

TREATMENT | STORAGE | %MOIST. | %0IL | %OIL %FFA | %FFA x 10° e
TIME(min) | DAYS CONT. | CONT. | FRAC. | IN OIL | (100-%FFL) | REMARK
8 0.17 | 21.45| 21.49 | 8.95 98.2
15 0.21 | 21.85 21.90 | 9.30 100.5
23 0.46 | 20.83|20.9% | 10.50 107.3
33 »0.36 21.62 | 21.70 | 9.40 103.7 e
35 41 0.52 121485 | 21.96 | 9.35 10341
49 0.92 20430 | 20.49 | 9.25 101.9
58 1.40 /122,01 |,22.01| 9.40 103.7
80 2.01 /1 20.92 ] 21.35 | 9.46 104, 5
90 2.00' |21.02 [ 21.45 | 9.46 104,5
8 0.02 |z0-78 20.19 | 9.35 10341 j
15 0.06 120,29 {20.30 | 9.80 108.6
23 0.47-120.60 | 20.72 | 9.95 110.5
33 - 0.46 |20.76 | 20.86 |.9.35 10%, 1 K w000
60 . L2 0.83 |20.30 | 20.47 | 9.90 109.9 g
49 0459 [19.91 | 20.03 | 9.35 103.1
58 1.1 120.95]21.25 | 9.50 10449
80 2,02 [19.90 | 20.31 | 9.59 106.0
90 2.02 |20.09 | 20.50 | 9.59 106.0
* at analyzed time *
10°

** the values of K is multipied by



TABLE‘6.3.6 (éontinue)

73

TREATMENT | STORAGE | %MOIST. | %0IL |%0OIL %FFA | %FFA x 100 | __ s
 TIME(min) | DAYS CONT. | CONT. | FRAC. [IN OIL | (100-%FFay | REMARK
8 0.00 |21.40 |21.40 | 8.63 9. b
15 0.01 [20.64 | 20.64 | 9.08 99.9
23 0.09 |20.75120.77 | 9.61 106. 4
34 0.16 1 20.49 | 20.52 | 8.96 98.6 b o o.do
90 Ly 0.52 120,69 [20.80 | 8.74 95.8
49 0.59 119.91 | 20.03 | 8.95 98.2
59 0.98" [20.75120.96 | 9.20 101.3
- 81 1.53/ |/20.59 [ 20.91 | 9.12 100.3
91 1.33 /| 20.18 | 26.45 ] 9.16 100.8

* at analyzed time

** the values of K is multipied by 10”
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TABLE 6.4 COMPARISON THE EFFECTS OF CONTAINER IN STORABILITY
OF RICE BRAN

TREATMENT | TREATMENT | HYDROLYSIS COIISTANT (K x 107)
TEMPERATURE | TIME(min) CLOTH BAG | POLYRTIVLENE BAG
UNTREATED RICE BRAN } Sy 3 o K= 104.95,K,= 33.83
Y BT kb A ISR T
5 93.2 K = 43.61,K = 13.83
15 _ | 6L, 3k 8.86 ‘
70% 35 67.56 6.82
60 : 21.71 ol .
90 76.20 ‘ 4,69
évgrage (K) = 74,60
) 69.14 5.85
b S 5694 5.15
90°¢c 35 67.79 4.86
60 68.52 L.71
90 : T 59,80 3.62
average (K) = 64.44
5 63.22 2,42
7 68.68 0.4
105°¢C 35 69.23 " 0.00
: 60 65.42 ;0,00
90 60.67 - 0.00
averape (K) = 65.44
e | o TRt CSS S S SRR SR T s S e Sraniaiih
5 53.30 0.00
: 15 60.52 0.00
143879 | 35 58.22 0.00
60 75.51 0.00
90 ' 43,58 0.00
. average (K) = 58.23




™

AV = the number of milligrams of potassium hydroxide
required to neutralize the fatty acids in each

gram of sample

(100-%FFA) = the unhydrolyzed portion of the fat
K "= the hydrolysis constant :
t = reaction time(storage day)

Integration equation(6.1) and consersion to common logarithms yields
" the equation :

log(%FFA/(100-%FFA)) = 100Kt + 1og(%FFA°/1oo;%FFAO) (6.2)
2.303 '

where %FFAo is the original percentage of free fatty acid in the oil
A plot of log(%FFA/100-%FFA) against t should give a straight
1ine‘for an autocatalytic*process, from graph, ihtercept will be .
103(%FFA0/100-%FFA0) and its slope will be (199§_). The slope of
this curve which depends on value of K, willzﬁégéent the rate of
hydrolysis of o0il in rice bran., The higher of the K value means
more increasement of undesirable condition. The averaged percentages
of frée fatty'acid formed for each sample of treated and untreated
rice bran were substituted in equation(6.2)and plotted against
storage times(days) as shown in fig.6.2;3,6.2.4 and fig. seriesb.3,
6.4yand 6.5 . All figures show the straight lines. The numerical
values of the hydrolysis constant(K), evaluated from slope of those
curves and experi@ental data by using ieast square method curve

fitting are presented in table series 6.2, 6.3 and 6.4 .

6.3 DETERIORATION OF OIL FROM RICE BRAN IN CLOTH BAG CONTAINER

The FFA content of the oil obtained from gntfeated and
treated rice bran at 70°C,90°C,105°c,and 115°C, stores for different
period of time are given in table 6.2.1,6.2.2,6.2.3,6.2.4 and 6.2.5

. g

respectively. ; 2

autocatalytic process* = the précess that product of the process

increases the rate of reaction.
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»6.3.1 Effect of treatment time

- From fig. 6.3.2,6.3.3 and 6.3.4 the effect of variation of
treatment time at treatment temperature 90 Oy 105 C and 115 C has
no clear difference. This may be the result of two lipase enzymes

presented in rice bran; -

- reversible activity enzyme,

‘= irreversible activity enzyme,.

Irreversible activity enzyme, when treated with the above
conditions(90° c, 105 €135 C) had completely lost. its activity,
. But reversible activity ‘enzyme, its activity can reverse when

moisture content reached the favorable‘levels5’12’33)

From fig. 6.3.1 the effect of variation of treatment time at
a treatment temperature of 7OOG can also be observed, at treatment a
time of 5 minutes the K value was high compared to another treatment
times. This shows that the activity of irreversible activity enzyme
is partially lost .‘ When 'at ‘a longer period time of treatment, the
irreversible activity enzyme is destroyed or decreased, the hydrelysis
constant(K) is lowered as compared to that shorter period of

treatment time.

6.3.2 Effect of treatment temperature

The average value of K, evaluated at various treatment
temperatures as shown in table 6.4 decreases when the treatment
temperature increases(K at 70°C = 74.6x1o“5, K at 90°% = 64.4x1o'5,
K at 105%C = 65.4x107%, K at 115%C = 58.2%x10°0). These resuits
indicate that increasing the treatment temperature decreases the
FFA formed during storage or in conclusion we could store the rice

bran heated at high temperature longer than heated at lower temperature.

6.3.3 Effect of storage time

The results from fig. series 6.3 and table series 6.2 show
remarkable  increasé of FFA when storage time is increased.This showg
that the above treatment conditions were not favarable to stabilize

the rice bran.



6.3.4 Comparing the results with untreated rice bran

Fig. series 6.3 show the (%FFA/100-%FFA) with storage time
of treated and untreated rice bran. From the graph the slope of
the curve for treated rise bran is less than for the untreated rice
bran. This indicates that the FFA formed in treated rice bran during

storage time is less than in untreated rice bran.

6.3.5 The effect of treatment conditions on the guality and

quantlty of oil and rice bran

The color of 6il obtained using higher treatment temperature
is darker. Table series 6.2 showe that the treatment conditions do
no effect the quantity of oil(see the mention column %o0il fraction
compared with untreated rice bran). This results is in agreement
with manu authors wh% gtud?éAGﬁgZi us Bgocesses for stabilizing

rice bran.

6.4 DETERIORATION OF OIL FROM RICE BRAN IN POLYETHYLENE BAG CONTAINER

‘The FFA content of o0il from untreated and treated rice bran
at various temperature, are given in table series 6.3, the hydrolysis

donstant(K) were also calculated and presented in those tables.

From fig. 6.2.4, the hydrolysis constant of untreated rice
bran in polyethylene bag container show two distinct stages of
hydrolysis, during a first stage(3 weeks of storage) the formatlon
rate of FFA increase rapidly with time (K = 105x10 5), after 3
weeks of storage or during second stage a subsequent result shows
that the formation rate of FFA decreases. Lypolysis'of untreated :
rice bran is -due exclusively to enzyme already present in the active
state which may undergo a rapid hydrolysis, followed by a slower
stage as a result of inhibition of the enzyme formed by the reactlon
products.($ﬂigabeggv1our also occured in this work(treating
temperature 70°C, and treatment time 5 minutes) fig. 6.4.1. From
this figure it can be concluded that the treatment condition can
not completely inactivate the active enzyme. When the treatment time

is increased this behaviour dissapears.
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6.4,1 Effect of treatment time

From fig, series 6.4 and table series 6.3, the hydrolysis
constant(K) decreases when increasing the treatment time for various
treatment temperature, This result is the same as that found in the
case of Cldth bag contaiﬁers,but the hydrolysis reaction is stopped
when treatment temperature is equal to 10500 and treatment time is
equal or greatér fhan 35 minutes, the same result is obtained when
treatment temperature is equal or greater than 1150C althouéh treatment

time is equal to 5 minutes.

6.4.2 Effect of treatment temperature 5

Effect on treatment témperature at constant treatment time
of 5 minutes is shown in fig.6.5, from this figure the hydrolysis
constant clearly decreases with increasing treatment témperature,
and . the K value is zero when. treatment temperature . exceeds
105°¢ another treatment time the effect of treatment temperature

show the same result.This also shows the different result from two

system of using container cloth bag and polyethylene bag.

6.4.3 Effect of storage time

There are yet the deteriqration of 0il in treated rice bran
at some treatment conditions, in other word, the FI'A content is
still increased with storage times for the treated rice bran

treated at temperatures lower than 10500 this due to the same-

‘phenomena which are explained in section 6.3.1 .

Deterioration of the treatéd rice bran in cloth bag
cohtainers does not stop during storage. This méy be explained by
the moisture content of treated rice bran in cloth bag containers
which is about 3 times(9% moisture content) of treated rice Bran
kept in polyethylene bags. At this moisture content pests and
ants tended to multiply in cloth bag containers. This moisture
content in treated rice bran can reactivate the enzyme activity

during storage.
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formed in the oil of treated rice bran
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6.4.4 Comparing the result of treated with untreated rice bran

From fig. series 6.4, the slope of the curves showing unt
untreated rice bran are greater than that of treated rice bran at
various conditions, this indicates that the treated rice bran can
be stored for a longer period of time than untreated rice bran with
no increase of FFA for at least three months(expermental time) for
a given condition(temp.= 105 C, time 35 minutes or temp.= 115 C,

time = 5 minutes).

6.4.5 The effect of treatment conditions on the quality and

quantity of 6il and rice bran

The quality of oil in rice bran in two different types of
container is the same(the higher temperaturé'the darker in color).
The quantity of oil of treated rice bran(see %oil fraction) in
polyethylene bag containers does not change(compared with the
untreated rice bran), however for the treated rice bran at a
treatment temperature of 125°C, the quantity of oil is less than
the untreated rice bran. This may be due to the temperatﬁre causing

vaporization of oil in rice bran and also burnt the rice bran.
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