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Kittipon Kasipar 2009: Statistical Application to obtain the Optimum Condition of Biodiesel
production from Sunflower Oil and Immobilized Lipase. Doctor of Engineering (Chemical
Engineering), Major Field: Chemical Engineering, Department of Chemical Engineering. Thesis

Advisor: Associate Professor Penjit Srinopakun, Ph.D. 140 pages.

This research was divided into three parts. The first part applied the Two-way ANOVA method
to optimize the immobilization condition of Pseudomonas fluorescne's Lipase on chitosan bead by an
entrapment technique. The maximum immobilized Lipase activity of 396 unit/g was obtained from the
following conditions; 1:150 weight fraction of the chitosan solution and Lipase, 1.5% w/v of the chitosan

powder and acetic acid solution (1.5% v/v).

The second part was carried out to determine the optimum condition for the biodiesel production
using the prepared immobilized Lipase. The experimental factors namely the reaction temperature, the methanol
to oil molar ratio, the percentage of water, the percentage of immobilized Lipase and the percentage of co-
solvent were screened using Plankett Burman experimental design. The statistical results showed that the
reaction temperature, the methanol to oil molar ratio and the percentage of immobilized Lipase were the
important experimental factors on the immobilized Lipase biodiesel production. Then the Box Behnken
response surface method was used to obtain the optimum condition of the biodiesel production which was 30°C,
6:1 of methanol to oil molar ratio and 50% wt of the immobilized Lipase. The fatty acid methyl ester suggested
by the statistical method at the optimum biodiesel production condition was 30.7%. As expected, the result from
the statistical model agreed well with the experimental result. The mean mass percent of methyl ester from this

condition was ranging from 14.81 to 31.40 at 98.5% confidential level.

The third part was applying an initial rate method to attain the kinetic model of transesterification
reaction between the sunflower oil and methanol at the optimum immobilization and biodiesel production
conditions. From the experiment, it is shown that the reaction rate followed the Ping Pong Bi Bi mechanism
with competitive inhibition by methanol. Then the kinetic parameters were determined by the EXCEL computer
program and the graphical method. Interestingly, the values estimated from the EXCEL program were more
realistic than the graphical method. The K values acquired from the EXCEL program for sunflower oil and
methanol were 12.81 mmol and 68.36 mmol, respectively. Nevertheless, the competitive inhibition by methanol

was evident with the high inhibition constant of X, value at 13.84 mmol.

Student’ s signature Thesis Advisor’s signature
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M319n 1 Tassasamaaiveansa lusiumiall

Fatty acid Structure name Structure Formula
Lauric Decanoic 12:0 C,H,,0,
Myristic Tetradecanoic 14:0 C,,H,O0,
Palmitic Hexadecanoic 16:0 CH,,0,
Stearic Octadecanoic 18:0 CH,O,
Arachidic Elcosanic 20:0 C,,H,0,
Behenic Docosanoic 22:0 C,H,0,
Lignoceric Tetracosanoic 24:0 C,H,O,
Oleic Cis-9- Octadecanoic 18:1 CH,,0,
Linoleic Cis-9,cis-12- Octadienoic 18:2 CH,,0,
Linolenic Cis-9,cis-12,cis-15- Octatrienoic 18:3 CH,,0,
Erueic Cis-13-Docosenoic 22:1 C,,H,,0,
‘ﬁ%ﬂ: Srivastava and Prasad (2000)
Vnﬁ%i‘ﬁ 2 6@5ﬂ5$ﬂ@ﬂﬂ1ﬂlﬂ§%@ﬂ1{1ﬁuﬁ%
Vegetable oil Fatty acid composition, wt%
16:0 | 18:0 | 20:0 | 22:0 | 24:0 | 18:1 | 22:1 | 18:2 | 18:3
Corn 12 2 - 0 0 25 0 6 -
Cottonseed 28 1 0 0 0 13 0 58 0
Linseed 5 2 0 0 0 20 0 18 | 55
Peanut 11 2 1 2 1 48 0 32 1
Rapeseed 3 1 0 0 0 64 0 22 8
High oleic sunflower 5 2 Tr 0 0 79 0 13 0
Sunflower 6 3 0 0 0 17 0 74 0
Soya been 12 3 0 0 0 23 0 55 6

f13: Srivastava and

Prasad (2000)
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Soybean' | 4.5 (37.8 %) 45 335 1 178 0.885 -
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#31: “Srivastava and Prasad (2000)

*Varese and Varese (1996)

“Yamane et al., (2001)
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1. Jagay
1.1 hiEanenmuaz i uSEmnnIiia
1.2 e lyd lanlan1am s ianan Pseudomonas fluorescens
Food grade Fluka, Switzerland

1.3 laTawusiiauny, food grade

2. msallumsasaouladlanle
2.1 NIAOLFAN: Analytical grade, Ajax Fine chem., Australia , purity > 99.9%
2.2 ﬂgmé’aﬁllaﬁﬁu%’u 50 1o siaue: Analytical grade, Merck, Germany
2.3 lodoylaswadneaina: Analytical grade, Merck, Germany
2.4 TnumendoulalaTasinues Insweamwa (KH,PO,) : Analytical grade,
Ajax Fine chem., Australia
2.5 laTnumanowlala Tasiwues InsWemd (K,HPO,) : Analytical grade,

Ajax Fine chem., Australia

3. gunsailumsaTueulxilanla
3.1 N3LANNTOY Whatman 1105 41

3.2 195093AA1ANUTIUATA-A1 (pH meter): model 420A, Orion,

4. msndinlFlumsndauazInsziufiaednes
4.1 [INTUDA: Analytical grade, Merck, Germany, purity > 99.9%
4.2 1dni¥U: Analytical grade, J.T. Baker, USA, purity > 99.9%
4.3 N-methyl-N-trimethylsilytrifluoroacetamide (MSTFA): Analytical grade,
Fluka, Switzerland, purity > 99.9%

4.4 wosuoa-lglimu: Analytical grade, Labscan, Ireland, purity > 99.0%



4.5 lasunilsu: Analytical grade, Merck, Germany, purity > 99.9%

4.6 Twsau: Analytical grade, Analar, England, purity > 99.5%
P 9 a a 4 a 4
5. Q‘ﬂﬂiﬂ‘l‘ﬂﬁl“lfaluﬂTﬁWﬁmlﬁ%’Jlﬂﬂg‘ﬁmﬂalﬂﬁm@i

5.1 méﬂﬂuﬁ'ﬂiﬂiuﬂﬁﬂﬁﬂ: model Shimudzu 1200, Japan
5.2 ApANI DB-SHT, J&W, USA
5.3 m%iammu,uuﬂ%’uqmwgﬁ"lﬁ' (Incubator shaker): model SK2-DO, CTL
5.4 méaqi‘jumém (Centrifuge): model PLC-012, GEMMY, Taiwan
5.5 méamﬁ 1 (Vertex mixure): model KMC-1300V, Vision, Korea
5.6 479 vial YA 1 1Az 10 Uadans
v a3

5.7 Syringe VU9 10 Haddas WAVNUUIA 23G

5.8 a'nmmuqmwaﬁ : model SBD 50-Cold, Heto, Denmark
A o v A Ia 4
6. ﬁ1ilﬂ3JﬁWWi’U'JLﬂﬁWg‘ﬁﬂﬁ]ﬂﬁiuﬂl@ﬂl@ullcﬁll

6.1 4-paranitrophenyl palmitate: Analytical grade, Merck, Germany,
purity > 99.9%

6.2 2-Insniuoa: Analytical grade, J.T. Baker, USA, purity > 99.8%

6.3 Triton X-100: General purpose grade

6.4 Gum Arabic: Analytical grade, Fluka, France

6.5 Tmaenlalalasnuneoawla: Analytical grade, Merck, Germany
d o v A Ia J
7. Q']Jﬂimﬁ”lﬁiﬂﬁlmi"lxﬁﬂ%ﬂiimﬂ]@ﬂlﬂullcﬁll

7.1 1nsesanlns I Iaiimes (Spectrophotometer) : model Anthelie
Advanced, Secoman, France
7.2 1050399 Tl mertiendduimiia: model BL210S, Sartorius, Goettingen,

Germany
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Term Symbol Coefficient SE T P
coefficient
Constant 64.5719 21.6516 2.982 0.031
Temperature T -2.5342 0.9659 -2.624 0.047
Methanol to oil molar ratio MO 1.9933 2.7531 0.724 0.502
%wt of immobilized IM -1.0073 0.3007 -0.024 0.982
enzyme
Temperature*Temperature ad 0.0279 0.0116 2.404 0.061
Methanol to oil *Methanol MO’ 0.2593 0.2295 1.130 0.310
to oil
%wt of immobilized M -0.0011 0.0029 -0.393  0.710
enzyme * %wt of
immobilized enzyme
Temperature* Methanol to T*MO -0.0983 0.0496 -1.982 0.104
oil molar ratio
Temperature * %wt of T*IM 0.0017 0.0056 0.307 0.771
immobilized enzyme
Methanol to oil * %wt of MO*IM 0.0467 0.0248 1.883 0.118

immobilized enzyme

S=2.233

iilo
T
P
S

2

R

Rz(adjusted)

R’ =95.7%

SE coefficient

R’ (adjusted) = 87.8%
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N1TDONLUUNITNADDILIUY Box-Behnken Qﬂﬁl‘]gfmluﬂﬁﬁﬂ‘]ﬁﬁﬂ1’]$ﬁlﬁh1$ﬁu

v 1 a a 4 1w a 4
yosiladearegaenswnan luTedwa aumswasnggnldlumsmardulszansvosauns

[ @ J 1 [ :‘ @ a J @ ]
1%}Llﬁﬂ\1ﬂ311~lﬁi~lwuﬁi$“Vi'ﬂ\ﬁjﬁ]%ﬂﬂ‘ﬂ%}@Ela$Iﬂﬂuﬂ"iuﬂﬂl@\ilﬂﬂﬁl@ﬁl‘ﬂﬂﬁaluﬁWiﬁ'JfJEJ%‘l

Yy 9
(% %

a J [~ [ J
AANUN Vl\iﬁzTJLL'U'UETIJfﬂiﬂﬂﬂ@EléUfJ\‘lﬂWifJfJﬂUfU'Uﬂ13ﬂﬂﬁ@\1ll'ﬂ‘ﬂ Box-Behnken 1JuAg

Y=p +Zﬂixi +Zﬂiixi2 +Zﬂyxixj +&

AITIRIINT 12 HAN1TNAABININNTEDNULUNITNAADILUL Box-Behnken

No. €, €, €, FAME
1 30 6.0 : 1 30 27.07
2 30 15:1 30 13.74
3 50 15:1 30 6.22
4 40 15:1 10 6.89
5 40 6.0 : 1 50 19.86
6 50 3.75: 1 10 3.75
7 50 3.75: 1 50 8.83
8 50 6.0 : 1 30 10.70
9 40 3.75: 1 30 9.74
10 30 3.75: 1 50 20.89
11 30 3.75: 1 10 17.18
12 40 3.75: 1 30 10.80
13 40 15:1 50 11.72
14 40 3.75:1 30 10.44
15 40 6.0 : 1 10 6.4
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27.07
13.74
6.22
6.89
19.86
3.75
8.83
Y = 10.70
9.74
20.89
17.18
10.80
11.72
10.44
6.44

64.5719
1.9933
— 2.5342
- 0.0073
« 0.2593
0.0279
- 0.0011
- 0.0983
- 0.0983
0.0467

v Idaumsaanesiiguuuily

FAME = 64.5719 + 1.9933MO - 2.5342T
-0.0073IM + 0.2593M0° + 0.0279T°

-0.0011IM > - 0.0983T x MO
+0.0017T xIM + 0.0467 MO x IM



122

MANUHIN D
a L4
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Y
ﬁuﬁawaﬁammmtmu Box-Behnken
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a L4
NANUIN 2 ﬂ1iﬁlﬂi1$1"iﬂQWNETNE“IJGIJ?N?(Nﬂ1§11!ﬂ15@@ﬂl!ﬂﬂﬂ13ﬂﬂﬁ@\i

Y
ﬁuﬁawamuaumtmu Box-Behnken

Y a

Y
ﬂ”li@i’]ﬂ!,!JJ1Jﬂ”li‘i/]ﬂﬂ@QWAUW’JNaﬁﬂﬂﬁUBQLLUU Box-Behnken 4v0alszns

£ A~ Sy v o S A &
W“LN?I@?Jﬂﬁ‘V]ﬂﬁﬂﬂﬂ?ﬁlﬁ%gﬂﬂlﬂﬂﬁﬂﬂﬁ%lllﬂ IﬂElﬂ”li‘i/nﬂ”li‘iflﬂa@Q%Wﬂﬂﬂﬂ\iﬂﬂﬁﬂlﬂﬂﬂﬁ

[

NA[DN (7= 40 o , MO =3.75:1 uag IM = 30) Tﬂﬂﬂ”li‘ﬂﬂﬁi’]‘].lﬂ?]”lllﬁllgﬂ‘ll@ﬂﬁllﬂ”liﬁcjuﬂﬂﬁ

Tifianu Tiangdsgniedoyanmsnaassiuaums

Hanuliauglsennedeyanisnaaesiuaunis

a o a 4 Y o w
msnageuanuaunagugminnlFlumsinnzdt  Teowasiuhiasaes

a ' I 1 [ Y
GUBQ?‘I’NEJWﬂ‘Wﬁ1@Qﬂ£tﬂﬂ@ﬂﬂlﬂuﬁﬂﬂﬁ3uﬂﬂﬁ (Box et.al.,1993)

HATIURTIABIVRIANVHANIIATIN = wWasuiasdevesnn iaugvesaums

+ HATIUAAIAOIUDIANIUAANAIAVINNITNAQ D

SSE = SS + SS

LOF PE

SS = SSE - SS

LOF PE



MI1IWHIN D1 ﬂ”li‘V]ﬂﬁ’f)ijﬂ’J”IlI"lliﬁﬁJgﬂsll’f)leiJfﬁ”lﬂ@Q uag %’agamimam
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No. T MO M y; g
1 40 3.75 30 9.74 10.33
2 30 1.5 30 13.74 15.23
3 30 3.75 10 17.18 15.82
4 50 3.75 10 3.75 2.79
5 40 3.75 30 10.8 10.33
6 30 3.75 50 20.89 21.85
7 50 1.5 30 6.22 731
8 40 6 10 6.44 8.89
9 50 3.75 50 8.83 10.19
10 40 1.5 10 6.89 6.76
11 50 6 30 10.7 9.21
12 40 1.5 50 11.72 9.27
13 30 6 30 27.07 25.98
14 40 6 50 19.86 19.81
15 40 3.75 30 10.44 10.33

WG * Aon1snaaedidurienina1a

Vi

A

Vi

Y
o o a J
%}ﬂﬂﬁgiﬂEluTﬁuﬂGU’E]\‘lm“VIaLﬂﬁlﬂﬂﬁ%Wﬂﬂ1TﬂﬂafJ\‘l

Y
o o a 4 o
%}ﬂﬂﬁgiﬂEluTﬁuﬂGU’E]\‘lHJVIﬁl@ﬁmﬂiﬁﬂﬂl!ﬂﬂ%1ﬁ@\1



SSE

SS PE

SS LOF

ADIAANNDATEVDI SS,,,

ADIAININDATZUDI SS

LOF

ADIAIANNDATLUDY SSE

Y
Jaiuazld

MSRE

MS

LOF
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Z(yi_j})

[ (9.74—10.33)2 + (13.74—15.23)2 +..+ (27.07—25.98)2
4—(19.68—19.81)2+(10.44—10.33)2 ]

24.927

> (v -9)

Center

[(9.74-10.33)" + (10.8-10.33)* + (10.44-10.33) ]

0.5811

-9 - 206i-9)

Center

24.927 - 0.5811

24.346
= n-1
= 3-1 = 2
= n, = 3
= n-1+n,
= 3-1+43 = 5

SSRE/(n-1+n )
24.927/5
4.985

SSLOF/(nc)



MS

PE

24.346/3
8.115
SS,./(n.-1)
0.581/2

0.291

Y
v A
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12 ldaneaqilaanavesmseenuuumMInAandtly Box-Behnken (Hugafl
A1519HUIN 92 AIFDAVDINITBONUULNITNAADILUY Box-Behnken
Source DF Seq SS Adj SS Adj MS F P
Regression 9 548.232 548.232 60.915 12.22 0.007
Linear 3 475.118 42.4211 14.140 2.84 0.145
Square 3 35.382 35.3820 11.794 2.37 0.187
Interaction 3 37.732 37.7319 12.577 2.52 0.172
Residual Error 5 24.927 24.9271 4.985
Lack-of-Fit 3 24.346 24.3460 &.115 27.93 0.035
Pure Error 2 0.581 0.5811 0.291
Total 14 573.159
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MARNUIN N

' §y o g’ o a s a {
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a a J o = % 1 A A o
MANUIN R ﬂTTViTIJﬁiﬂﬂlmﬂaL’E]ﬁl“lfl’E]'D'GU’E'Nﬂﬁﬂqmuuiuqﬂjﬂﬂlcﬁﬁﬂﬁﬂﬂﬁlw'E'JEIHEJL!

~ a = Y 4 ~ =
annzimmnzanlumswnan 1o ToAradeon lad lanlangnaia

v oA
AIDYNN 1

imiinvedluTedwadiedn = 4228 mg
dy A 9 a 4
wunlanswnaeames = 8,590,263
wunldns il lasunilsu = 55579
wunldnsmunaeames/lasunlsu = 154.56
hninvouuNawames ua13d1ee19
8590263
4 = 0.0681 x| ——
FAME ( 55579 j
= 10.53 mg

Y
%’aaaﬂﬂaﬁmﬁﬂmmmmmamaﬂumiﬁ’mmq (FAME)

10.53
FAME = ———x 100
42.28
24.9
Intensity
] Le
4000000 |85
3000000
2000000
1000000
1%&? TRLE g ET
Y - - = e A &8
o = i 0 = A
T I T [ T I

0 10 20 30
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Peak# Ret.Time

MO0 ] O LA e e

Peak#
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
45
50
51
52
53
54
55
56
57
58
59
a0
61
a2
63
o4
65
66

4' a2 9 v A o A
MNANUINN D1 Iﬂiiﬂjﬂllﬂiuﬂlﬂx‘lhlﬂjﬂﬂl“ﬁaﬁWﬁiUﬂuﬁluﬁﬂT}%ﬂmiﬂ$ﬁM

0.533
0.582
0.869
0.973
1.104
1.291
1.352
1.428
2.139
2377
2.887
2.950
3.257
5.128
5.826
6.841
7.420
8.336
9.130
9.456
9.546
9.711
9.887
9.944
10.195
10.385
10.576
10.918
10.989
11.171
11.248

Ret. Time
11.446
11.871
11.927
12.109
12.177
12.327
12.370
12.529
12.621
12.819
12889
14.350
17.140
17.397
17.758
17.836
18.237
18.327
18.402
18.632
18.703
18.762
18.985
19.074
19.124
19.224
19 434
19.645
19717
19.847
19.967
20.205
20.383
20.447
20,501

(T=30% MO=1:6 IM=30) #1919 1

Area Height
211448 111222
1050344 394510
3760713188 34003127
8197239 3892678
19581 8003
2538 2043
2567 1906
8195 2963
2804 1598
1254 G698
1387 791
1351 888
1898 1079
22266 13482
1361 882
6052 3447
1069 645
10176 3761
2248 961
13060 7281
67694 30125
1049065 526674
10039 4846
20047 9826
5277 1944
12872 6141
3855 1693
2835009 759329
3997756 1084694
557056 215873
70623 26903
Area Height
10008 3984
13013 5581
o015 4082
2832 1285
3990 1487
5464 2430
5574 2592
7949 3164
5621 1785
4894 2052
10467 4443
4175 1576
18171 5310
4538 2169
1477 755
4454 2358
12624 7674
1693 205
1394 757
2421 1520
2281 1382
1810 1092
11337 6656
11513 7233
2723 1331
33934 20535
3481 1345
55579 109694
1825 1085
2556 1485
1431 985
14446 959
3214 1599
5203 2438
1675 516

Conc.  Unit Mark ID#

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Conc.
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

A
A%
At
A%

A

A%
A
A%
A

v
W
v

Unit Mark ID#

mg

mg
mg
mg
mg
mg

i

WV

AT

AT

vV

vV

WV

WV
vV

WV
v

v

WV
W

L]

Lk L Ll s L

Cmpd Name

Cmpd Namse

Tricaprin

Diolemn
Diolein
Diolemn
Diclein
Diolemn
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o oA
AIDYIN 2

Y
iminvedluTeftsadiedls = 4924 mg
dy A 9 a 4
wunldnsnlunaeamos = 8,652,494
Y
wunldns il lasunilsu = 51867
Y v
wunldnsmunaeames/lasunlsu = 135.114
g’ o a o @ ]
hminvesunaeames Iuasde1
8652494
w = 00681x| 22227
FAME ( 51867 j
= 11.36 mg

Y
o o a J @ 1
%}ﬂﬁlﬁgiﬂﬂuWWuﬂﬂJ@x‘lmﬂaLﬂﬁlﬂﬂﬁiu@ﬁ"ﬁﬁ'}@ﬁﬂﬂ (FAME)

FAME = 11.36 x100
49.24

= 23.07

Intensity
4000000 |5
3000000
2000000
] :
1000000+
] g
13l # 3 A7 BE %ﬁmﬁ g
o i o= DR kT ﬁJ o A
I L T T T [
0 10 30
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Peak#

—
Lalil==10" == <N N UL E R B ]

— e
LA s L 2

Pl =t et
2 AD OO =] Oh

[ S I )
LR SR

Lad Lad B Bad B Bl Bd
0N 0D ] O

Peak#
32
33
34
35
36
37
38
39

41
42
43

45
46
47
48
49
50
51
52

53
54

d’ 2 9 v A o A
MNAUINN A2 IﬂiNWI@uﬂSN%ﬂﬂqﬂiﬂﬂvmﬁﬁ?ﬂiﬂﬂuﬂuﬁﬂWJ%%UﬂNWzﬁM

Ret. Time
0.536
0.585
0.867
0.971
1.103
1.291
1.351
1.427
2.138
2.BB6
2.950
3.256
5126
5.823
6.838
7417
8.333
9454
9.543
9.709
9.940
10.193
10.382
10.573
10.915
10.987
11.169
11.236
11.439
11.868
11.926

Ret. Time
12.177
12.325
12.365
12.525
12.619
12.816
12.885
17.137
17.392
17.835
18.236
18.400
18.630
18.701
15.983
19.073
19.224
19.462
19.645
19.845
20.382
20.447
20.689

Area
199369
926692

Height
106540
340278

3709870887 31635726
TT17583 3663262

16373
2109
2341
7973
2813
1375
1329
1797

22037
1321
6368
1080
8110
7593

63693

1056044

17232
4004

10044
3359

2986132
3961118
535434

50073
7549

11342
8279

Area
2473
6267
5607
8078
4288
5216

10473
18240
4679
4292
12860
1199
2606
2213
11559
12366
35894
1324
51867
2331
1813
3374
64203

6862
1706
1864
2628
1589
789
874
1079
13213
379
3632
640
3711
4075
29909
530391
7157
1828
5002
1533
780901
1095367
208061
18569
2788
3021
3634

Height
085
2610
2735
3196
1578
2099
4508
5210
2368
2319
7851
705
1595
1389
7119
7477
21490
875
106389
1373
1328
2133
30922

Conc.
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Conc.
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Unit Mark ID#

W
Y
W
Y

Y

v
v

Unit Mark ID#

mg

mg
mg
mg

v
v

v

WV

v

v

Lad Laa L

(T=30 % MO=1:6 IM=30) §196199 2

Cmpd Name

Cmpd Name

Tricaprin

Dialein
Diolein
Diclein
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o oA
AN 3

iminvedluTeftsadiedls = 47.09 mg
dy A 9 a 4
wunlansvwnaeames = 8,374,231
wunldns il lasunilsu = 56760
wunldnsmunaeames/lasunlsu = 147.54
WhntinveuuNawames ua13d19e19
8374231
w = 0.068] x| =220
FAME [ 56760 ]
= 10.05 mg

Y
%ﬂﬂaxiﬂEJﬁﬁ’iﬁﬂﬂJ’fNLiJTlal’f)ﬂm6§1Hﬁ1iﬁ’3681ﬂ (FAME)

FAME = 10.05 x100
47.09

= 21.34

Intensity

r
DRES

Lk

4000000+

3000000+

2000000+

1000000

5

o
o
5
,_."D
EE
il
= e
i

|45/

2137

T
sz
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Peak# Ret.Time Area Height Conc. Unit Mark ID# Cmpd Name

1 0.532 236101 126477 0.000

2 0.584 977306 359049 0.000 W
3 0.866 3712759748 333463878 0.000 W
4 0.971 8211473 3895312 0.000 W
5 1.101 18988 8074 0.000 W
& 1.288 2759 2122 0.000

7 1.350 2560 1958 0.000

2 1.425 8605 3046 0.000 W
9 2.137 2711 1564 0.000

10 2.885 1456 823 0.000

11 2.948 1294 862 0.000

12 3.255 2249 1173 0.000

13 4.796 1007 648 0.000

14 5.125 23116 13873 0.000

15 5.822 1290 848 0.000

16 6.837 5966 3374 0.000

17 8.333 7106 3304 0.000

18 9454 5086 2853 0.000

19 9.542 60392 28088 0.000 W
20 9707 1015490 5032383 0.000 W
21 9. 889 2649 1223 0.000 W
22 9.936 12891 6007 0.000 W
23 10.192 3787 1746 0.000
24 10.381 6572 3283 0.000
25 10.572 3821 1724 0.000
26 10,912 28729946 749945 0.000
27 10.983 3888173 1037738 0.000 W
28 11.075 18820 3317 0.000 W
29 11.167 484332 202663 0.000 W
30 11.232 34028 14808 0.000 W
31 11.436 5333 2197 0.000

Peak# Eet.Time Area Height Conc.  Unit Mark ID# Cmpd Name

32 11.867 11308 4888 0.000

33 11.925 2033 3652 0.000 vV
34 12.178 2539 1048 0.000

35 12.321 5647 2415 0.000

36 12.365 6226 2766 0.000 WV
37 12.524 7043 2043 0.000 vV
38 12.617 3924 1513 0.000 vV
39 12.815 4800 1981 0.000
40 12.884 9956 4279 0.000 WV
41 17.134 17277 5082 0.000
42 17.391 4419 2136 0.000
43 17.833 4166 2273 0.000
4L 18.234 12751 7647 0.000
45 18.399 1144 682 0.000
46 15.629 2529 1551 0.000
47 18.701 2205 1373 0.000 vV
48 18.982 11376 6733 0.000
49 19.071 13405 7510 0.000
50 19222 34487 21092 0.000 vV
51 19.643 56760 107503 0.000 mg 5 Tricaprin
52 19 844 2368 1422 0.000
53 20.383 1790 1309 0.000 mg 3 Diolein
54 20446 3535 2116 0000 mg WV 3 Diolein

d’ 2 () v A o A
MNAUINN N3 Iﬂill"limlﬂillsllﬂﬂllﬂiﬂﬂl%ﬁﬁ"IWiTJEJ‘L!EluﬁﬂTJ%‘ﬂlﬂll"lxﬁﬁJ

(T=30% MO=1:6 IM=30) #19619% 3



1 H oy @ a rL % [
MANUIN B2 MINATUANRA8VDISoas Tasrivinmnaeamos 'l Tedsadioe1

Ay v A v P A =
°Vl1ﬂﬂ1ﬂﬁﬂ13$ﬂlﬁu1$ﬁ3\lﬂ’)ﬂl@ullc]fllulalﬂﬁﬂgﬂ@lﬁ\i

1 E4 1
mmﬁ8611@&%'@aaziﬂaﬁmﬁﬂmmmmmaﬁma?%1ﬂmJufﬁmmmmm@]mam{ﬁllﬁ’mﬂmi

4 v
aammuﬂﬁmamﬁumwamimuaumu Box-Behnken ﬁ”liJ”Iiﬂ‘Vi”lul??])i]”lﬂﬁiJﬂﬁﬁ 17 1%

Msunudnals Mo=6 T=30 =50 214

FAME = 645719 + 19933MO — 2.5342T
—0.0073IM + 0.2593MO* + 0.0279T*
—0.0011IM > — 0.0983T x MO (17)

+0.0017T xIM + 0.0467 MO x IM

FAME = 645719 + (1.9933 x6) - (2.5342 x30)
(- 0.0073 x50) + (0.2593 x6%) + (0.0279 x30?)
(~0.0011 x50%) — (0.0983 x 30 x 6)
(+0.0017 x30x50) + (0.0467 x 6x50)

= 30.7%
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Y ! ) a 2’ % <
ﬁnﬂﬂ'ﬁﬂﬂa@\iﬁu&uﬁﬂTﬁﬁﬁlﬁuTgﬁﬁJTﬂﬂﬂ1§ﬂ1ﬂ1§%ﬂa9\1Wa@lllliﬂal‘;]faﬁlAlﬂuAljJLlﬂJaﬂﬂ@ﬂ

4
v A

v o 09/‘ vy g‘ o a o I
MUAZIUITUIU 3 FIiﬂllﬂ'ii’]Ela3Iﬂﬂu”lﬁuﬂsll@\illl‘ﬂaLi’]ﬁmﬂilﬂuﬂ\iu

1 g’ @ a s {
MAMINNUIN N1 m%’@&aﬂﬂ&mmuﬂmmmwaL’aﬁm’aiﬁ"l{ffmﬂmi‘wﬂaaﬂuamazﬁmmzﬁu

v Y
ﬁ"lﬁ’mﬂmia@mm‘Umimamﬁumwamuaumuuu Box-Behnken

Freehaii ZowazTagrnmiinvenfiateames
1 24.90
2 23.07
3 21.34
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o an 1 o 1 <3 a
ﬂ1ﬁﬂﬂﬁ@‘ﬂ°ﬂ1ulﬁiﬂﬂﬂWﬁﬂﬂﬁ@UﬂNﬁﬂﬂ INNYNUAIBDYWVUIALEGN (n<30) IﬂﬂﬁﬁuuﬁﬁWHﬁﬂ

1 { oy o a o { °
Anagueasegaz lagthminveauunaweames luanIgimugay (T=30% MO =1:6 IM

=30) 1udail

Hy:u = 30.7
Hy:u = 307

Fel¥mada t Smsunaaeudedl (@wva, 2551)

X—H
s/\/;

t =

A I~ a I 1 ~
feeamanuiludase (n-1) Wummaasy lagh

24.90 +23.07 + 21.34

X o= = 23.10
3
n
2
n (xi)
2 =l 2
e " 1607.63 - 6931
s = |2 = 3 = 178
n—1 3-1
aatiuag lasana « Al
;oo XoH 23.10-30.7 _ _7139

sin (1.78/43)

Nszautiadify 98.5% O0=0.015 0/2=0.0075 ~fa = -8.073
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