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SUMMARY

Conjugated linoleic acidS (CLA) are a group of naturally occurring isomers of
linoleic acid containing a conjugated double bond system. CLA have been
recognized for their ability to prevent or cure cancer, atherosclerosis, and Type II
diabetes (NIDDM). It also has been reported that CLA are involved in the
regulation of cytokines production, resulting in muscle and bone strengthening
activity. Fat partitioning activity of CLA also has been reported, resulting in fat
reduction in pigs and humans.

CLA are abundant in dairy products and meats from ruminant animals. It were
originally reported high levels of CLA in cheeses and milk, and reported that dairy
products (milk, butter, cheese, and yogurt), and meats from ruminant animals
contained large quantities of CLA (ca. 3 - 8mg total CLA/g fat). It was also
reported that vegetable oils contained very low levels of CLA, ranging from 0.1mg
CLA/g oil (coconut oil) to 0.7mg CLA/g oil (safflower oil).

It was found that cis-trans and trans-cis isomers of linoleic acid were present
in hydrogenated soybean oil and margarine by means of capillary gas
chromatography - matrix isolation - Fourler transfer infrared spectroscopy. It was
carried out that series of HPLC/UV/MS analyses to characterize the fatty acids
with conjugated’ dienes in a partially hydrogenated oil (mixture of partially
hydrogenated soybean oil and palm oil). It was concluded that the partially

hydrogenated oil contained conjugated linoleic acid isomers. It was also reported

_13_.



that a partial hydrogenated vegetable oil contained 4.24mg total CLA/g oil, and it
was studied conjugated linoleic acids formation during selective and nonselective
hydrogenation precesses, and was found that the large quantity of linoleic acids in
soybean oil was formed during selective hydrogenation processes. It was also
reported that the maximum CLA content produced in soybean oil was 98277g,
which was among the highest ever reported in foods. The hydrogenation is
performed under various conditions to produce the hydrogenated oil with different
physical and chemical properties. It has been generally known that the reaction
conditions, especially hydrogenation temperature and agitation rate, greatly affect the
types of fatty acid isomers formed in vegetable cils.

The objectives of this research were to determine the effects of different
hydrogenation temperature and agitation rate, catalyst types, catalyst amount,
hydrogen pressure, and oil species on the quantity of total CLA and CLA isomers
in soybean oil during hydrogenation process.

The effects of hydrogen temperature and agitation rate on the formation of total
CLLA and CLA isomers were studied during hydrogenation with a selective Ni
catalyst. The CLA isomers were identified by using a 100m cyano-capillary
column gas chromatograph and a silver ion-impregnated HPLC. Reaction
temperature and agitation rate greatly affected the quantities of total CLA and
individual CLA isomers, and the time to reach the maximum quantity of CLA in
the partially hydrogenated soybean oil As the hydrogenation temperature
increased, the maximum quantity of CLA in soybean oil increased, but the time to

reach the maximum CLA content decreased. By increasing the hydrogenation
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temperature from 170 to 210C, the quantity of CLA obtained was about 2.6 times
higher. As the agitation rate decreased, the CLA formation in soybean oil
increased, and the time to reach the maximum CLA content also increased. The
maximum CLA contents in soybean oil obtained during hydrogenation at 210C with
agitation rates of 300, 500, and 700rpm were 162.82, 108.62, and 76.15mg total
CLA/g oill, respectively. The results showed that it is possible to produce
high-CLA-content soybean oil without major modification of fatty acid composition
by short-time (10min) selective hydrogenation under high temperature and low
agitation tate conditions.

The effects of types and amount of catalysts, hydrogen pressure, and kinds of
vegetable oils on the formation of CLA isomers were studied during hydrogenation.
A selective catalyst (SP-7) produced a considerably higher content of CLA in
soybean oil than nonselective catalysts. The maximal quantity of CLA produced In
soybean oil during hydrogenation increased greatly with increasing amount of
catalyst. By increasing the amount of selective catalyst from 0.05 to 0.3%, the
quantity of total CLA obtained was about 1.9 times higher. Changes in hydrogen
pressure also greatly influenced total CLA formed. By decreasing hydrogen
pressure from 0.24 to 0.024 MPa, the quantity of CLA obtained was about 1.3 times
higher. With different oil species (soybean, cottonseed, and corn oils), the time to
reach the maximal quantity of CLA was different under the same hydrogenation
conditions. However, the maximal quantity of CLA and proportion of CLA isomers
formed were almost identical, regardless of oil species tasted, under the same

hydrogenation conditions.
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Partially hydrogenated soybean oils solubilized in acetone at 10% level was
settled down at 5, 20, and -70°C using multi-step. fractional crystallization process
to obtain oil containing high concentration CLA, and the maximum concentration
observed was 30.7% whereas the original concentration was 24.6%.

The extraction and concentration of CLA in soybean oil using supercritical
carbon dioxide was carried out. The effects of extraction temperature was not
significant at higher extraction pressure at higher than 3,000psi. The additional
concentration was resulted by addition of ethanol at 3% level into extraction
solvent.

Partially hydrogenated soybean oils containing high CLA content showed the
highest oxidation and storage stability in terms of acid value, peroxide value and
induction period among safflower and cottonseed oils.

Partially hydrogenated soybean oils were successfully applied for the
manufacture of shortening and margarine, and the margarine was used. for pastry
making without any differences compared with original margarine.

The potato chips fried in partially hydrogenated soybean oils containing high
CLA content showed the satisfactory organoleptic evaluation results, and with

respect to changes of acid value, peroxide value, and smoking point.
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A1 48 FAaEd2HCLA, Conjugated linoleic acid)®] AW

EERCE:

A nzsEa vk vl a2 al tfehe] Ha%(1987)2 fried ground beefZ 78 3¢t
¥ 2] & 7 AH(conjugated linoleic acid, CLA)&HE A2

FEEAL dald vk Aok CLAE® #5244kl linoleic acid® 44 R $13 ©]4

AEZA, 9¢llt-, 9tllc-, 10c,12t-, 10t, 12¢c-, 9t, 11t- ¥ 10t, 12t-linoleic acids% &

oz ojgAE

mlo

,_'l
ground beefZ%E F&F FEEC] nAEY Ed¥e] AdARAE e LS
At A HUet (Pariza et al, 1989). 1% 712-dimethylbenzlal anthracene

(DMBA)2. 2 tumorE 43k 2-stage mouse epidermal cacinogenesis model& AR
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st ol FEEY FUYFAHE ATt (Pariza and Hargraves, 1985). °ol& &

o
p
uld

Feb 2 linoleic acid®l 912 R Aol dA E2A FTH]FTAIS FA

it
lo,
oo

conjugated linoleic acids (CLAYY o] #3Ath (Ha et al, 1987). CLAE® %3 BPZ
A7 A9 g BAE JdA-E dAste EHE VM AeRE AT (Ha et
al., 1990).

AL¥E(10mg)el DMBAZ rat® #4Z%(mammary tumor)& o3 % CLA)
o]t 9| anti-promotion E 3ol hE AF A oslH CLAY #4dS dF3]
AAdlste ZAZE AR, CLA F94%FE Z484E UL As JAsts a8 2
A VGEFEY (Ip et al, 1991). 2¢9t7]1 % o] tt& DMBA$ methylnitrosourea® 5ol tha}
o FEdE FEYE CLAZE AAEAT o) AL 33y webAle] Fi/o #AAXA
e MAYESS Tt 424 E dAddE AL guistg (p et al, 199).

SultzF (1992)2 CLA$} B -caroteneo] 37+ (M21-HPB, malignant melanoma;
HT-29, colorectal; MCF-7, breast) ¢Al¥o) aixl= 94&g ATt o] A74
Zell EW, CLAE ol& YAZED &4 vt A dxfol vlstd dAE F4

< dA8 2 (18-100%) A1 H o

CLAw 93 8qAadE 7HA e Aoz &afA At} (Lee et al, 1994). 3
ol EEE Wl o3 (Doyle, 1998), FHA /24 2189 CLAS 37 E7]9
FoAg 97 CLAE &#3tA &2 A8 E AT Ao Had 5 Zy2HE
F2 EEA Fhou, dEH (aorta)d TR £4AEE HJYn BEY

o},
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4. A28 2 AR Arax

e

CLAZF 7[R+ & 08 Aastyggyoses AFA5d 2 AgggdFdadelnh
CLAT mouse, rat % chickenol* immune stimulationol €3] -+2¥ catabolic
response® #AAoA TS AFZAAEC] B v 3ok (Cook et al, 1993; Miller et
al, 1994; Chin et al, 1994). & A& didez ¢ HPolME, 2089 A #Ad

gl A WY 36g9 CLAS A& Ax 349 & AALe] 17% - 21.3% A= #Fa

of
rek

39t} (Doyle, 1998).

|, Hoseknechts (1998)2] A ste] o8, CLAT d€¥d-F#A (insulin
sensitizer)¢l thiazolidinediones®} FAFsHA] 7t A PPAR?E @4 3A7]& o=z Y
Ebch. =3 CLAE @xdd Ad ZDF rate] &48 SF2Z2WA  (impaired
e &3 dgx

s o] A3k CLAZE NIDDM (J1€d dlejE&d dxd) d 9 A5d o

ol

glucose tolerance)S A4 3A171+= 9 &3} hyperinsulinemia® 714

84 & dvke

o
o

A g

us W Aol

ulo

ofn
o

CLAE ol #43tn & 4FES 4, A2 we 59 454F, A1)

HFFEe Amr] S wny o sl Arh4-Tmg/ g oil). ¥l bRV ¢

2

FoSIE e & EA4FYG GAE 9 Havld #fd CLAE &9 dFFE
M2l 8k 1] A E-E(Butyrivibrio fibrisolens, Eubacterium Intum)ol 2]8t43 linoleic acid

o]
T =

o
rir

2] biohydrogenation ¥F3-2 7t 422 AAHE & Ag7|dd F4HY

L)

[e]
o
A% Fo FHEE AoR Ut MFEER FE o Fur) Fo UF T



o A3 (56mg/g fat), o127l (27mg/ g fat) 2 H 7] (29-43mg/g fat)F N =
B FRE Aok Hur] F FerHuvlel FiE CLAF c-9, t-11°14 A7 oF
79-85%% ApA| e},

AA cheese® Tl CLAZE oF 29-T.Img/g fatd 3o 3, 712 FodE
45-52 mg/g fatd=o Atk $H FTolE 54-7.0mg/g fatdF=o] Aot (Shantha
et al, 1993; Shantha et al., 1995)

ol # %

ol

>

Azt A F2, FEP, 4 FJ, A, ULHE B

o el w
&, ¥dn Feo

ox

< 7HA 2 9l

rr

Aoz wHHAYUAM A AAez Zus] A7t

il

’

AYHI Yo, A% AFY 44

2
()

AT o] FA T QT

A 2 4 CLTG(Conjugated linoleic acid triglycerides) #|Z

T4 ¥ £AH

O ey 71eA4e ZE CLAS Adsts 71¢e 84 F 7= 4394
o A WA ¥ye YEddt (indeic acid)& ©9# FHste dE2A 1E 5o
F 20T Axe 52 2xAAN wgAIE 2T o)AsH (akali
isomerization)o]t}, o] BHE F=go] HWA o} T ¥ EF §X9 EfZF
AR Ert 7t g Fel g g9 CLAZ 44 A 9o
08 e ¥4 nAES o8ty mAge] FAY o Austs @it o

43 & 4 (linoleic acid isomerase)7t 71 &< @& 4L o]48 AIAA CLAE A3}

rr

=

Pgoltt wael o9 WHE FT 49 F AFETEREY Puy PR AHS
o

stel, o8 UL AL Fee s awte 4

,]

fa

¢
=
2
lo
fru
o
ox
X
2
X
rlr
o

2]
EN
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A 7ol AUwWA ThA] CLA9 <ol
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=

& F7h 7
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=
5

& H3 98mg/g oilZ A, AAA 2F

= vl8l (dmg/g oi)E Tt} oF 2589 7H7kE WS =

o
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=
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A9

A 34

alkaline isomerization ©]Y linoleic acid

isomerase HRE T} A g&o] ok 254 JleF 1 FA HLE uf$ Gom Hl L9

<3 o)
AT

}iL CLA 3

g

FA ARAEE A

CLA %

EX

2 fhe

by}
E=S

o}

ohejs} 2},

e CIEEE!

1. CLA ©

"

P9 LS CLA o

T

Az

]

APgo

£

tdAM CLAW S+, CLA®

S

o yHE HAis

<

N
Ho

—

ok
o

2. CLA &

t71 9

NES B7HEE 043

2 A
.

2 44E CLA 9% 3% 48 o

o}

718l o %

oF

CEEIED

o1&

i

e @58 og gy ool i}

g FAe B B AaA

o} &3t Z+F CLA &F #FAA

CLA7} ¢}
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sl CLA & AF R v §o
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B2 Agd A 71EE ARAANeH Sl AN Fdskin. AMEd

Al 22 CLASH CLTGY A4t

59 YA Zu] (Nysosel-222, N-325, N-545, N-655, SP-7)& o|&3tdct. ¢
8 3E (1L capactity)o]l FAZ 700g 93, w9} 4422 Hrlele 2A3NA 1L
oM HEEAZIHAM AR Avitt A 8BS AHeFT Zoje] FF (AHFH Zuf &
Al Zwl), Euie] & (0.05 - 03%), A7 (0 - 400 mim), ¥r&2% (170-23
0C), #2%4 (025 - 2 kg/om), R WX (300 - 700 ripm)-& €3t wkgA) 7 &

=50 AdHE CLAY%S 35,
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3|

0.25, 0.5,

[e]

He

[e]

X}

A~
e

, EUES 01, 02, 03, 05%= &

gste] AlgiE CLAMAS 34
AlZrdE CLAXA

29
X3
A7

5o

Fejoll A (210°C, 500 rpm),

&

-
[e]

glatel Alkdd CLARX

A 71 A o

t}
o

CLAA A

170, 190, 210°C
e

=

=
Rl
[}
T

=

Pl

o e W slo]

300, 500, 700 rpm

0.85kg/cmy), &%
Ag s

=

1.0 kg/cm”

B =

ek B

CLA % CLA °|ZAE9]

o %

Nlo

4
-

o
B

%)

Rt

%}

Kol
=

1o, 230°C, 300rpm, 0.25kg/cm’
g CLAMA =

S

ol-&
- 99 -

o] 83s CLANA A+

=
=

487

6) o1& 7k



2. ¢F AdolEn e

(1) &2 A ZojdolRd

¢EE ol &3ty

“Zoj ol 447

4Hr8-2 (1L capacity)oll Zvj9

5 o.” 0
A glut 8.8

R

1§ 4 BH

J1-2-of A

2

913 CLARA
Zdjo] olaly AAMHog FAE
o] &3t CLAAA M54

THE (6F),

Ardstel AEAgE
H ANHH2AE TSR 2

ZujF (005 - 05%), WA (0-

480 min), ¥¢Z &F (methanol, ethanol, propanol, primary butanol, secondary
butanol, tertiary butanol), ¥E% (25 - 15%), dt4&%T (300 - 700 rpm), 25

(190 - 230°0)=
CEEXEgE

secodary- 9 tertiary T35

@9l

gejste] Aid Akf Fol

482

w3k

i

7tz butanolE A @ dle] Alztdid CLARA

) w8k g o,
(2 ¢2 29 CLAASSY A7y
N-5458 %vi2 o) gatm, Eoje, v

(0.1%, 500rpm, 210°C)

SOL N F

A~ [ =

LAY #& 543t CLAYY

oy

L

@]

T
Zre

1

=
=

£ <% primary-,

SHE 3

13 il A

WHHEEE ethanol¥S 005 0.1, 02, 0.3 2 05%2 &&l3ld

Ak CLAYE S F43te 48 ¢ g3
@) A& CLANAESE a7+4d

2% N-5458 o] &3ti, ¢EF2¥ ethanold o] 43, W28, YEYF, Zu)
A Fe 2R FelelAd (210°C, ¢EF 25%, ZuF 01%) TREEE 300, 500,
00rpms .2 @t} FatA7|dA At CLARAE S S48 488 s
o3
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Zof 2 N-5458 o] 833, dFEE ethanold ol &3], FoiF, ¢, =

£
b

Pl

=5 AT A (0.19%, 300rpm, 2.5% ethanol), ¥+& &5 & 190, 210, 230°CE

A 34 CLTGY &%

1. CLA TGe £¥Z2%4

AcetoneS &wjg 3dtof E w4 A (fractional solvent crystallization)-2 single-step,
double-step, multi-step2 2 o] AgPs et o W E F2 EfFA=e X
x| At ek A8t Ezlsb 884 single-step fractional crystallization
{(-70°C, -207C, -107TC, 57T), double-step fracticnal crystallization (-20°C liqud — -7
0C), multi-step fractional crystallization (-70C solid — -20TC solid — 5T), (6T
liquid — -20T liquid — -70T)ef Wo] AHE = AT

Ag' & 57189 (AgNOs-saturated methanol/acetone = 70/30)E At-&3te] #3
7t @/% cis double bond?l ol 9J&l Hulxle YA double bondd x

-electrone’} Ag  ion°] complex® A& =  double-step fractional
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crystallization (-207C liquid — -70C) W& AF&39 0.

2. A oliBEL 252 o) 4% CLA $A9 5%

o
2
Ho
2
A
e
o
=
ko
8
o
=~
o
o
=2

fluid extraction)®] HAzdE& ZAMSATH 2UA FA
FE2 ol dstgr s &z stod Ao, CLASE §3R 3o &
ATt olgk FA 2UA olitgEA FEF A CLAY #IEE Fol7] ¢35t Bxgo)
(entrainer)& A3l Hx 802+ HPLC £v& Jde2 (&% 999%, Sigma
Chemical Co., St. Louis, MO, USA)& o] &8} ).

ZY7 ol dggar FE olfH FXE FEF, ez ¥ FZ2 FAo] Ho 9
AL o2 gatoAHdth FZo of8H ol

E$E 09%9] TUE olARBL(BAESIA, B AgsGon, gz

B>

%€ dynamic flow® batch system

¥

rr
ol
jl

571 Aol microfilter® o] &34 E&EES AASAT olatsterie] Figte] o] §H
FEZ= Ax PZ(M29723, Haskel Pump Co., USA)ZA o|itstetAE A7

RS T e

mm
ol

Hete] ke 22 AEAA Z29A cldstagas A

off

rr

2z
St Ay o) 8¥ FZx+= 1 L £%(sin Engineering, tiA)ojgom, Halx
S|

A& FE259 —7?“%?}—173: HMEZ 3E 5 x 4 fractiénal designo. @ A ¥ A A

kATt AHEH FEZEE 35, 40, 50, 60, 65°Co1k2;12t%, ALEE FEAEE 1,500,

3,000, 4500 % 6,000 psiclA . 2t FExANA 2Ho we CLA FAaHE dotr
| LY i) 2goz stel CLA® ¥

7l 91t ALEE o AHERA 1000
Qoh 7 BEs} 4FREO) CLA $3& GC 2L 3 750

ot



(supercritical fluid extraction)2
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ulolzbd Az A Yz ujdel et Fuldlolg e A 7L Table 13 29 2o}

%4 85kg/c, B unit 1,000rpm, F# A 1000rpm, 7% 25T. £& 23T, 443
2,000kg/hr, H# &% 20T o] %

CLAS = UFHE #4788 [Vi113¢8 2888 Atk gt ol AAF(HF

mm

F SuE, AR, AR ) 24T FAToZ AG e AEo] A5EY
o 7 @A AR Yo oes 2ok aEY Az A Aol w@ulg Tujuoly

of 2 ZHE Table 33 48 Zt},

-9z g8 gAY Fx % RYRE ARV

- H9 o 90EgE 982 2oy e AdER 18-2 4R FYAAG.
- E B dHe 9 nAsA ZolFol B3 AN UL

-t Ay dad zAGH wet FAA0G,

- AW F08 ABE xAUY
- %4 AEYE AFS 9A70 S8

3 vobbd, £EYR o 8% Ad A% 2 9 A
(1) CLA #7402 A% 27

CLA %A% §§9 vhol7belg o] 83ko] Table 59 2¢ #40w sary AW
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Table 1. wlo}7tal Az Al & wi gy
I A 58] (%) L1t
BA SRR 45.0
AEZFA 200
CLA 20.0 IvV:113
8] A 2l & uhate 0.2
# A " 0.1
W EL7 2 0.05
B E g 0.1
e 0.1
AAA 09
ul g4 13.35

_35_




Table 2. violZbel Az A Fuldlelg 9] 24 =4

3 = SPEC 2% =7
F3x 2%(T) 45-55 50
- 3kA} ZHmin) 30-60 50
H 249 (kg/erf) 70min 90
B unit (R.P.M) 1,100-1,800 1,200
e ARPM) 1,100-1,800 1,200
ET25=(T) 16-26 21
F2(T) 16-26 20
A2 5 (kg/hr) 1,800-2,200 2,000
HRALE(T) 20C #x 20T #Z2
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Table 3. &£EBY AR Al A4F iy

A 2 A E-H] (%) =] -~
AT A 85.0
" CLA® 15.0 Iv:113
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Table 4. £EY Az Al Zuldlolg 9] 2y x4

& 2 SPEC Hy =24
F&x 25(T) 45-55 47
H =3 (kg/cm) 70min 85
B unit (RP.M) 1,000-1,100 1,000
HHAR.P.M) 1,000-1,100 1,000
ET25(T) 20-30 25
F2(0C) 20-30 23
A2 5 (kg/hr) 2,300-3,000 2,000
HAL%(T) 20C #x1 20C #1
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Table 5. whol7bd & o] &% siaEge] AWy 43

:rL

Mz

# A F 20

12 &9 A

A F2(C)

OVEN

e B
s 54

{pannel : 89%)
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4ge Yagivh

() CLA #A9 #7443

A F At A

e

Fryerol 4kge] oil& Y1 140ColA ofd A} 1.0kg® HZ F

sAME AAs

r

HastErt, wdd ¥EE FFSAd. = HA g

(Table 6).

A5 A" BEAdad

1. Sliver Ion-High Performance Liquid Chromatography % Gas Chromatography &
o]-&% CLA ¥4

CLAS 34 2 4% 24&

f

3 %A sodium methoxideE ©]€3}4 methylation

AlZ1%-, Silver lIon-High Performance Liquid Chromatography& A Alslod z}z}el

o

CLA peak® #8331 oA °lE ZF peakEE fractiono® ¥H3td gas
chromatography & o] &3to] zbzbe] zubalg #elsl= wHoz CLAE FA43%ch
Silver ion-HPLC® A& % columne ZBEZ AZ3% 3719 244 silver-impregnated
columns (ChromSpher 5 Lipids analytical silver impregnated column, 250 x 4.6 mm,
id., 5um, Chrompack, Bridegewater, NJ, USA)o] ¢ttt o]Z 4L 0.1% acetonitrile in
hexane& AF83IA3L UV detectorZ o] &38ked 233 nmoll A CLAE AZ340. GCE
column SA4o] wj$-3%-& cyanosiloxane phase column (SP2380, 100 m x 0.25 mm
id, 025 um thickness, Supelco)E A}43%th A2 FIDHEE7E o439z,

carrier gas2% helium& A} 283},
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2. Gas-Chromatography & ©]-&% % CLA ¥ 7 o|AAEY &aF &4

#A1& 025N sodium methoxide®} Al 75°Coll A 3087 A1 A X uabvgojl 2
BHE 4% F, o] AR E isooctanelZ &3t 7tazzuEady wyez
ATk olw AMEEE column® FAdo] w9 %2 cyano capillary columng ©]
Rew, oo YEE AMESIET F CLA ¥ 2479 o dAEo g FFAL
2 7t peak® WAL T F Shanta® o W ottt

F AR ol ##9 AWAF Conjugated linoleic acid(CLA)Y #&#& AOCS
Ce2-66 ol wet F&58 A4S 14% BFyMeOHZ wWEo) 2823 A2 F Gas
Chromatograph(HP 5890 Series. II, Hewelett Packard Ltd., USA)E ®Aagch. =z
H2 Supelcowax 10 fused silica capillary column(60m X 0.25mm X 0.25/m)< A+-£38+51

o EHNEAOZE ovendE 220C, injectorE 250°C, detector&® 250CE 3%

L
Mo
rz

71HAE He® 1m/min ©8 891 split ratiog 100012 s+gdth.  Gas
Chromatography®] 4 & 7z} x93 CLAY peakE-S #FE A WH4te] methyl ester
of o5 Azba wwste] #Hsigit. 4 AwAst CLAY 3%e 248 7 peak

ol WA PE F e WA wg Wrg Jeppic

3. Triglycerides ¥4 %7 &

Alg el H-9 triglyceride Pl Conjugated linoleic acid (CLA-TG)¢] 3H¢le

20utinjection loop7t & d HPLC Chromatograph(Jasco PU-980, Jasco International

N

Co., Ltd, Japan)& ®A3 %t 23 ChromSpher 5 Lipids analytical (4.6mm id.
X25cm stainless steel ; 5um particle size) silver-impregnated column{Chrompack,

Bridgewater, N])& AF&3329 columnd &%= 30CoIQr}. o] 542 05%
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acetonitrile in Hexaneol$l 3 wjd A& 2 Ao Alzde] AL F5E 1.0ml/min
o2 34t} Injection volumes 10pfolR o™ AZ& L ultraviolet(233nm)* refractive
index detectorZ & Alol Alg3t9tl. HPLC Chromatography® 42742 Table 37

#om Alg F CLA-TGY #zFe wWiEgg JehhAd .

Ta7Pe T B AUdhee AOCS9 Official Method& o] &8t #413k]th

210°C), £4¢49<& 0.25kg/cm’, 1.0kg/cm®, 15kg/cm” &2 We2AS WA A 7+ A

Aol Bt EE AOCSE Official Method(Cd 1c-85)8 o] &3l 8.2=71H8 &

L 20u7e] Mg wiste] AREEE ZAHAT,

8. Scanning UV-Spectrophotometry

FAANRE 224-trimethyloctaneo] &83 3 200 - 300 nm UV oA A7&

il
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Fat it

9. '"H NMR spectrophotometry

FHARE CDClLEY (TMS 0.33%3H5)0] SAANEE A48 'H NMR
& JEOL 400 NMR spectrometer (JEOL, Tokoy, Japna)S ©]&3ta] 400 MHz base
frequency 8Foll Al 25°Coll A A &3} c}. Proton resonance assignments® CDCloll 3§

H TMS#E 7] F 22 chemical shift (ppm)oll 27]3te] a4 3} o}

10. Melting Point Analysis
Algel §4L AOCS capillary tube® (AOCS 1-25, AOCS, 1999)& #x3dlo] &

ST

11. Refractive Index3%4
NEE 045 um filter® ] &&ted oIshgt ¥, 60°C2 AW refractormetero] Al

refractive indexztS =439t}

12. Differential Scanning Calorimetry
Differential scanning colorimetry™ AOCS recommended practice Cj 1-94 (AOCS,
19998l ofstol atgich. 27] 80°CAA -40°C 744 £ 10°CY) =2 5%

¥ F A -40°Cell A B0°C 7HA B 5°CY £ER SH52aHA 2R3 AAe
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13. A et F42 A3 Accelerated Oven Test
FAAEE serum bottles (Supelco)ol]l H7}3+3F Teflon coated rubber septa 2
aluminum capS °ol&38te] 71 WEIZ G0°CNA 6€7F AFsIHEA AH-FFe Ak

B 9 AAEEvhE Ak AR AFARAAEL S FH5AT

14, AFAE A 48 Y3 Active Oxygen Method

FRA B AFAEGAARE =As7] 93 Active Oxygen Methods AQCS

Official Method Cd12-57 (AQCS, 1699) & FZ3tgon, Al 435 Assls
o 7hA del AlZHhr) 2 induction period (IP)Z &lo] A AR LE &A 6

FrAsrd g s FA437] st 543 AzE FHALAA 25°CE T8 A
fluorescence light®] #F% 5500 luxE FA8tAA 6d&Ed FHE ZASIAEA, #Atks)
E7} (AOCS official method Cd 8b-90, AOCS, 1999) ¥ p-anisidine value (AOCS

Official Mehtod Cd18-90, AOCS, 1999)& =4 3%

16. Gas chromatography for headspace oxygen determination

AlE serum bottles?] ¥ F=re aird FAZIZ 104 F38}ed thermal conductivity

detector”t W% gas chromatographoll 538 . ojuwf AFE-3F columne Molecular
Sieve 13XE A OZ 3} stainless steel columnol 132, ¥ A 25 helium At
R
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=]
i
=
[l

M 3% ot Z

A 1A CLA9 CLTG AAtsA #H A3

1. =27 gkl osk CLAAAH

(1) A5 CLAAA &<, w8 2 54

A S E 2,24-trimethylpentanec] -&31A171% 200 - 400 nme] UV A &
AWsto] el zxatol M ZAshe diF ASo x71748A17ve] F7tel whe} 233
nme] A FFEot FUkskE AL #9En (Fig. . 2ejv sy zdstola 4 st

3 gEfol = 233 nmoll A E3E 2747 AASA 289tk (data not shwon). 'H

IIl

3}
conjugated diene o] AAdE AL vguo, MHAAS Fd olFAFY
conjugationyt-go] doltg gelstodt ® WFATHFE methylationr 71 &, Silver
Ion-HPLCE CLACIAZAEE 28359t (Fig 3). ©]% CLA peak®-& authentic CLA
methyl esters ¥ cream cheeseol4 #2]% CLA methylesters9} HliZ8le] zbu =9
CLAE T743s9 silver ion-HPLCOlA o}z o] AES wE Aoz F &35
FE % CLAAAES £43% & gas chromatographyE ©] &3] GCAANA 747}

of ol AES FAd 4Tt Figure 3% dFZ&F At mido]2E 2

_\9

gas chromatogram ©ith. 99 ¥ =4 Hygzds, dF33F o CLAT (719
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Absorbance

200 250 300
Wavelength (nm)

Figure 1. Partial UV spectrum of soybean oil and hydrogenated soybean
oil obtained during 10, 20, 40, and 60 minute selective

hydrogenation
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<

Figure 2. Partial Ag -HPLC chromatogram for partially hydrogenated

soybean oil fatty acid methylesters
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:;2:5'2
(A = By =
/ .
= s
= 2
[
Wz 7 % l 7
; = 2 a1t
= % . '_': 18
“1;; /‘—_z_:f EE “ﬁ 1 ‘; *‘li *:
BT ARG
FIES S SO S W T SO O [ DT TN SUAT TS W U
= 2 33 o 20 11 33 as

Figure 3. Gas chromatograms of (A) authentic CLA methylesters and

(B) partially hydrogenated soybean oil fatty acid methylesters
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9c, 11t/ 8t,10¢/ 10c,12t/ 9t,11c/ 1ic, i3t/ 12c,14t/ 10t12¢c/ 11t,13¢c/ 9c,1lc/ 12t,14c/
10c.12¢/ 11¢,13¢/ 12t,14t/ 111,13t/ 101,12t/ 9t,11t/ 8,10t/ 7t,9t-CLA)S % 19709 CLA
ol A HEol EAS G AL WALt (Table 7, 8). ¢l £X gas chromatography &
ol &ste] A Foll FHE ztzte CLACAEAES AREAS #48F & AA A

.

(2) Zupd B4 £

A

5% Y7 ZHul (Nysosel-222, N-325, N-545, N-655, SP-7)& o} &3}o] 210°C,

29# 05kg/cm”, #FEE 500 rpmel M 24 8E dAstel Huld CLANAS

{
f

-

Yshel Wlasklth (Fig. 4). o 4% 2% 5% Fvl 3 494 Zujael SP-70] 7

A We CLAE A8ty ZAow velut, CLAMA®HE HEZA A7te] wads =

(3) Zvlel Wake] W CLAXASY A4

Fig. 5% W$&5, indn, fa94ds 138 2
)& 005%004 03%7H4 Z7Hekl e W, & CLAMAS @stE Yehd Aojth Evf
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Table 7. CLA peak identification in Ag'-HPLC chromatogram (shown in Fig.

Peak CLA isomer Peak CLA isomer
peak a 12t, 14t peak j 11c, 13t
peak b 11t, 13t peak k 10t, 12¢/10c, 12t
peak ¢ 10t, 12t peak 1 9c, 11t/9t, 11t
peak d 9t, 11t peak m 8c, 10t
peak e’ 8t, 10t peak n 7t, 9¢
peak f T, 9t peak o 11c, 13c
peak g 12t, 14t peak p 10c, 12¢
peak h 12t, 14t peak g 9c, 1lc
peak 1 11t, 13t
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Table 8. CLLA peak indentification in gas chromatogram (shown in

Peak CLA isomer

peak 1 7t, 9¢/9c, 11t/8t, 10c

peak 2 10c, 12t

peak 3 9t, 11ic/1lc, 13t

peak 4 12c, 14t/10t, 12¢

peak 5 11t, 13¢/9c, llc

peak 6 12t, 14¢/10c, 12¢/11c, 13c
peak 7 12t, 14t

peak 8 11t, 13t

peak 9 10t, 12t/9t, 11t/8t, 10t/7t, 9t
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Figure 4. Effects of different nickel catalysts on the quantity of total

CLA formed in soybean oil during hydrogenation process
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Figure 5. Effects of catalyst amount on the quantity of total CLA

formed in soybean oil during hydrogenation process
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Figure 6. Effects of reaction temperature on the total CLA contents

in soybean oil during the hydrogenation process
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Figure 7. Effects of reaction agitation rate on the total CLA contents

in soybean oil during the hydrogenation process
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Figure 8. Effects of hydrogenation pressure on the quantity of total

CLA formed in soybean oil during hydrogenation process
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Figure 9. Effects of different oils (soybean oil, cottonseed oil, and
corn oil) on the quantity of total CLA formed in the oil

during hydrogenation process
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Fable 9. Contents of individual CLA Isomers in Partially Hydrogenated Soybean Oil
Obtained During Hydrogenation Under the Condition (230°C, 300rpm,

0.25kg/cm?)

HT? CLA isomer” content in soybean oil {(mg/g oil)
{min) 1 2+3 4 5 6 7 8 9 Total
0 v ND* ND ND ND ND ND 0.86 0.86

10 18.90 4.00 18.44 3.54 2.73 091 245 17.81 68.78
20 2835 | 1281 23.08 7.27 5.36 2.36 6.63 4352 129.38
30 3425 | 1917 24.35 10.85 7.27 4.09 11.36 64.60 175.94
40 36.34 | 24.26 23.26 12.08 3.54 591 12.27 83.14 205.80
60 36.80 | 27.89 19.90 13.36 | 10.09 8.45 13.17 96.86 226.52
80 3598 | 28.80 17.08 13.90 | 1099 | 1045 | 1526 | 100.85 233.31
100 3453 | 2871 14.81 1390 | 1136 | 1181 20.35 95.68 231.15
120 3235 | 1854 8.09 12.72 1327 | 11.36 | 1245 | 11058 219.36
140 3053 | 2490 11.08 | 1236 | 1154 | 1290 | 2281 82.05 208.17
160 28.80 | 23.08 9.54 11.81 1145 | 1299 | 20.53 7108 19598
180 25.08 | 1990 3.00 10.36 1063 | 1227 19.53 63.69 174.46
200 22.62 17.81 6.81 9.45 9.99 1172 | 1754 60.15 156.09
220 2035 | 1027 11.08 3.36 9.27 10.54 15.45 52.06 137.38
240 18.81 7.63 8.72 6.45 772 8.54 9.90 39.52 107.29
260 15.72 6.36 8.72 6.45 7.72 7.36 563 35.62 93.58
280 13.36 5.18 7.27 5.36 6.72 7.36 5.63 35.62 86.50
300 10.45 1.09 5.82 4.45 572 6.09 3.18 30.07 66.87
320 7.90 3.27 4.27 3.63 454 463 1.27 24.08 53.59

“ILT.: hydrogenation time in minute (hydrogenated soybean oil obtained after certain
hydrogenation time)

hIdentity of each isomer was shown in Table 2.

‘t: trace amount (less than 0.1 mg/g oil)

IND: not detected
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Table 10. Contents of individual CLLA Isomers in Partially Hydrogenated

Cottonseeed Oil Obtained During Hydrogenation Under the Condition

(230°C, 300rpm, 0.25kg/cm®)

HT! CLA isomer” content in cottonseed oil (mg/g oil)

{min) 1 2+3 4 5 6 7 8 9 Total

0 t¢ ND¢ ND ND ND ND ND 0.86 0.86
10 11.45 2.36 7.36 3.73 2.36 1.54 1.09 9.72 39.61
20 25.17 9.99 20.17 6.36 445 1.18 4.36 33.71 105.39
30 31.35 16.35 22.90 9.18 6.09 2.36 7.36 85.70 151.29
40 34.71 21.08 23.17 11.08 7.36 363 9.18 73.69 183.90
60 36.89 27.26 20.63 13.36 9.45 6.72 18.90 87.68 220.89
80 37.43 29.26 18.35 14.27 10.54 8.90 19.26 97.86 235.87
100 36.34 30.07 15.26 14.27 11.36 10.54 20.81 98.58 237.23
120 35.16 27.98 14.27 13.81 11.81 11.81 19.81 97.22 231.87
140 34.71 26.71 11.90 13.36 11.72 12.36 21.90 89.13 22179
160 31.16 24.80 11.08 12.63 11.63 12.54 20.72 84.95 209.51
180 28.98 22.53 9.81 11.63 11.36 12.54 20.44 77.14 194.43
200 26.71 20.35 8.36 10.63 11.08 11.99 20.26 68.96 178.34
220 24.62 18.90 7.36 9.72 10.54 11.63 18.45 63.78 165.00
240 22.62 14.99 8.36 8.81 10.27 11.08 16.72 5797 150.82
260 20.72 8.45 11.81 8.36 9.36 10.18 12.54 53.52 134.94
280 17.72 7.09 10.18 7.09 8.45 9.09 13.45 44.44 117.51
300 15.36 10.72 472 6.00 772 8.18 11.72 37.98 102.40
320 1354 5.27 7.18 5.00 6.72 7.00 9.99 31.71 86.41
340 10.99 4.36 6.09 4.09 582 582 8.72 25.8 71.65
360 8.36 3.54 4.45 3.18 463 4.45 5.54 20.99 55.14

“H.T.: hydrogenation time in minute (hydrogenated soybean oil obtained after

certain hydrogenation time)

bIdentity of each isomer was shown in Table 2.

‘t: trace amount (less than 0.1 mg/g oil)

IND: not detected
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Table 11. Contents of individual CLA Isomers in Partially Hydrogenated Corn Oil

Obtained During Hydrogenation Under the Condition (230°C, 300rpm,

0.25kg/cm”)
HT! CLA isomer” content in corn oil (mg/g oil)
(min) 1 2+3 4 5 6 7 8 9 Total
0 t° ND* ND ND ND ND ND 0.86 0.86

10 4.63 0.00 5.18 0.00 1.45 0.00 0.00 3.27 14.53

20 15.81 3.00 14.99 3.18 2.09 0.00 2.00 13.90 54.97

30 22.72 3.81 18.72 4.91 3.73 0.82 3.82 30.62 94.15

40 29.17 15.08 | 20.72 7.00 572 1.82 8.63 43.16 131.30

60 3425 | 2162 | 2144 9.90 7.36 3.63 10.27 66.96 17543

30 36.07 | 2798 18.35 11.63 8.72 5.54 14.27 80.77 203.33

100 3653 | 28.08 18.72 12.45 9.63 7.27 1654 91.41 219.63

120 36.71 29.53 17.17 13.17 10.36 8.72 16.08 93.22 227.96

140 36.25 | 2998 15.63 13.36 10.90 9.99 20.90 95.31 232.32

160 3544 | 2917 14.36 13.08 11.36 10.50 20.53 95.04 229.88

180 3462 | 2780 13.63 13.54 11.63 11.72 20.81 93.49 221.24

200 3344 | 2671 12.81 12.81 1154 12.08 21.44 90.31 221.14

220 3180 | 2590 11.18 12.45 11.45 12.27 21.81 84.77 211.63

240 3044 | 2435 10.45 11.90 11.36 12.45 21.08 81.59 203.62

260 2826 | 21.90 3.90 10.72 11.27 11.99 19.35 74.78 187.17

280 2662 | 20.72 8.36 10.27 10.90 12.18 19.35 69.60 178.00

300 24.90 18.54 3.00 9.54 10.45 11.54 17.99 64.69 165.65

340 2099 | 1517 6.18 8.09 9.63 10.18 15.99 52.97 139.20

360 18.72 8.45 10.27 7.00 9.00 9.45 13.54 47.16 123.59

380 16.90 6.63 9.72 6.45 8.09 8.90 10.09 43.70 110.48

“H.T.: hydrogenation time in minute (hydrogenated soybean oil obtained after certain
hydrogenation time)

bIdentity of each isomer was shown in Table 2.

‘t: trace amount (less than 0.1 mg/g oil)

IND: not detected
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Figure 10. Effects of different catalysts (0.1%6) on the formation
of CLA during catalytic transfer hydrogenation

with 5% ethanol at 210°C and 500 rpm agitation rate
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Figure 11. Effects of different alcohols (5%) on the formation of
CLA during catalytic transfer hydrogenation with 0.1%

nickel catalyst (N-545) at 210°C and 500 rpm agitation rate
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Figure 12. Effects of primary-, secondary-, and tertiary-butanol(5%)
on the formation of CLA during catalytic transfer
hydrogenation with 0.1% nickel catalyst (N-545) at 210°C

and 500 rpm agitation rate
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Figure 13. Effects of ethanol contents on the formation of CLLA
during catalytic transfer hydrogenation with 0.1%

nickel catalyst (N-545) at 210°C and 500 rpm agitation rate

._71_.



Al &

488 ey AREert FE4E CLAAAESEE O F7tste 238 BA

rr
to

o, O Ax7b ol AT (Fig. 14). ¥b2Azto] 3008 ZAFsr A FHddA A"
CLAYS °F 145mg/g oil o)L, 5008743 Algke] Anpstd s

-1
Ssith &, WWMEEE CLAY Aol 2 93rg #4 9t A0z Ui

(6) ¥h& 259 CLAAYASE AF7AY
SR 4F S 1A 2 (500rpm, 2.5% ethanol), 0.19% N-545 Zu| A& A}L8}
I, ¥E 2EE 190, 210, 230°C2 ©alste] Azt ¥ CLAAAS A3 AEE

At 2= xold oste] CLAYA Xt #Z4% Aolrt vehwt (Fig. 15).
3

aHy 257 Frbse R gadsle CLAY HasEds 2 Wil g wheAgt

o] 302 Aol =7} F7hgd (190, 210, 230°C) wEl XA

e
O
™
>
o
0%
rlo
N
N

37.89, 121.93, 140.83, 143.10mg/g oil &2, v&=7]o= CLAXMA Zo] A3 xjo)
7b Ak ey 30080 Atd AlHdME A CLAY o] whgexd Aa

ol A9 wlzeiAr.

E, 4EY 58 1A e A(230°C, 500rpm, 2.5% ethanol),

ol (N-545)2] & WMEANZIWA tFhol Foido] wgo] ¥ CLAMA $HL

of

drstan. g 18L& EMFN-545)S 005%1A 05% 7+ FeHe o
Ll

38 Jed ol Zvi¥e FANLSE A48 CLAY e

olN

N
o,
ir
pas
lo
il
£
,
;L
th

W&F 0.05, 0.1, 0.2, 0.3, 0.4, 05% Z F7FA171"WA A2y

¥ CLA 44¢ 233 23 27 120%0] 438 Ao 448 CLAY e 27

_72_



180

160

S 140}

o

D 120 |

E

€ 100t

@

€

O 80r

(&]

I 60t

(&)

™ 40} —@— 300 pm
° —O— 500 rpm
- 20 —wy— 700 rpm

0 1. | t 1 i l 1 1

0 60 120 180 240 300 360 420 480 540

Hydrogenation Time (minutes)

Figure 14. Effects of agitation rate on the formation of CLA
during catalytic transfer hydrogenation with 0.1%6 nickel
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Figure 15. Effects of different reaction temperature on the formation
of CLA during catalytic transfer hydrogenation with 0.1%
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of "lgte] CLARAEE &S oFgF Wolx= 2o et 18y CLA isomers®] H]

& A TR (Table 12).

3. CLAZ§ AT #, Zaddf 2 Fasuael Hargy 2 5295 54
(1) CLAZ A8l 5, Zateidf, 9 Faksus A

A Zu) (SP-7)8 o] &3te] 230°C, 4%® 025kg/cm’, WHHEE 300 rpmol A

olely whEslo] $£27488 AAstel CLAZE 11, 18, 23% %3 Asid 54, Az

i3
o
ol
)
do
=
i
ful
off
o=
e
of

sl Wit Aatute A% ol Asu TR HsEvtE
At B A A duk giFfol wlste] #HateErrE AE FUhekA et
a8y 2-alkenal$ S ZH A sk p-anisidine value® WA # fFA o] uv|3 o, CLAE

G/ FSFAA 2 gol 288 bRk
(2) CLAZHFo] The AST#9 A58 agyd 2e 49
A9 AoaFAA A 1%, 18%, 23%) CLAZ $%% 480§ 2 CLAZ
C

He {5 e du dE 3 242F serum bhottled] A Hi 60°

BTt AsetA e At diFfol wiste] AFF spdstE Yol FH we dof
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Figure 16. Effects of different contents of catalyst (N-545) on the
formation of CLA during catalytic transfer hydrogenation

with 2.5% ethanol at 230°C and 500 rpm agitation rate
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Table 12. Total CLA contents and individual CLA contents formed in soybean oil
during catalytic transfer hydrogenation with 0.5% nickel catalyst (N-545)

and 2.5% ethanol at 230°C and 500 rpm

HT? CLA isomer” content in soybean oil (mg/g oil)
(min) 1 2+3 4 5 6 7 8 9 Total
0 t¢ ND* ND ND ND ND ND 0.85 0.85

30 33.16 11.99 | 2599 10.27 9.63 8.54 1317 | 5879 171.54

60 35.53 21.35 18.63 11.45 10.90 10.27 1717 | 6551 150.81

90 36.43 23.44 16.99 11.63 11.54 11.08 1863 | 67.33 197.07

120 37.34 24.44 16.63 11.80 11.99 11.72 1890 | 69.51 202.43

150 38.07 2435 | 1599 12.27 11.72 11.81 1890 | 69.60 202.71

180 38.34 26.35 14.81 12.27 12.18 1245 | 1935 | 70.69 206.44

210 38.34 26.35 15.36 11.90 12.72 1236 | 19.08 | 70.87 206.98

240 39.52 27171 13.45 12.63 12.27 12.81 2053 | 70.33 209.25

270 38.98 2789 | 1399 12.08 12.90 1263 | 1926 | 7142 209.15

300 39.43 2735 | 1399 12.36 1272 1299 | 1917 | 71.78 209.79

330 40.16 29.17 12.18 12.90 12.90 1290 | 1872 | 7314 212.07

360 40.71 2953 | 1136 | 1272 12.90 1336 | 1863 | 73.14 212.35

390 38.98 30.07 11.27 12.63 12.72 13.08 | 1899 | 72.05 209.79

420 39.25 2017 12.08 12.81 12.63 13.17 1863 | 71.96 209.70

450 39.61 2998 | 10.8] 12.54 12.99 13.08 1854 | 7232 209.87

430 39.80 2798 11.36 12.80 12.99 1354 | 2063 | 7023 209.43

“H.T.: hydrogenation time in minute (hydrogenated soybean oil obtained after certain
hydrogenation time)

"ldentity of each isomer was shown in Table 2.

“t: trace amount (less than 0.1 mg/g oil)

‘ND: not detected
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S 22y CLASHSE AT H9os CLAZRFo] 5255 HAisE A
dol A dolwdrt 6d AFEY F AWt FH, 11%, 18%, 23% CLATH AddF
frol ikt Erte Zh2 273, 827, 727, 59.3 meqg/kg oilo]l QT+ (Fig 17). o] Ao ¢
bl CLAZFRA Aol M= CLAZR %o wE AN ERESESE 43e 2o 7t
AeS HeElhd of FABZES 244 serum bottled] 74 Y 7Y 9E & 60°C

ovenol A 6 F< AAEHA serum bottle AHEFZY] MNAALARHZS JAIREWE

2R SAHAG o] A3 A9 HistErt &4 Ae FASA CLAE 9F @
& AR Aert AaetA e dw diFfel vk AY T AREF
TanBrt 453 ey dojwith (Fig. 18). z#vh CLAZEE AstdiF79 5ol

AGAE 3 1821%E ZAaFHR o, 11%, 18%, 23% CLA%H AT 7S

T 6Y AY F ARFTF AdadFol A7 744, 816, 868% oA+ (Fig. 18).

Active Oxygen Method (AOM)& o] &3 g 3lerd A Ao s duttF

F X717t (induction period, IP)2 169 hr ©]Ql1, 11%-, 18%-, 2 23%-CLA% &4 38

5ol IPE 27 3.32, 3.87, 3.73 hrollth (data not shown). ©]¥ CLAE-S-5A 7}

ARbhFol vlste] AFAtshf skl BH goe RS dv|stm, CLATS Zo
o3 ]

WE FAE Ateldls AbgAstgAe & Zolrt gl ARG 9w

() CLAZ Zo] & JstilFfo Z4ats g &3 43
K

dehtB A e, dRAFRA HE] CLAZR-ZAAFR] A%t FAY F
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Figure 17. Peroxide formation of soybean oil and hydrogenated
soybean oil containing CLA during storage at 60°C

under dark
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Figure 18. Headspace oxygen consumption in serum bottles
containing soybean oil and hydrogenated soybean oil

containing CLA during storage at 60°C under dark

__80_



FHikstE Aol v doA AT 285 CLAZHC] 252 4its s 44
57t oot dMgiFH 9 11%-, 18%-, 23%-CLAY R AT/ 27 7
AEtE7RE 2% 01 meg/kg oilolflont, 6% 7 FASAINFT #alsiEvte 2tz
195.8, 68.7, 54.7, 2 38.3 meag/kg oilo| At} (Fig. 19).

¥t p-anisidine value® A3 Ao o]l FA A Z AolE YeldiAl &
A A F, 211, 18, 23% CLA 5-ZA3lFF2 27 p-anisidine value:

7F7} 485, 2.19, 2.05, 1.67°11t}. o= A7t ABEAA 2-alkenaldtFo] HAFUS

S vegdl A#Holtlk ey ol $45 697 ARG o p-anisidine value® 7zt
791, 433, 4.04, 376°]Jt}+ (Fig. 20). dwtulFF< CLASHFFX7F #FA4E F

2-alkenal®l AT F Aol7F gle2

[‘u,O
(3

ojn) st #Holth ol 2-alkenal o] x}4+3}

=ol7l wiFel FAtgzdI gol AH@5C) A matstEel HIrt AHolA olE

HAdate sfMsid, Akt g e ARt R wlste], CLAYS Zad+F

F ahstE A4o)l £H wel Jdojud telx 43RG Fo CLATRH 8
2 dhgaE 4ol HA defuth 69 AZAY T OAVALR, 11%-, 18%-,
23%-CLAZ -+ Zdsbdafol #ibalE 7k 7h7) 858, 111.6, 107.3, 103.7 meg/kg oil®]

Atk (Fig. 21). o] A48 AnA CLA & Zgdds 3 dutdd {7t 54

o

x4

M 2P CLAYRZBSHF® 2 o fol vlete] Fuse WS/ 48] w
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Figure 19. Peroxide formation of soybean oil and hydrogenated

soybean oil during storage under fluorescent light

illumination (5,500 lux) at 25°C
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Figure 20. Changes in p-anisidine values of soybean oil and hydrogenated
soybean oil during storage under fluorescent light illumination

(5,500 lux) at 25 °C
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Figure 21. Peroxide formation of cottonseed oil and hydrogenated
cottonseed oil containing CLA during storage at 60°C

under dark
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Zyzk 447,
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Figure 22. Headspace oxygen consumption in serum bottles
containing cottonseed oil and hydrogenated cottonseed

oil containing CLA during storage at 60°C under dark
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Figure 23. Peroxide formation of cottonseed oil and hydrogenated
cottonseed oil during storage under fluorescent light

illumination (5,500 lux) at 25 °C
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X3t p-anisidine value® &A% A= o5 X7t 2 HolE JEIA &
Rt (Fig. 24). A A4 2 11, 18, 23% CLA H4-43 B4/ %7 p-anisidine
value™ 217} 10.24, 6.33, 491, 448 °lAtl ol A7 AFEHAXA 2-alkenal T Fol
#oAE S vEd Feolth a8y olE #XE 697 BAHFE Fo| p-anisidine
value®™ 27} 1274, 881, 797, 724 oItk AwtA 359 CLAGHHA7 FAZSF
Z-alkenal®] A Lo FAo)7t §le-g 9nste Aolth ol 2-alkenal #HAH3HE
ol ZalElo] Matws olxpatstEoly] W] FA AT o] AL(25°C)lAM A
e ol 7t Hola o)E alkenal®d] AAAHLEIF PNy fE9 Aoz wdHEy
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Figure 24, Changes in p-anisidine values of cottonseed oil and
hydrogenated cottonseed oil during storage under

fluorescent light illumination (5500 lux) at 25 °C
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Figure 25. Peroxide formation of corn oil and hydrogenated corn oil

containing CLA during storage at 60°C under dark
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2026% 4 64 AEAE T 1998% % #AaE o} 11%, 18%, 23% CLAE R %3
Sl Aells 64 ARF dreFe Adagrde] Z42h 1181, 1060, 11.65% ©12
Y (Fig. 26). Active Oxyvgen Method (AOM)E o] &3 25 A8t A Ao o5k
AnkSHl 29 HE=7)17F (induction period, IP)& 230 hr o3, 11%-, 18%-, %
23%-CLAT 74 3t5ull -2 [P 2+7F 890, 588, 587 hrollth (data not shown). ©]

£ CLATH 3371 Qurewfol vstel A4BN5GE7 100 24 HoE 24 9o

SUlFARES BAGAG YLD, AU ugo] vste] CLAR l

-7 3}

[¢]
ar
F7F A T AAsE A v duA AP aga CLASEe] =

o

==

o

_/'F_
E s S0 aolAch dubsulf R 11%-, 18%-, 23%-CLA®R 233

‘;L]-\__

o
>

HAFe 27 s EbE 27 0.2 meg/kg oilollou, 69 b FAbEAl7]
&7 ZhZE 104.2, 500, 41.8, E 36.3 mea/kg oilel Aok (Fig. 27).

£33 p-anisidine value® F43 ZyoldE olE FX ol & AolE Ve A &

==

sroh, AWk AR 2 11, 18, 23% CLA 8- 3t2u]f-29 %7] p-anisidine value®
7}7) 355, 2.80, 262, 255 o1t Sul e ALE G4 2 A4S WA A
g7t AaEEA 2-alkenald o]l #AFISS 9uistth gy olE FAE 6YUI

@ A3 Fol p-anisidine value®™ ZHzZF 4.38, 3.71, 361, 3.59 oAt} (Fig. 28). 4uqt

2 o7t feg o

rir

Aok CLAS-5 247 F44% 2-alkenalsl A4 % =0

st Aol ol 2-alkenal S B rjo] AAE e olxpitstE o]y wlEof

r‘1o
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=,
2
o
il
S

dabstzd T ol A25'C)e A FatstE e girt HojAl o]F alkenal®] B E

7boolulaly) w el Ao dhvbyich webA ol AalstEviel d¥Ase sta
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Figure 26. Headspace oxygen consumption in serum bottles containing
corn oil and hydrogenated corn oil containing CLA

during storage at 60°C under dark
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Figure 27. Peroxide formation of corn oil and hydrogenated corn oil

during storage under fluorescent light illumination (5,500 lux)

at 25°C
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Figure 28. Changes in p-anisidine values of corn oil and
hydrogenated corn oil during storage under fluorescent

light illumination (5,500 lux) at 25 °C
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(8) CLASI3} refractive index®e] Aaa4

4ov
ruTn
o
Lo
Ho

g A A AshFAE 045 ul filter® ¥k FoE AAT

2
Ay
o
_O‘L
3R
2

A1 9] refractive index (RD#S 60°CE %A E refractometer® o] &3}
iodine value (IV)i= AOCS Wrol wie}l &4et9dch oluf ol gl AE

=
27k g 25709 AHUFRE ol gstarh. 1 A3 Fsurgoel ARHAN 9370

av Aghg Fo CLAZ ol 71845, refractive index#t2 CLARZY F7het
sA A B9 dS5ete e 29l (Figure 29-31). A3di+/ Fo CLAZ =T
RIZH2He] A#3A1E lincar regression® @ EAste]l By I A#AS = 09124
- ARG A U5 E HHUdY. & A#EAA (linear regression equation)<
Y = 523589 X - 7640.68°]% v} (X= refractive index, Y = % CLA content) (Fig.
29). AsWAFe] B¢ CLAZ I Rigtzhel 43 =098 oj=r JadA
L Y=T7717.87 X - 1125264 ol th (X = refractive index, Y = % CLA content) (Fig.
30). 3 Azp=uifol AL AT RIgtarel ATaAZ W Fold ¥ =
0.98°] %1}t (Fig. 31). Z1@] 3 linear regression equation = Y = 769579 X - 11231.31
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Figure 29. Correlation between CLA contents in hydrogenated

soybean oil and their refractive index
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Figure 30. Correlation between CLA contents in hydrogenated

cottonseed oil and their refractive index
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Figure 31. Correlation between CLA contents in hydrogenated

corn oil and their refractive index
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G RIske] JaAAE Yetde ol Z23e Hxm #H3d AornA

atel CLAZ S @ oA 7ol AA 24 = de 7€ Adsd Aol

(9) CLAE® 4st## 2 Solid Fat Content (SFC) % Melting Points (§ %)
CLASHY #x1¢ &843 545 sotslr] 98t SFCE NMRE o] &3ste o

oA EA-stdnt. FAAD 10°CAM CLAT 7 gt 7+, CLATH7Z A #

AP AR EAlete A& ofvstdth 23% CLAE
A 2@ 23% CLASS Aste2u]$9 melting pointst 42 33°C, 20.8°C %
24.8°Col 2Tt (Table 13). webA] oleld uAXE $+x8] AAs THe AAFE A
z5k7] fleiA winterization(RFE AR M)S st E AP A= -2°Coll CLA 23%
T FAE 1Y AR ¢ AR RS AR F 045 um filter2 o] }3ste] 9
A FH3 AAF-A (liquid portion of hydrogenated oil containing CLA)9F LA g
7] (solid portion of hydrogenated oil containing® 98- 4 AT olFEA L& A

F219 melting pointt 0'C ©}&}¢)l ¥t 1A% 9] melting pointe 35.3°Celth. 3L

AfrA g AFHA TN CLATH S oF 23.0%= & &ol7h gllot, i

2
lo

A7) BAFA| o] vlete] YEd] B o stearic acid®E ESHslil Sl 1

o

5,
2
ox
o

N
fo
w
2N
o
ob]
a3
o
an
2
o
Ao
<
o
flo

N
v
J>

8.52% T 4.57%°]0tt (data not shown).

W, "WaF W SR DSCA 98t ols FAEL 80°CAdA -40°CE

G 5C HER SHALT W 10C LAy 4% 2FEEe etk 1
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Table 13. Melting points of oil samples

Sample Melting Points(T)

Soybean oil 0T ol &t
HSO" with 11% CLA 0ol 3}
HSO with 18% CLA 28C

HSO with 23% CLA 33T

Liquid portion of HSO with 23% CLA 0ol 3t
Solid portion of HSO with 23% CLA 35.3T
Cottonseed oil 0Colst
HCSO" with 11% CLA 30.3C
HCSO with 18% CLA 308
HCSO with 23% CLA 2987
Corn oil 0C )8}
HCO with 11% CLA 0Col 3}
HCO with 18% CLA 305C
HCO with 23% CLA 24.8C

HSO" : Hydrogenated Soybean oil
HCSO" : Hydrogenated Cottonseed oil
HCO® : Hydrogenated Corn oil
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Figure 32. Differential scanning calorimetic analysis of hydrogenated

soybean oil containing 23% CLA
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Figure 34. Differential scanning calorimetic analysis of solid portion of

hydrogenated soybean oil containing 23% CLA after winterization
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Table 14. Fatty acid composition of partially hydrogenated soybean oil resulting
from melt crystallization and fractionation as affected by various reaction

time at 8C

Methyl esters (% by weight)

Fatty 12hr 24hr 36hr 48hr
Unfractio-

nated

acids

liquid crystalline liquid crystalline  liquid  crystaline liquid  crystalline

C16:0 115 1109 1247 1041 11.61 10.84 12.04 10.95 11.79
Ci8:0 5.0 4.35 5.90 4.14 3.97 4.37 549 4.39 517
C18:1 35.0 3584 3529 3666 3670 3586 3522 3641 35.82

C18:2 284 2898 2680 2951 2749 29056 2726 2851 27.25

((J(}]%A% 185 1837 1796  18.06 18.94 18.44 18.44 1845 18.46
C18:3 0.6 0.43 0.53 0.53 0.32 0.51 0.55 0.42 0.53
C20:0 0.6 0.52 0.60 0.35 0.63 0.54 0.58 0.54 0.56
C22:0 0.4 0.37 0.45 0.34 0.34 0.39 0.42 0.29 0.42

Sat. 17.5 1633 1942 1524 16.55 16.14 18.53 16.21 17.94

Unsat. 82.5 8367 8058 8476 8345 83.86 8147 8379  82.06
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Table 15. Fractional yield of partially hydrogenated soybean oil resulting from
melt crystallization and fractionation as affected by various reaction time

at 8T

12hr 24hr 36hr 48hr

liquid  crystalline  liguid  crystalline  liquid  crystalline  liquid  crystalline

54 46 40 60 39 61 15 85
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Table 16. Fatty acid composition of partially hydrogenated soybean oil resulting

from melt crystallization and fractionation as affected by various reaction

time at 2C

Methyl esters (% by weight)

Fatty 12hr 24hr 36hr 43hr
acids Unfractio-

nated

liquid crystalline liquid crystalline liquid crystalline liquid  crystalline

C16:0 115 103 133 108 152 107 120 103 117
C18:0 50 41 63 42 107 44 54 40 51
C18:1 35.0 %3 351 34 313 BT B0 W1 356
C18:2 284 298 956 297 239 293 275 296 278
2 185 182 181 184 167 185 186 185 184
C18:3 06 06 05 06 05 05 05 06 05
€20:0 06 03 06 05 09 05 06 05 05
€22:0 0.4 04 05 04 08 04 04 04 04
Sat, 175 151 207 ®4 26 160 184 152 177
Unsat. 826 819 793 716 724 840 816 848 823
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Table 17. Fractional yield of partially hydrogenated soybean oil resulting from
melt crystallization and fractionation as affected by various reaction

time at 2T

12hr 24hr 36hr 48hr

liquid crystalline  liquid  crystalline  liquid  crystalline  liquid  crystalline

54 46 50 50 33 67 10 90
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Table 18. Fatty acid composition of partially hydrogenated soybean oil resulting

from melt crystallization and fractionation as affected by various reaction

time at 8C
Methyl esters (% bv weight)
Faty Ohr Ahr 6hr 8hr 10hr 12hr
. infractio
acids
—nated

Haguid crvstalline liquid crvstaliine Hquid crystalline liquid crystalline liquid crystalline Hquid crvstalline

CI6:0 15 107 127 105 129 103 130 104 130 103 127 106 128
CI8:0 50 43 59 41 59 41 61 40 59 39 57 42 59
Cl8:1 350 354 346 354 361 356 345 354 359 355 347 354 345
C18:2 284 205 271 301 254 300 25 301 255 304 270 207 268
CI8:2 yo5 186 182 185 182 185 182 185 182 184 184 185 185
(CLA) X . . %S ) NS 29 .z .0 . R X R R

ClI8:3 06 06 05 06 05 05 06 06 05 06 05 06 05
C0:0 06 05 06 04 06 05 06 05 06 05 06 05 06
C2:0 04 04 04 04 04 04 05 04 04 04 04 04 04

Sat. 175 159 196 154 198 153 202 153 199 151 194 157 197

Unsat. 825 841 804 846 802 847 798 847 801 849 86 843 803
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Table 19. Fatty acid composition of partially hydrogenated soybean oil resulting
from melt crystallization as affected by single and double fractionation at

8 and 2T for 6hrs

Methy!l esters (% by weight)

Single fraction Double fraction
Fatty acids 8T 8T lquid—2T
Unfractionated
liquid crystalline liquid crystalline
C16:0 11.5 10.3 13.0 10.1 11.6
C18:0 5.0 4.1 6.1 3.9 4.7
C18:1 350 35.6 345 37.0 36.7
C18:2 284 30.1 265 289 271
C18: 2(CLA) 185 18.5 18.2 18.6 184 °
C18:3 0.6 05 0.6 0.6 05
C20:0 0.6 05 0.6 0.5 0.6
C22:0 0.4 04 05 0.4 0.4
Saturated 175 15.3 20.2 14.9 17.3
Unsaturated 82.5 84.7 79.8 85.1 82.7
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Table 20. Fatty acid composition of liquid fractions obtained from triglyceride form
of partially hydrogenated soybean oil after solvent crystallization with

various solvent at -20C for 24hrs

Methy! esters (% by weight)

Fatty acids
Solvent C16:0 CI8:0 CI8:1 CI8:2 CLA CI8:3 C20:0 C22:0
Unfractionated 115 50 350 284 185 06 06 0.4
Hexane 108 42 376 272 188 05 05 04
Acetone 9.5 3.3 378 29.0 19.1 05 05 0.3

9% Acetone/hexane 9.6 3.4 379 28.8 19.0 05 05 0.3

Petroleum ether 10.9 4.3 37.5 271 18.8 05 05 0.4

Diethyl ether 11.2 44 374 26.8 18.8 0.5 0.5 0.4
Methanol - - - - - - - -
Ethanol - - - - - - - -

Methylethyiketone 114 45 374 26.6 186 05 06 0.4
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Table 21. Fatty acid composition of liquid fractions obtained from fatty acid form of
partially hydrogenated soybean oil after solvent crystallization with

various solvent at ~20C for 24hrs

Methyl esters (% by weight)

Fatty acids
Solvent C16:0 CI8:0 Cl8:1 C18:2 CLA C18:3 C20:0 (€22:0
Unfractionated 115 50 35.0 284 185 06 0.6 0.4
Hexane 62 19 409 303 198 05 03 0.2
Acetone 71 22 403 294 200 04 04 0.2

95% Acetone/hexane 7.3 24 40.1 29.0 20.1 0.5 04 0.2

Petroleum ether 6.9 2.2 405 29.9 19.4 0.5 0.4 0.2

Diethy! ether 9.2 2.8 39.2 286 19.0 0.5 0.4 0.3
Methano] 5.6 1.3 41.0 30.8 205 05 0.3 0.2
Ethanol 8.7 2.7 395 286 19.4 0.5 0.4 0.2

Methylethyiketone 7.6 2.3 40.3 29.3 19.6 05 0.2 0.2
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Table 22. Fatty acid composition of liquid fractions obtained from triglyceride form
of partially hydrogenated soybean oil after solvent crystallization with

acetone at -207C for 24hrs

Methyl esters (% by weight)

Fatty acids
Unfractionated 4hr 8hr 12hr 16hr 20hr 24hr

C16:0 11.5 9.3 9.2 8.8 3.8 8.3 3.8
C18:0 5.0 3.1 3.1 29 29 2.9 29
C18:1 35.0 378 37.8 37.8 379 379 38.0
C18:2 284 29.3 29.6 29.9 29.8 29.8 29.7
C18:2(CLA) 185 19.3 19.3 19.4 15.4 194 194
C18:3 , 0.6 0.5 05 0.5 0.5 05 05
C20:0 v 0.6 0.4 04 0.4 0.4 0.4 0.4
C?,Z ] ‘ 04 0.3 0.3 0.3 0.3 0.3 0.3
Saturated 175 13.1 13.0 12.4 124 124 124
‘Unsaturated 82.5 86.9 87.0 87.6 87.6 87.6 87.6
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Table 23. Fatty acid composition of liquid fractions obtained from fatty acid form of
partially hydrogenated soybean oil after solvent crystallization with

acetone at -20C for 24hrs

Methy! esters (% by weight)

Fatty acids
Unfractionated 4hr Shr 12hr 16hr 20hr 24hr

C16:0 115 5.4 5.3 5.3 5.3 53 5.3
C18:0 5.0 1.2 1.2 1.1 1.1 1.1 1.1
C18:1 350 415 41.5 415 415 415 416
Ci8:2 28.4 30.4 30.5 305 305 30.5 304
C18: 2(CLA) 185 20.6 206 20.7 207 20.7 20.7
C18:3 0.6 0.5 0.5 0.5 0.5 05 05
C20:0 06 0.3 0.3 0.3 0.3 0.3 0.3
C22:0 0.4 0.1 0.1 0.1 0.1 0.1 0.1
Saturated 175 7.0 6.9 6.8 6.8 6.8 6.8
Unsaturated 325 93.0 93.1 93.2 93.2 93.2 93.2
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Table 24. Fatty acid composition of liquid fraction after solvent fractionation as
affected by ratio of partially hydrogenated soybean oil(triglyceride form)

to acetone at —20C for 24hrs

Methyl esters (% by weight)

Fatty acids

Unfractionated 14 1:6 1:8 1:10 1:12 1:14
C16:0 11.5 8.8 8.6 8.7 8.3 8.3 8.8
Cig:0 5.0 2.9 2.8 2.9 2.6 26 2.9
C18:1 350 376 37.8 37.8 378 379 37.8
C18:2 28.4 30.1 30.2 30.0 30.7 30.6 30.0
C18: 2(CLA) 185 19.4 194 19.4 194 19.4 19.3
C18:3 0.6 0.5 05 0.5 0.5 0.5 0.5
C20:0 0.6 0.4 0.4 0.4 0.4 0.4 04
C22:0 0.4 0.3 0.3 0.3 0.3 0.3 0.3
Saturated 175 124 12.1 12.3 116 11.6 12.4

37.6 879 87.7 83.4 88.4 87.6

6o
[}

Unsaturated 82.:
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Table 25. Fatty acid composition of liquid fraction after solvent fractionation as
affected by ratio of partially hydrogenated soybean oil(fatty acid form) to

acetone at -20C for 24hrs

Methyl esters (% by weight)

Fatty acids

Unfractionated 14 1:6 1:8 1:10 1:12 1:14
C16:0 11.5 3.3 3.0 3.5 3.2 3.3 4.3
C18:0 5.0 05 0.4 06 0.6 0.5 1.0
C18:1 35.0 417 42.0 419 418 42.0 41.7
C18:2 284 325 326 321 325 321 312
C18:2(CLA) 185 21.3 21.3 21.2 21.3 21.3 21.0
C18:3 06 0.5 0.5 05 0.6 0.6 06
C20:0 0.6 0.2 02 0.2 0.2 0.2 0.2
C22:0 04 0 () 0 0 0 0
Saturated 175 4.0 4.2 4.3 4.0 4.0 55
Unsaturated 82.5 96.1 95.8 95.7 96.0 96.0 94.5
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Table 26. Fatty acid composition of partially hydrogenated soyhean oil resulting

from single and double solvent crystallization as affected by temperature

during 24hrs

Methyl! esters (% by weight)

Single fraction

Double fraction

Fatty Unfractio- -20C -70°C -207C liquid — -70Caystalline—-207C
acids -70C
nated
liquid crystalline liquid crystalline  liquid crystalline  liquid  crystalline
C16:0 115 3.8 158 15 12.0 2.0 75 7.2 16.0
C18:0 5.0 2.9 80 0.3 5.3 05 2.1 19 7.8
Ci18:1 35.0 38.0 36.8 289 376 31.8 379 378 38.2
C18:2 28.4 29.7 20.2 48.3 25.3 447 325 324 18.2
Ci8:2
185 194 17.3 19.9 184 20.0 19.2 19.8 18.0
(CLA)
C18:3 06 05 0.3 1.1 04 1.0 0.6 0.5 0.3
C20:0 0.6 0.4 0.8 0.1 06 0 0 0.2 0.8
C22:0 04 0.3 0.6 0 04 0 0.2 0.2 0.6
Sat. 175 12.4 25.2 1.9 18.3 25 9.8 95 25.0
Unsat. 825 87.6 74.8 98.1 81.7 975 90.2 90.5 75.0
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Table 27. Fatty acid composition of the liquid fractions of partially hydrogenated
soybean oil resulting from single-step fractional crystallization in acetone

as affected by temperature for 24hrs

Methy! esters (% by weight)
Fatty acids

Unfractionated 20T 57T -10 C -20 C -70 C
Cl6:0 125 12.1 117 10.0 7.6 20
C18:0 6.6 5.1 46 36 2.2 04
C18:1 38.3 39.1 385 40.1 40.6 355
C18:2 16.6 172 175 19.3 21.6 314
C18:2(CLA) 24.6 25.1 254 26.4 275 30.2
C18:3 0.1 0.1 0.1 0.1 0.2 0.2
C20:0 08 0.8 0.8 0.2 0.1 0.1
C22:0 05 0.5 0.5 0.3 0.2 0.3
Saturated 204 185 17.6 14.1 10.1 2.8
Unsaturated 79.6 81.5 82.4 85.9 89.9 97.2
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Partially hydrogenated soybean
oil triglycerides (PHSO-TG)

20T

-70TC

Fraction | ]} 1H

Fig. 35. Fractional solvent crystallization sequence for separating PHSO-TG
into three fractions. Samples were double-step crystallized from

10%(w/v) solutions in acetone at the temperatures indicated for 24hrs
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Table 28. Fatty acid compositions of the three final fractions of PHSO-TG resulting
from double-step solvent crystallization as affected by temperature during

24hrs

Methy! esters (% by weight)

Fatty acids
Unfractionated  Fraction | FractionlI  FractionIll

C16:0 12.5 19.6 9.2 2.5
C18:0 6.6 22.1 3.1 06
C18:1 38.3 29.5 409 35.8
C18:2 16.6 7.9 19.2 30.0
C18:2(CLA) 246 17.8 26.6 305
C18:3 0.1 0 0.1 0.2
C20:0 0.8 1.6 0.6 0.2
C22:0 0.5 15 0.3 0.2
Saturated 204 44.8 13.2 35
Unsaturated 79.6 55.2 36.8 96.5
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Partially hydrogenated soybean
oil triglycerides (PHSO-TG )

| -70 "c|
S L
| 70 C
l |
S L
I | -20C I
S L
1 | 20cC l
S L
|5C
{ |
S L
|5%¢
[ o
S L
Fraction | 1] 1] v

Fig. 36. Fractional solvent crystallization sequence for separating PHSO-TG into
four fractions. Samples were multi-step crystallized from 10%(w/v)

solutions in acetone at the temperatures indicated for 24hrs
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Table 29. ‘Fatty acid compositions of the four final fractions of PHSO-TG resulting

from multi-step solvent crystallization as affected by temperature during

24hrs
Methyl esters (% by weight)
Fatty acids
Unfractionated  Fraction I Fractionll  Fractionll ~ FractionIV

C16:0 12.5 23.1 20.7 8.3 2.3
C18:0 6.6 50.2 10.0 2.4 0.7
C18:1 383 14.6 36.1 40.8 37.0
C18:2 16.6 0.9 9.2 20.2 288
C18: 2(CLA) 24.6 7.6 216 210 30.2
C18:3 0.1 0 0 0.1 0.2
C20:0 0.8 1.8 1.3 0.3 0.1
C22:0 0.5 1.8 1.1 0.2 0.2
Saturated 20.4 76.9 331 11.2 3.8
Unsaturated 79.6 23.1 66.9 88.8 96.2
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Partially hydrogenated soybean
oil triglycerides (PHSO-TG)

|5¢C

FractionV vi il il

Fig. 37. Fractional solvent crystallization sequence for separating PHSO-TG
into four fractions. Samples were multi-step crystallized from 10%(w/v)

solutions in acetone at the temperatures indicated for 24hrs
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Table 30. Fatty acid compositions of the four final fractions of PHSO-TG resulting

from multi-step solvent crystallization as affected by temperature during

24hrs
Methyl esters (% by weight)
Fatty acids
Unfractionated FractionV  FractionVl FractionVll FractionVll

C16:0 12.5 2.4 8.9 20.0 19.0
C18:0 6.6 0.6 29 94 62.6
C18:1 38.3 356 414 36.5 10.1
C18:2 16.6 30.2 19.2 9.8 0.4
C18: 2(CLA) 24.6 30.7 26.7 220 4.8
Cl18:3 0.1 0.2 0.1 0 0
C20:0 0.8 0.2 0.6 1.3 1.6
C22:0 05 0.1 0.2 1.0 1.5
Saturated 20.4 3.3 12.6 31.7 84.7
Unsaturated 79.6 96.7 87.4 68.3 15.3
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partially hydrogenated soybean
oil triglycerides (PHSO-TG)

-20C

-70C

Fraction | i 1]

Fig. 38. Separation sequence for PHSO-TG using double-step fractional
crystallization in the presence of Ag’. Samples were crystallized
from 10%(w/v) solution in AgNOQs; saturated methanol/acetone

(70/30) at the temperatures indicated for 24hrs

- 130 -



Table 31. Fatty acid compositions of the three final fractions of PHSO-TG

resulting from double-step solvent crystallization in the presence

of Ag"
Methyl esters (% by weight)
Fatty acids
Unfractionated  Fraction I  Fraction II  Fraction HI

C16:0 125 16.0 13.8 2.3
C18:0 6.6 119 46 0.4
Ci8:1 383 34.9 35.3 429
C18:2 16.6 119 23.1 29.0
C18: 2(CLA) 24.6 23.0 221 25.0
C18:3 0.1 0.1 0.2 0.1
C20:0 0.8 1.2 06 0.3
C22:0 05 1.0 0.3 0
Saturated 204 30.1 19.3 3.0
Unsaturated 79.6 69.9 80.7 97.0
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Table 32. 0%, F3H, AR A% 710F Arkel Wl

N4 171€ 274 3704 4704 5704
o 0.05 0.19 0.23 0.31 0.38
T3 0.06 0.2 0.26 0.33 0.38
AR 0.05 0.22 0.28 0.35 04
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Table 33. W5+, &8+, WA/ A% 7130%F HAIstE71e] As)
1754 2744 34 474 5714
0.51 1.33 1.89 2.29 2.22
041 1.23 2.01 2.11 2.31
0.51 1.11 2.22 2.10 2.33
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Table 35. viobzbel 2o dnt
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R o}u] 01 # 7} g}
A 7h 0.23
L7} 5l1.2
10.0TC 44.8
2117¢ 23.0
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33.3C 10.3
3787 5.1
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aEY AF 4 24
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SR SERER L
A 7} 0.33
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SFC (%) 26.7TC 17.2
33.3TC 10.8
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