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ABSTRACT

The recovery of used trying oil by acidified rice husk ash (RHA) adsorbent was investigated.
The adsorbent was prepared by acidified rice husk in hydrochloric acid or nitric acid, and hefore or
after incineration at 5500C for 12h. RHA treated by hydrochloric acid before incinerating (BFHCI)
had significantly higher (p<0.05) in pore volume and pore diameter than that treated by hydrochloric
acid after incineration and also nitric treated and untreated RHA. BFHCI could reduce acid value,
peroxide value, para-anisidine and total polar compounds to approximately 69%, 58%, 35% and 39%
of the original values, respectively. Blending effect of BFHCI and silica gel in the ratio of 40:60
60:40 80:20 and 100:0 on quality improvement of frying oil was also studied. The ratio of BFHCI :
Silica gel 40:60 had the highest ability to reduce peroxide value and total polar compound of about
45% and 53%, respectively. All ratio had no different improvement of color (L*,a*,b*), acid value
and para-anisidinc of recovered oil (p > 0.05). The recovered used oil (25%) was mixed with new
palm oil (75%) to fry wonton sheet at 1600C and repeated for 3 days. The color and absorbed oil
content of fried product was not significant different between frying with blended and new palm oil
(p>0.05). However the fried wonton sheet on second and third day of used blended oil had significant
greater (p>0.05) on thiobarturic acid value (TBA) than the one fried with new oil after 4 weeks
storage.
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21 (Frying)
150 190
(baking)
(Wai 12007)

2.2

96-99

60-180
400

(Paul and mittal, 1977)

2.2.1 ( oxidation)

[ (hydroperoxide) (primary oxidation products)
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(secondary oxidation products)

l. (fission)
2 I (dehydration)
3
(autooxidation)
(prooxidant)
( , 2545)
(tree radical) (Shahidi
and Wanasundara, 1992)
(initiator) CC-methylenic hydrogen 1
(lipid free radicals)
( (1)
( (2)
( 2 () (hydroperoxide)
RH e R* + H- (1)
R-+0, ROO* 2)
ROO+RH -~ ROOH+R- (3
(Shahidi  and

Wanasundara, 1992)



(prooxidant)

2.1 9-Hydroperoxide linoleic acid
normal® alkoxyl (3-scission
(Srinivasan el al.12008)

9-Hydroperoxide linoleic acid L]

!
21 9-Hydroperoxide linoleic acid
: Srinivasan 12008
(prooxidant)
el al.,, 2012) Fe1Fe2, Cu'  Cu

Fe2 +ROOH e > 110+ + OH- £Fe"
Fe) +ROOH =woeoee- > RO, + FF + Fe2
Cu +ROOH - > RO- + OH- + Cu2+
Cu2 +ROOH === > RO, +H +Cu’

(lipid free radicals)

(Marisa



3
2.2.11 (Initiation)
(free radical)
(unpaired electron)
RH e > R- - H
2212 (propagation)
peroxy-radical (ROQ)
peroxy radical
(ROOH)
RE+02 e > ROO
RH+ROO -w-meemeeeme > ROOH + R
2213 (termination)
R-+R- > RR
ROO- + ROO*  --smsememmeen > ROOR +0,
RO +R- e > ROR
RO0- + R« =ememmmeeeee >  ROOR
2R0* + 2R00- > 2R00R +0,

2.2

(secondary product)



0.
IMlistlon

hi / ,\
A b’ Propagation R0Q'
ermination
Condensation
Monomers
AIcohé)Is o Short-chain-containing  Volatiles
epoxides oPoBlE: monomers
ketones ) Core aldehydes  Aldehydes
others hydrocarbons
alcohols
ketones
2.2 (oxidation)
 Velasco (2009)
2.2.2 (hydrolysis)
(free fatty acid)
(monoglyceride) (diglyceride) (glycerol)
2.3
0 0
Hic-044R HZC-OH HO-CR
I Heat !
HeoCke s30T oo b HOCR2
1 °
h’ -0-C-Rj hi-oh HO-C-R,

2.3 (hydrolysis)
; (2545)



(acrolein)
( , 2545) 1

2.2.3 (polymerization)
200-300

(cyclic fatty acid) 2

(dimers)
(foaming) (qumming)
( , 2535) 2.4

Triglycerides

V
Thermal Alteration

V
Heat

v
Cyclic Monomers, Dimer, Polymers

24 (polymerization)
:Paul  Mittal (1997)

2.3 !
2.5 2 (volatile

decomposition  products) (nonvolatile decomposition
products)



2.3.1 (volatile decomposed products)
!
(hydrocarbon) (ketone) 1 '(aldehyde) * (carboxylic)
1
2.3.2 (nonvolatile decomposed products)
(cyclic
monomer) 1 (noncyclic monomer) (dimer) (trimer)
Fats
Oxygen
Heat
Water
v

DecompositionI Products

Itl
Volatile Decomposition!! Products ~ Nonvolatile Decomposition!! Products

-hydrocarbons -polar and non polar
-aldehydes -cyclic monomers
-ketones -noncyclic monomers
-furan -dimer
-carboxylic acids -trimers
-higher MW compounds
25

- White (1991)



24.1 (polar compound)
11
25-30
24.2 (acidity)
24.3 (smoke point)
(acrolein)
244 (viscosity)

245 (color)

10

all
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246 , (peroxide valug)

| }
(rancidity)
!
5% (. .2524) :
10 '
1
247 (p-anisidine)
24
dienals  2-alkcnals ,
248 " (polymer)
11
25
(PV) (AV) (FFA) 21
. 288-2535 ( 2.2)
Supatra

(2006 )



25

6 2547

. 2522

PV
PV
AV
AV
AV
AV
FFA
FFA
FFA

<1.0 meq peroxide/kg oil
<10.0 meq peroxide/kg oil
<2.5mg KOH/lg oil

<2.0 mg KOH/lg oil
<2.5mg KOH/lg oil
<4.5mg KOH/lg oil
<0.05%

<0.2%

<0.4%

2-3

Fresh oil
Used ol
Used oil
Used ol
Used oil
Used oil
Used oil
Fresh ol
Fresh ol

(

25
50,000

Austria
Germany
Japan
Netherland

USA
Austria

25-27)

L

Perkins Erickson, 199
Perkins Erickson, 1996
Rossell, 2001
Rossell, 200 1
Rossell, 2001
Rossell, 2001
Perkins  Erickson, 1996
Rossell, 2001
Rossell, 2001
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11

2.6

2.2

10

(

. 288-2535

26.1

adsorbate

(relative density)

(refractive index)

)
( )
( )

(lodine value, Wijs)
(saponification value)
1
(unsaponifiable matter)

(acid value)
1

(peroxide value)
1

(adsorption process)

(ligid —solid Interface)

0.891-0.899
1.455-1.456
10
0.2
0.05
55-60
190-209

10

0.6

10

0.005

adsorbent



(driving force) 2
26.1.1

U

(Vander Waals forces) 2

(London dispersion force)

(multilayer)

2.6.12

50-400

(monolayer)

2.6.2
(siliga gel)
silica) Si0,.xH,0
dioxide)
micells
2-10

Trace oxide 99.71, 0.10, 0.09, 0.03

26.2.1 (silanol groups) =Si(oH)-

(active)
(polar functional group)

(electrostatic force)
20

(irreversible)

(synthetic amorphous
(hydrous silicon

300 - 1000 10,

$i0,, AL,0j, Ti0?, Fe,0.

0.07 (Weinheim, 1999)
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2622 (siloxane group) -Si-0-Si—
2.6.2.3 (hydrogen group)
(H-H)

(Dissociative process) (H-H)

2.6.3 (Rice Husk)

(rice husk ash)
(Si0J
70-90 (porosity)
Farag (2009)

Magnesol XL, diatomaccous earth
Atomic absorption spectrometer 2.3
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2.3 Magnesol XL, diatomaceous earth
(ppm) Magnesol XL Diatomaceous earth
S 3305+ 270 32530 + 187 30460 2.40
Mg 265.7 £ 181 109.03 +2.11 17350 £ 155
Ca 1405 £ 1.02 20102 £ 231 13330 134
Fe 10.03 £0.62 2507 102 20.03 + 103
Al 6.3 +0.51 1050 £0.72 8.99 £0.68
Mn 556.30 £ 3.40 450.50 £ 291 52130 +4. L1
Cu 10.3040.76 7130+ 203 7550 + 113
Farag (2009)
2.1
Lin (1999) 4
Britesorb (Br), Hubersorh (HB) 1Frypowder (Fr) ~ Magnesol (Ma)
3%HB+3%Mat%2%Fr  2%HB+3%Ma+%Br
6-9 36
82.6-87.6 26.8-32.6
32
R

59.7-61.9  35-94
Farook  Ravcndran (2000)
1 14 24
pH 110 2
Caprylic (C8), Capnc (CIO), Laurie (C12),

Myristic (C14), Palmitic (C16), Stearic (CIS) Langmuir isotherm

1 14 free

energy adsorption AG °ak -7.06 keal mol 1 -6.75 keal mol 1


http:140.5.%e0%b8%91.1.02
http:1003.%e0%b8%91.0.62

I

gm(the amount of adsorbate
adsorbed to form a mono layer coverage on the ash particle)

qm
Della (2002) HCL, HNO,, H, (1 NaOH
500 1400
2.4
SI0,
24 700 6
() ()

SI0, 121 94.95
auo3 0.30 0.39
Fe,0, 0.15 0.26
Ca0 0.43 0.54
Na-,0 0.50 0.25
K.,0 0.72 0.94
IVInO 0.15 0.16
TiO, 0.05 0.02
MgO 0.70 0.90
p;05 0.06 0.74

24.3 0.85

 Della (2002)
Chandrasekhar (2005)
01N K.,0,Fed3  Zn

Na Ca Mn Cu Cd

| (K+)
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Kim (2008)
180
300w (RHA300) 1 500°c (RHA500), 700°c (RHAT700) 900°c
(RHA900) 10 500
RHA300 88 mvg
I (RHS500)
345 m7g RHS500 > R1-IA500 > RHA300
> RHA700 > RI-1A900
(dcgummed soybean Oil) RHA500 RHS500
RHS500
RHA500
Taspinar Ozgul-Yucel (2008)
600 4
MgSi03
» Magnesol XL Activated carbon
680 rrflg
644 mg 1
Activated carbon 43 m7g
368 mg 1
(2548) . !
100
! 40 60
(< 0.063 )
(00632 0205 )1

0.063-0.2



tn
0.46
12.28
0.063-0.2

3.89 meg/kg
83.6 cP
(2548)

6.87
0.46-0.67
2.99 meg/kg oil

(2553)
550
80+2 10542

100:0 75:25 50:50

(2554)

2575

6.04 meq/kg
95.40 cP
30

|
.88 meg/kg

9.93-12.91 meg/kg oil
52.4-61.9 cP

12

30 20

19

31,71 meqlkg
60
10
0.19
5.25

700


http:ril(tJufeJeJf1%2219i'fl6.04
http:0.46-0.67
http:9.93-12.91

3 1
0.4 20 50
3 700 450
450 '
700
450 °c 210
annahan Nordm (2012)
600 urn 200 120
NaOH 15
200 90
15 60
’ 26.67
Gholizadch (2013) (0.01-6
N) 700 (0.25-16 )

(Si0))

Wonglamom Rakariyatham (2014)

(activated charcoal) (bentonite)
21111
12 2
150 30
15 (Whatman’s no. 1)
L* a* b* 62.53, 63.17,

46.57, 1564, 2591, 1843, 112 64


http:62.53,63.17

31

3.2

311
312
313
314
315
316
317
318
319
3,10
3111
3112
3113
31.14
3115
3.1.16
3117
3117
3118
3.1.19

321

322
323
324
325

(pin mill)
(water bath)

(Hotplate)

2
4

(Hot air oven)

)

Shimadzu (uv-1601), japan

Ebro TM electronic (FOM 310), Germany
Brookfield (DV-I11), USA

Hunter Lab (Color Quest XL), USA
Nebertherm, Germany

Retsh (DR 1000), Germany
Memmert, Germany

Clifton (Cerastir), England

Ohuaus (ARC 120), USA

Denver (SI-324), Germany
Whatman, England

Princess, China

Binder (ED 115), Germany

Suntex (SP-7), Germany

Champ AMCI, Thailand

(Vortex Mixer) Wiggen Hauser

(Tray dry)

0.063-0.2

(SOX 406; Soxhlet,China)


http:1'r1~D.:Ji-.J4

22

3.3
331 MERCK, Germany
332 ! CARLO ERBA, France
333 MERCK, Germany
334 LAB-SCAN, Thailand
335 MERCK, Germany
3.3.6 MERCK, Germany
337 ' CARLO ERBA, France
338 MERCK, Germany
339 SIGMA, Germany
3.3.10 MERCK, Germany
33.11 MERCK, Germany
3312 MERCK, Germany
3313 MERCK, Germany
34
35
3.5.1
80 5
(hammer mill) (pill
mill) <250
2
1 5(wh)
10 24 (Farook and
Ravendran, 2000) 3 3 (
, 2554 ) pH 7

80 5-6
550



(CRD)
Test 3

35.2

hot plate stirrer

Whatman 1

3521

3522

23

80 5

Brunauer-Emmctt-Teller (BET)
Duncans’ New Multiple Range

P <0.05

351
Whatman 1
100

20 80

30

Brookfield viscometer (DV-I11)
Blunter Lab Colorimeter (Minolta)

(AOCS Ca 5a-40)
(AQCS Cd 8-5)
EbroIVelectrome (FOM 310)
150+1
(AOCS Cd 18-90)
(RCBD)

Duncans’ New Multiple Range Test 3
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p <0.05
35.3
35.2
} 40:60
60:40 80:20 100:0 20 100
80°C hot plate stirrer 30
Whatman 1
35.2
(RCBD)
Duncans’ New Multiple Range Test 3
P <0.05
354
353
75:25
2 100 16012
I 2011
1)
3

354.1
100

35.2

3542

Soxhlct extraction

Hunter Lab Colorimeter (Minolta)



0.05

(Factorial)

p <0.05

) (ANOVA)
2 X3 X4
Duncans’ New Multiple Range Test

25

2 X3
Duncans’ New Multiple Range Test

(polypropylene)
(Thiobabituric acid, TBA)

(Factorial)



41
1 10 24 (Farook and Ravendran. 2000)
3 3 ( .2554)
5
)
L RHA 550 12
2. BF HCI 3 3 pH
550 12
3. BFFINO, - 10 24 pH
550 12
4. A HCl = 550 12
3 3 pH
5 AFHNO, = 550 iV, 10
24 pH

Brunauer-Emmett-Teller

(BET) 41


mailto:LJ~Q12l!!%3e~l01.@1l0~LJ!blm12LJI1
Lib
Textbox
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41
( I) ( I) ( )
RHA 173.15'9.121 0.27620.008a 63.71 11610
BF HCI 135.60+12.44b 0.29540.002'1 87.3 1+8.58”
BF UNO, 135.10£1.97b 0.257+0.023b 75.9915.72'0
AF 110) 174,551 1.06" 0.272+0.0191 62.21+4.0S¢
AFHNO, 157.60i0.641 0.253+0.002b 64.21£0.67x
* (abc)
(r <0.05)
Brunauer-Emmett-Teller (BET)
(surface area) (AENCI AFHNO,)
(RIIA)
(p <0.05) 4.1
Chandrasekhar (2005) 700
(pore volume)
(pore diameter)
0.295 / 87.31
( 4.1) : 6.88 31
(2011)
450
(Macroporc) Farook  Ravendran
(2000) (Specific pore volume)


http:157.60%e0%b8%910.G4

42

20

AFNNOY

42

100

76.16
(BFHCI)

68.28

RHA
BFHCL
BF1IMO.
AFHCL
AFHNO,

@hc

30

18.12

(RHA)

80

( 4.2)

(1 < 0.05)

(BFIICY)

68.28+3.20b
63.23+2.57'
67.16+2.!

76.16+3.031
78.12+4.26"

(p< 0.05)

63.23

28

(AFHCL
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42.1
42.11
0.51

4.1)0" Brien (2009)
)

(BFHNO.)
032 02( 41

(. 288-253)
69.02

(AFHCI)

450

(Pore diameter)

78.36 ( )

(AFHNO,)
32,90 , 33.98
(2554)
166,11
! 6.10
210
700

85
Farook

(BFHCY)

29

102 (
199
(. 288-2535)
06
(BFHCI)
42.20 (
0.25
266.30

Ravendran (2000)

(Pore volume)


http:iIlfl.fl

30

1
1.20 1
100
© 080
| 0.60
* o
102 0.59 0.32 0.22 0.69 0.67
0.00
Used 0il  RHA BF-HCL  BF-HN03 AF-HCL  AF-FINO3
41
4212
21.93 meg/kg
10 meg/kg (. 288-2535)
(BFLIC)
(BFHNO.) 9-10 meg/kg 931
meg/kg ( 4.2) 58.53 57.55
( )
1 1 Wannahad Nordm,
(2012)
3 30 meq/kg

1.5 10 ,



150

26.67 mn

25.00 ]
20.00

15.00

&
, @ 10.00
0

5.00

21.93
0.00

Used oil
42

4213

43)

25

5.53

kil

110 60
22 meq/kg
be be
C I
10.98 9.10 9.31 10.98 1214
RHA BF-HCL  BF-HN03 ~ AF-HCL  AF-HNO3
12
28312547
(Flitsch , 1981)
(AFHNO))
53.89 (
(RHA) 9.33 ( 43)
(p>0.05)



1400
11200
»| 1000
=7 800
| 600
| 400
1200

0.00

12,00

Used o
4.3

4204

26.18 (44

(RHA)

9.33 1.33 6.50 6.00 5.53

RHA BF-HCL BF-HN03 AF-HCL AF-HNO3

31-35 ( )

19.5(
9> 0.05)

32


http:m),Lln'U~d'Utl.ni

26.18 21.07

Used oil RHA

44

422

4221

5878 P ( 45)

4.5) 4,97

3

16.9 16.9 17.64 17.84

BI-HCL  BF-HNO03 AF-HCL AF-HNO3

55.86 CP (
{p <0.05)
53.38-55.86 CP
7.32:9.19


http:53.38-55.86

6200
60.00
56,00

(56,00

£ 5400
52,00

50.00

58.78 55.86

48.00

Used oil RHA

45

4222 L* a* b*

L*  b*
2) L b*
4.8)
(*>0.05) a*
65.88-67.23
(p <0.05)

34

54.48 5371 53.42 53.38

BF-HCL BF-HN03 AF-HCL AF-FINO3

L*
L* 687S(  46)
35903840  48.16-53.95 (
93479519 3084-34.72 (46
a*
(483

(BFHCY)


http:93.47-95.19
http:30.84-34.72

3

100.00 ? a
80.00

60.00
L*

40.00

20.00

o0 68.78 94.47 95.19 93.99 94.18 93.47

Used oil RHA BF-HCL BF-HA03 AF-HCI.  AF-HNO3

4.6 L*



20.00

15.00

10.00

5.00

0.00

-5.00

- 10.00

4.7

100

80

60

40

20

48

14 83
Used oil RHA BF-I-ICI.  BF-HNO3  AF-HCI  AF-HNO3
| | X . |
-4.66 5.06 486 -4.74 -4.46
b b b b b
a*
b b
66.97 31.82 30.84 34.72 32.62 32.6
Used oll RHA BF-HCL BF-HN03 AF-HCL AF-HMO03
b*

36



3

120.00
100.00 a
80.00

| 60.00

40,00 b b b b

20.00

o0 68.61 32.18 31.28 35.07 33.00 32.90

Used oll RHA BFHC1  BFHNO3  AFHC1I  AFHNO3
49 Chroma 1

106.00
10400
102,00

0 10000

| 98.00
A 9600
94,00
92.00
90.00

103.04 98.63 99.68 98.10 98.47 98.03

Used oil RFIA BFHCI ~ BFHNO03  AFFIC1  AFHNO3

4.10 Hue angle 1



43 * *
(2548)
21.3. 36.65 54.75
(Lin el a!., 1999)
2
4.2
550 (BFHCY)
60
1000 20 100
431
43.1.1
0.58
2535)
0.6 0’ Brien , (2009)
1
( 4)
{p>005)
55

0.52-0.60 ( )

0.063-0.2
40:60 60:40 80:20

199

3

(.28

. 288-2535

116

49-


http:052-0.60

140

1R
0.80 b
7 0-60
g 040
A0.20
0.00

1.16 0.60

Usedoil 40:60

411

4312

40 60
16.88 meg/kg ( 4.12)

)
60

35.00

3000
gzs.oo
"5 2000 c
® 150 |
P om

500

0.00

30.77 16.88

Usedoil 40:60

4.12

b
: b
0.57 053 0.52
60:40 80:20 100:0
BFHCL : Silica gel
30.77 meq/kg
(RHA40:Silica60)
45.16(
(» <0.05)
]
I I |
25.35 25.30 25.33
60:40 = 80:20 100:0
BFHCI : Silica gel

3



40

4313

1311 ( 4.14)
40 60
6.11 ( 4.14)
53.26 ( )
(p < 0,05
16.00
14.00
12.00
10.00

6 00 I
4.00
2.00
0.00

131 6.1l 6.94 7.06 8.11

usedoil 40:60 60:40 80:20 100:0
BFHCY.: Silica gel

414

43.14

(p>0.05)
42.59 meqg/kg ( 4.15)
32-35 meg/kg ( 4.15)
17-24 ( )



60.00
0 50,00 d
Y 4000 b b b
30.00
20,00
1000
0.00

42.59 33.14 35.02 3463

usedoil 40:60 60:40  80:20
BFHCL : Silica gel

4.15

432 1 1

2
635 | cP(  416)
581 )
7000
68.00 2
66.00 b
64,00
5
& 6200
60.00

66.73 66.43 64.06 63.51
58.00

Usedoil 40:60 60:40 80:20
BFHCL : Silica gel

413

3221

100:0

80
66.73 cP

64.22

100:0

41



(

100.00
80.00
60.00

L*
40.00
20.00

0.00

4.17

20.00
15.00
10.00

a* 5.0
0.00
-5.00

-10.00
4.18

' L* a* b* 718.10 1265

417,418 419

P > 0.05)
L* a* b* 9726 9763 ,-525  -540
a a a
78.10 97.63 97.47 9751
uscdoil 40:60 60:40 80:20
BFHCL : Silica gel
L* 1 1
12765
uscdoil 40:60 60:40 80:20
i I I
-5.32 b -5.40b -525 b
BFHCI : Silica gel
a*

2101,

97.26

100:0

100:0
-5.41h

42

8581

28.62



100.00

80.00

60.00
b*
40.00

20.00

0.00

4.19

100.00
80.00
@ 60.00
40.00
20.00

0.00

4.20

85681

usedoil

b*

18.14

usedoil

Chroma

21.01

40:60

97.66

40:60

28.12

60:40

BFHCL : Silica gel

91.5

0

0:40

60:4
BFHCL : S

Ilica gel

21.26

80:20

97.53

80:20

43

28.62

100:0

91.27

100:0


http:fIl'VfV14.20

200.00
150.00
k b
I 100.00 |
X
50.00
94.19
0.00
usedoil

4.2 Hue angle

44
75:25 !
100
!
(Blended oil)
44.1
4.4.1,
0.08

44

153.00 151.90 152.76 151.39

40:60 BFHCI:68fﬁ(c)ageI 80:20 100:0
40 60
1 1 !
160 2011 I
1
. (New oil)
0.11 016 022
4.22
3
0.26  0.30 2

3 032 034 ) Chung



(2004) flour dough

288-2535
0.40

4412

6.53 meg/kg

100 3
{p<0.05)

(propagation)

peroxy radical
(ROOH)

10 (meg/kg)

10 meq/kg

0.6

387 meglkg (

258-2535

288-2535

45

123)


http:l'lJtl%7btltlf)'19i'fl6.53

1.02 meg/kg

4413
25
5.50

1 424)
1217 4.24)
283
%

5.78 meg/kg

46



4.24

4414

1328 meglkg (
11.66 meglkg ( 4.25)

4.25

(
4.25)

(meg/kq)

4.25)

47



48

4.4.2 ' : 1
100 3
25
(McGrill, 1980) 4.26
3 3
(p<
0.05)
100
80
0
0 2 Tull 3
(Melton et al., 1994)
L*a*u b* 93.77 1-582 4478 25
|* * p* 9399 1-563 4143 ( 4271 428 429
3 100%
L* ! (><0.05) 3
arll b

(428 429



A

421 L

428

K

Il <afi|

49



80.00

60.00

40.00

Chroma

20.00

0.00

100.00

98.00
96.00
f 9400
92.00
90.00

88.00

4.29

4.30

431

45.16

41.84

b*

0
4 —

Chroma

48.23

49.95

Il
3
60.60
48.40
51.55 52.89
2 3
—4 —
3
a 2

50



51

4431

3 3
29.07 2
379 HeH ( 43)"
© < 0.05)
3
30-33 Moreira (1998)
4.3 '
3
()
1 33.03£0.37A 29.0740.1]rb
2 30.120.75B 33.79£0.60ra
3 31.2610.490 35.85:1.69A
* (ABC)
(» <0.05)
2. @b

(» <0.05)



52

4432

3
2 L* 1
L*57.50  57.38 2
* 54.24 53.40 ( 45)  Choe  Min (2007)
422423 424
3
3
4.4 L*a*b* ,chroma  Hue
1 3
1 2 3 1 2 3

L*  57.40%0.62A 54.24-3.18"

57.07-i1,474 57.38*1.06A

53.40%0.9 T 55.43*1.05u

a* 401- 140\ 5.15+1.85U  134+219A  6.51:1.04A  4.85*%1.14N  4.89+2.09Al
b* 30.35¢2.19% 28.44+0.94MR 25.75-1-053B 34.45:4.08K 281 1:0.508 29.61*2.45 '
Chroma 30.63t2.22A 2893112 ' 25.8740.400 35.07*4.16A 28.5710.55B 30.03+2.73/%
Hue  97.50*2.56A 100.17+3.23AL 93.03t4.99u  100.67*0.72A 99.77*2.224 99.74 3
1 (ABC)
(p< 0.05)
2 (ah)

(P < 0.05)


http:5.15%e0%b8%911.85
http:1.34%e0%b8%912.19
http:4.89%e0%b8%912.09
http:28A4%e0%b8%910.94

4424

TBA

75:25

TBA

5

4

TBA lipid oxidation

malonaldehyde (MDA)

1 (volatile decomposition product)

75:25 4
TBAtmg malonadehydc/kg sample) 4.25
{p<0.05)
TBA
3 TBA
(p < 0.05)
0 60
1

(p> 0.05)

TBA

TBA

< 0.05)
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efeq zfheq 1fheq cheq zheq 71 feg
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51

Emmett-Teller (BET)
(AFHCL ~ AFHNO.)
(BF HCI

(BFIICI)

L*a*h*
(p> 005)

40:60

Brunaucr-
(RHA)
BF HNQ)) (p 0.05)
(BF FICI)
10M
(BFHC1)
0.063-0.2 40:60
45.16 53.26
(b < 0.05)
(BFHC1)
25 75
3

(p <0.05)



52

TBA

TBA

{p <0.05).

TBA

TBA

56
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2548,
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. 2554,
| 2548,
. 2535,
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62

(Free fatty Value) (AOAC, 1997)

11

111

112 95%

.3 1% 95%
A )
12

121 1 Erlenmeycr flask 250
1 :

Acid Value rauge% Sample (9) Alcohol (mL) Strength of alkali
0.0-0.2 56.4 50 N
02-1.0 282 50 01N
1.0-30.0 7.05 B 025N
30.0-50.0 7.05 100 0.250r 10N

50.0-100.0 3.525 100 10N
122 95%
(Neutralized)
V 2 0.1

65

123 2

124 30
1

125

126



mL of alkali x N X25.6

, o
Free tally acid as palmitic, % mass of sample, g



2 (Peroxide Value ; PV) (AOCS Cd 8-53, 1997)
21

212 ; 3:2
213

2.14 0.1
215 ' 0.01
2.1.6 ! 1%

2.2
221 I 5+40.05 Erlenmeyer ask 1 250
2.2.2 ; I 3:2 30
2.2.3 ! 05
224 1)) ! 30
2.2.5 0.01
1% 2

2.2.6
22.7  blank !
228

Peroxide Value (ini Liequivalents peroxide/1000 g sample) = I\(/I?;\S?)o? s?n);pllg OOg

- ( )
B-= blank ( )
N= ( )



31

32

311
312
313
314
315

321
322
323
324
325

32.6
321
328
32.9

p-Anisidine Value =

As
Ab

hlank

05+

hlank

65

(p-Anisidine Value ;p-AV) (AOCS Cdl 18-90, 1997)

(Spectrophotometer)
!
4.0
) ;
)
350
25
5
1
350

25 X(1.2As-Ab)

mass of sample, g

25

25

10



41

42

411
4.12

421
422
423
424

OlVflold

!

01

Ebro TM electronic (FOIVI 310)

(Ebro I'M electronic, FOM 310)

150

Min/Max

66



51

52

complete

67

Brookfield Viscometer (Brookfield DV-111)

5.1] Brookfield viscometer ~ DV-111
5.12  small sample adapter

513 18

521 in ‘ (power switch)
522 motor 0o/off M auto zero is
next

523 chamber small sample adapter

5t |

524 18

525  select spindle select spindle

5.2.6 (torque) 100


http:lri-H')--r~ll.JD

68

6. Hunter Lab (Color Quest XE)
spectrophotometry

(Spectrometer)

CIC (Commission International de I’Eclairage)

6.1
6.1.1
CIE L* a* b* (Calibration)
Mode TTRAN (Total transmission)
[[luminant/Ohserver D65/10
6.1.2 Calibration Calibration
6.1,2. 1  black card transmission port  OK standardize
blank card
6.12.2  cell blank black card
6.1.23  white calibrated tile reflectance port (| 1
)
6.1.24 ) cell blank L* 100
100 & b* 0 0
6.1.2.5 cell blank
¢ [EL*a*b* 3 I
L* 0 ) wo( )
a* () ()
b () ()
C* (Chroma) c*=(a kbV'

H* (Hue angle) H* = arcian(b*/a*)



69

1. (TBA) ( Jayssingh and
Cornl'orth 2003)
"I TBA !
IH  (volatile decomposition product)

532
(thiobabiluric)  oxidized lipids ' 1
! (malonaldehydc, MDA) 1 2-TltiobabUuric
acid (TBA) 2 :
(Milligrams of malonaclchyde ecjuivalcnlsikg of sample)
A
111
1.12
.13
1.14
1.15
1.16
12
121 0 I
(Trichloroacetic TCA) B
, ! (Thiobabituric acid TBA) 0.375
02N
122 100 10
5,500 10
123 !
5,500 [0
1.24 532
1.25 TBA

TBA number (mg MDA/kg sample) = sample A 53, X2.77



(% Recovery)

(%llecovery) = QVS{/%VA X 100 QVS{/%VB' x 100

Qualily value before absorbent process (QVB) = b [
Quality value after absorbent process (QVA) =

1
: 10 meg/kg 4.5 meq/kg
10-4.5
0 X 100
55
2
L* 68 x 1 %
L*
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