2
2.1 :
(2548) (fats)
3 (glyceral) 1 (triglyceride)
(21
(als)
Fatty Acids
2.1
- Kodali (2005)
2.1.1 (saturated fatty acids)

(stearic acid; C18:0)

(fatty acids)

2.2)



2.1.2 (unsaturated fatty acids)
2121 1 (monounsaturated fatty
acids)
1
(oleic acid; C18:1) (22
2.12.2 1
(polyunsaturated fatty acids)
1
(linoleic acid; C18:2) \ (linolenic acid; C18:3)
(22
¢i 9.cs 12¢is 15183
- COOH
B cis A il
L y
il /~ COOH
o cis Qi 12-18:2
i -COOH
18:0 i o
/“_/'“’ /ﬁ_/ -COOH '
& = y
B trans 9-18
/\ cis 9, trans 11-18:2
) _/—~ COOH
// /
.{ /

2.2
: Mossoba (2005)
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213

2.14

1

(-COOH)

16:0

18:1:9

18:2:9,12

2141

18

(essential fatty acids) (

16

18

18

18:2: -6

18

| 2549)

A (delta)
(Prayanoi, 1995)
, 2545)



(alpha-linolenic acid; LNA  C18:3)
3

CH3CH2CH=CH-CH2CH=CH-CH2CH=CH-CH2CH2CH2CH2CH2CH2CH2COCH

f
omega carbon

2142 -6

6 -6
(inoleic acid; LA~ C182)

6
CH3CH2CH2CH2CH2CH=CH-CH2CH=CH-CH2CH2CH2CH2CH2CH2CH,-COOH

t

omega carbon
2.1.5
CODEX Stan 210 (1999)
(oleic acid; C18:1) 17-30 % (linoleic
acid; C182) 48-59 % (inolenic acid; C18:3)
4511 % ( 2.1) 252-3,627 mglkg

(22



21 (% )

(lauric acid),C12:0 ND*0.1 ND-0.3 ND-0.2 ND-0.1
( yristic acid),C14:0 ND-0.2 ND-0.3 0.6-1.0 ND-0.2
(palmitic acid),C16:0 8135 86165  214-264 576
(stearic acid),C18:0 2-54 ND-3.3 2.1-33 2.7-6.5

(oleic acid),C18:1 17-30 200422 147217 140394
(linoleic acid),C18:2 4859 34.0-65.6  46.7-582  48.3-74.0

(linolenic acid),C18:3 45110 ND-2.0 ND-0.4 ND-0.3

ND* non detectable
: CODEX Stan 210 (1999)
2.2 (crude vegetable oil) (mg/kg)
@ 9-352 23-573 136-674 403-935
(©) ND*-36 ND-356 ND-29 ND-45
(y) 89-2,307 268-2,468 138-746 ND-34
5 154-932 23-15 ND-21 ND-7.0
Total 252-3.627 314-3 472 274-1.470 403-1,021
ND* non detectable

 CODEX Stan 210 (1999)



2.2 S (refining process)
(2543)
2 (chemical refining)
(physical refining) (  2.3)
(crude oil

(refining loss)
(neutralization)

(steam distillation)
(deodorization)

Crude Oil

{LAID_égumrhingj__] > GUMS e | __Dgguzrlir_\g

R B -
LNeutraIisatiQDJ soaps | 'L_ Bleaching '
_ i L v SPLITTING e il E -_ -,___ 3
| Bleaching | R Steam refining-
R = Deodorisation
LDeodorisaiignJ

 Refined Oil |

2.3

‘Kellens ~ De Greyt (2000)



2.2.1 (degumming process)

2.2.2 (neutralization process)
(saponification)
(soap)
soap
s0ap
( , 2544)
(NaOH)
0.01-0.03 % soap

(centrifuge)  soap
90 °c soap
1 (vacuum dryer)
s0ap
(sulphuric acid) acid ol



soap stock splitting acidulation  acid ol

2.2.3

(activated bleaching earth)

(filter)

224

steam refining

(bleaching process)

transfer
(adsorbents)
soap
(filter aid) 1

bleached soybean oil
(deodorization process)

10

(carotenoids)

| 2543)



1

2241 (dleaeration)

2.24.2 (heating)
(deodorizing
temperature) coll
coil
2243 (deodorization  deacidification)
2244 (cooling)
heat recovery
economiser 120-130 °c
2245
(direct condenser)
1% ] 25 % 230-235 °c
chemical refining (Kellens,1997)
Jung (1989)
1 ] 318 %
(crude soybean oil) ]
]
] ]
94 % ]

Ferrari (1996) chemical refining techniques
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chemical refining 1

4%
!
| 1
!
1
Medina-Juarez (2000)
! (dleodorizer)
semicontinuous  process 240-260 °c
18 72 %
physical refining 1 chemical
refining 17 0.90-2.93 %
0.16-2.99 % 0.90-
350 % 72 % == 1%
240 °c 1% linolenic trans isomers
linoleic trans isomers oleic trans isomer !
(tocopherol, T) 83 % y-T > 0T > 0tT
240-260°c
40-56 % !
distillation
removal | (thermal
degradation) distillation losses
stripping steam
240°c

240°c ! distillation
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(thermal  degradation)

Kellens  De Greyt (2000)

heat bleaching

0.1-1.0%

230-260 °C 24 mbar 0.5-2.0%
220 °C 220-240 °C
240 °C

De Greyt  Kellens (2005) Isomerization

cis-isomer trans-isomer
isomerization rate 100
Isomerization rate 10 methylene-interrupted

diene

(vapor pressure)
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] vapor
pressure-temperature  Antoine;
P° = A-(B)/(T+C)
P° vapor pressure )
T absolute temperature (°K)
ABc chemical constants

]

Frandsen (n.d.) ]
220 °c 254 bar

2.3 (trans fatty acids)
1 1 1

trans configuration (Pinkaew, 2002)
231 (isomer)

(geometrical isomerism) (  2.4)

(cis-form)
(trans-form) ( , 2545)

Cis Trans

2.4 cis, trans isomerism
- Kodali (2005)
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2.3.2

(isomerized)
(bent)
(linear)
crystal  packing

(018:1) 16 °C
(elaidic acid; C18:1) ' 44 °c
(C18:0) 70 °c ( 25) (Kodal,
2005)

2.5 (cis-9) (trans-9)
- Kodali (2005)
2.3.3 (Pinkaew, 2002)

2331 (hydrogenation process)

hydrogenation
hydrogenation
(isomerization) cis configuration trans configuration

hydrogenation



2.3.3.2 Biohydrogenation

2.3.3.3 Thermal isomerization

1I
245-250 °C)
H) 15
1 1
(geometrical isomers)
Isomer)
2.34

10-30 %
Prayanoi (1995)

(<182

0.36-0.54 % 1.99-3.39 %

Prayanoi (1995)
Pinkaew (2002)

24

Isomerization

111112 %

16

biohydrogenation

( 1-6
geometrical isomerization

Isomerization
(positional

2-T%
partial hydrogenation
(Pinkaew, 2002)
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hydrogenation

0209 % 0.74-1.55 % 02-16 % 008 %

C18:2c9112
1
43-100 %
C18:1t

C18:3

!
436 + 11 %

52+ 13%

Aro

018:3
1%

3 3
0.1-04 %
C18:2c9t12 1
2 C18:2t9t12
C18:2c9t12 C18:2t9t12
C18:2c9t12
C16:1t
Pinkaew (2002)
(016:0) B2+ 11 %
5+ 21 % (C18:2c9c12)
1 1 ' 1
(1998) 1 1 ' '
14 018:1 018:2

040% 063 %  0.86 %
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C18:2 C181

018:3 !
Medina-Juarez (2000)
! (018:3)
’ (C182)
! (C18:1)
Ratnayake ~ Zehaiuk (2005)
( 23)
2.3
(% )
9t-181 - 004 - 0.03 003 008 017

% 12t-182 001 001 = = - - - -
9c, 12t-18:2 02 0% 02 02 038 034 002 005
% 12¢-182 018 031 015 02 03 03

O 12c 15183 009 004 004 002 - 003
9c,12¢,15t-183 094 05 - 01 - 015
Oc, 12, 15c-183 016  0.09 0.02 0.02

Ol2c15c-183 08 05 008 01 002 014 - -
X trans FA 242 189 047 074 073 106 019 005

‘Ratnayake  Zehaiuk (2005)
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2.35
Pinkaew (2002)
LDLHDL
10 ( - )
LDLHDL ( 26)
C18:2t9t12
geometrical isomer positional isomer C18:2
| Mensink and Katan
H Zock and Katan
i G Nostel et at.
P i " Fludd étal.
@) h E. Judd et al.
= 1 D Lichtenstein etai.
X ¢ Aro etai.
0 dramet at
X 0.8 A Lichtenstein etal. |
Q 0.6 E @
c G ; ®
R N T
} A :.0 eF @
RJ 0.2 - A | e S
0 @ -
0
0 2 4 6 8 10
Percentage of Energy from Trans Fat
2.6 LDL cholesterol HDL
cholesterol

- Pinkaew (2002)



(2547)

low density lipoprotein (LDL) cholesterol

high density lipoprotein (HDL) cholesterol

Aro (1998)
serum lipoproteins

2.3.6
Pinkaew (2002)

1.6 gl |

81lqgl |/
509/ |/
3.3-12.7 gl
2.3.7

12 %

LDL-Cholesterol

HDL-Cholesterol

. .1986
. .1989
hydrogenation
. .1991

2.7-11.7 g/
(Hunter, 2005)

24 25)
4 9%
5.6 0%

20
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American Heart Association

Adult Treatment Panel Il
of the National Cholesterol
Education Program

Health and Human
Services/US Department
of Agriculture

Institute of Medicine of the
National Academy of Sciences

- Hunter (2005)

2.5

Health Council
of The Netherlands

Health Canada

Ministry of Agriculture, UK

Austria, Germany, Switzerland

Japan

World Health Organization/Food
and Agricultural Organization
of the United Nations

- Hunter (2005)

<10 % energy
(population)
<7 % energy (at risk)
<7 % energy (at risk)

<10 % energy

(population)

Low as possible

Low as possible,

Upper Limit 10 % energy

<10 % energy

<10 % energy

<10 % energy

6-8 % energy

<10 % energy;
<7 % energy for
high risk groups

Limit so total of cholesterol-
raising fatty acids
<10 % energy
Keep intake low

Low as possible

Low as possible

Low as possible,
Upper Limit
1% energy

<2 % energy

<1 % energy



2.3.8

Food and Drug Administration (FDA)
“Food labeling: Trans fatty acids in nutrition labeling, nutrient content claims, and health

claims”

serving (Schrimpf-Moss

2.7
: Schrimpf-Moss

22

(27

1 2549

0.5 glserving
Wilkening, 2005)

o e i T
IR TECHO : t

ENRGS EhiRanTY
AftKiunf 1w Smvl g

c&l-oritat» 200 Calorio - from Fal 120

% e»lly »lue»

Total Fat 139 20%
¢ niQ (RN .31
Trvi.s FAI %)

Cholestérol 3€ ng '

Sottlum 66p mg

Total maMofeytfraS» 31g 10

L 0%

}{itam in ¢ _.2%
[

Calcium 2E)(rr)10.4%.......f.
- » o&m}«

;l ol DY ﬁ%&ug f:# Txr‘gfr/\?'ag; 00(’) 2 5op<§/l

. Clifeliaag. R
i el o0 e
10 t an

Osokestiréon CT Do g
5dem s 240€Vrr9 A
To&ii G&EXjfydfiS 30c3 3759
-fiaaanr 5\/ er . >H

Fjm 9 P g Ci aH 4 4

Wilkening (2005)

trans fat 0 g per
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2.4 Vi
..1922 Evans Bishop
(antisterility vitamin)
. .1936 Evans (wheat
germ oil) (tocopherol) tocos
phero
8 2 4
(alpha-tocopherol;  OCT) - (beta-
tocopherol;  (3-T) - (gamma-tocopherol; y-T)
(delta-tocopherol; O-T) (tocotrienol)
(phytol group) 3
3, 7T - (Ot-tocotrienol; a-T3)
((3-tocotrienol;  (3-T3) - (y-tocotrienol; y-T3)
(0-tocotrienal; 5-T3) ( , 2543)
4
(a-T>(3-T>y-T>0-T)
(0-T>y-T>P-T>a-T)
(Medina-Juarez , 2000)
241
(chroman
ring) 2



2004)

R'=R*=R7V# H
R-R =R =CHs
R=R3=CHs R2=H
Ri=H R2=R3=CHs
R1 H Rs3=CH,

Ri=R2=R3=H
R1=R2_ z5=¢ch3
Ri=R =CHs R2=H
Ri=H R2=R3=CHs
R1=Ro=H R3=CHs

2.8

. Eitenmiller Lee (2004)

24

(methyl group)
R1 R2

10" ( 2.8) (Eitenmiller Lee,

Tocol

o Tocopherol
(VTocopherol
y -Tocopherol
S-Tocopherol

CHs3

Tocotrienol
a-Tocotr ienol

P-Tocotrienol
y Tocotrienol
(vTocotrienol



242

C2HI0 2

243

(peroxide)

1,500

430
( . 2545)

(2544)
2431 (antioxidant)

tocopherol semiquinone radical

2432

25
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2.4.3.3
]
(angina pectoris)
2.4.34
2435
200 1
2.4.3.6
2.4.37

lipid peroxidation
lipofuscin
lipid peroxidation lipid
peroxidation

(2537)



21

2.4.4
2441 ( , 2543)
(free radical)
(vitamin E radical)
(resonance
stabilization) (  2.9) (hydroxyl  group)
(localization)
4
OH Oe o} 0 o
] ROO® ROOH | I ]
'}// \\\\\i —>\\"/’ ‘/ \;\;\i - / e - V"‘/ - o« . R
| i U\ /;i ,‘ ) § 4!1 I
2.9
:Choe (2005)
(in vivo) ,

lipid  bilayer
membrane ( 2.10)
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RRR-Ot-tocopherol molecule

2.10
- (2543)

2442
( , 2545)
!
(peroxyl radical) (hydroperoxide)
(CC-tocopheryl  radical) !
| |

| | ( 210)



CHsy
Ho C16H33
a-Tocopherot
CHgy
1
CH3 l %2
e C16H33
T h .
HaC o CH: ocopherol Hydroperoxydieneone
CH3OOH
CH3 CH3
7 C1gMa3 e C16M33
o [ cHs HaC I s
CHy ; &L
a-Tocopheryl Quinone-2,3-Oxide a-Tocopheryl Quinone
211
(2545)
245
1
Apo B

( | 2546)

29
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( , 2544)
2.4.6
3-6 4
30-50%
25-30
200
30-40%
(
| 2544)
(recommended dietary
allowances; RDAs) - 10
LALO ( , 2005)
2.4.7
600

(anticoagulant effect)
400
(hypertension)
600
( , 2545)



2.4.8

tissues)

oxidative

Jung

rancidity

(wheat germ)

(1989)

| 2544)

(adipose

" 2543)

2.6)

( . 2545)



2.6

(2545)

( 9/100 g)

90-280
80-110
70
40-60
30-100
20-59
3-30
3-8.5
3-13
2-50
1.7-4.2

0.2-2.7

32



2.5 o CODEX
Codex Alimentarius Commission

33

CODEX 2.7 (CODEX Stan 210, 1999)
2.7 CODEX
L (free fatty acids) 0.3 % (acid value 0.6 mg KOH/g oil)
2. ' (peroxide value) 10 milliequivalents of active oxygen/kg oil
3. (volatile matter) 0.2 %
4. (color)
5. (taste & odor)
6. (total tocopherol) 252-3,627 mglkg ( )
T. (trans fatty acids)
8.
(oil stability index; OSI)
: CODEX Stan 210 (1999)
2.6 (deep-fat frying)
26.1
2.6.1.1 (hydrolysis)
(2545)
Moreira (1999)

triglyceride + 20

1 FFA + glycerol
free fatty acids (FFA)
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2.6.1.2 (autoxidation)
Moreira (1999)

hydroperoxides hydroperoxides

) fission alcohols, aldehydes, acids hydrocarbon
) dehydration ketones
) free radical oxidized monomers, oxidative dimers

polymers, trimers, epoxides, alcohols, hydrocarbons, nonpolar dimers, polymers
(2545)
(PV)

2.6.2
Mcsavage Trevisan (2001)

2.6.2.1 Hydrolytic rancidity
hydrolysis
ester linkages

2.6.2.2 Oxidative rancidity
Oxidative rancidity

polymerization
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Normand (2001)
]
4 high-oleic ~ low-linolenic canola oil (HOLLCO) high oleic canola oil (HOCO)
regular canola oil (RCO) low linolenic canola oil (LLCO) ] 893
mgl/kg 601 mglkg 565 mglkg 468 mglkg 2
17542 °c 12 / 6
2 6
6 1:6
HOLLCO  RCO ] LLCO
]
Goburdhun (2000) \ 1
7 1 chicken
drumsticks 15 1 180°c
315 13
1.6
45 7
chicken
drumsticks 45

peroxides hydroperoxides
primary oxidation products

oxidation
oxidized hydroperoxides
chicken drumsticks
hydroperoxide 45
hydroperoxide hydroperoxides

secondary products
non-enzymatic browning hydroperoxides
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chicken
drumsticks
(rancidity)
hydrolysis hydrolysis
1 monoglycerides diglycerides
hydrolysis
oxidation non-volatile decomposition products
(NVDPs) ( 80 %
) hydrolysis
315
chicken drumsticks 0.5-0.8%
chicken drumsticks Lovibond tintometer

hydrolysis, cyclization
polymerization, isomerization oxidation
electromagnetic energy
Maillard reaction brown pigment melanoidin
conjugated double bonds

Tyagi  Vasishtha (1996)
butylated hydroxyanisole (BHA) tertiary-butylhydroquinone
(TBHQ) 0.01% vanaspati (partially hydrogenated

vegetable oil blend nigerseed

! 37 °C)
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170 °c 180 °c 190 °c 1.2
2 20
10 10 6
vanaspati
vanaspati
polymerization trienoic dienoic
vanaspati BHA  TBHQ
190 °C 70
0.04 % 15 %
hydrolysis carboxylic — groups 1

2
carboxylic groups
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