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MESSAGE FROM THE VICE-CHANCELILOR

[t is my great pleasurc and
honour to welcome all of you for lLatc
Professor Sivapathasuntharam Mageswaran
Memorial Lecture -~ 2017 this alternoon. We
were indeed fortunate to had Late Professor
Sivapathasuntharam Mageswaran, onc of
the most important pioncers of the
University of Jaffna.

IIc has taken immense interest and devoted his life for the
improvement and up grading the standard of the faculty of
Science especially of the Department of Chemistry.

I1c was virtually single handed took up the challenges that
confronted him with fortitude and courage. lle always takes
appropriate action to maintain the student disciplinc and had been
the role model to many Academic Staff.

I am happy that Professor Alfred A. Christy is delivering
thec Mcmorial Lecture. He will speak to us on the topic. “lcat
induced Isomerization and auto oxidation recactions of C18
unsaturated fatty acids in cdible oils”.

I thank Profcssor Alfred A. Christy for accepting our
invitation and delivering this lecture.

Prof. (Ms.) V. Arasaratnam
Vice-Chancellor
University of Jaffna, Jaffna
17.02.2017



Edible oils and Fatty acids

I'rying and deep frying in the cooking process of food is universe
and has become one of the important methods in preparing food in
all cultures. The process is carried out usually in cdible oils such as
olive, coconut, soya, sunflower, peanut oil, palm oil ctc. An
overview of the world consumption of different edible oils is shown

inlablec 1.

Table 1. World consumption of edible oils[1]

Edible oil wagd.consumpbion
in million metric tons

Palam 41.31
Soybcan 41.28
Rapesced 18.24
Sunflower 9.91

Pcanut 4.82

Cotton sced 4.99
Palam kernel 4.85

Coconut 3.48

Olive 2.84

Iidible oils are triglycerides (‘I'riacylglycerols), esters of glycerol
and fatty acids (FFig. 1). The fatty acids in edible oils can contain [4-
20 carbon atoms (Table 2). Edible oils contain saturated and
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unsaturated fatty acids in varying quantitics. Among unsaturated
fatty acids, fatty acids containing 18 carbon atoms can rcach up to
95% or more in certain edible oils (Table 2). The unsaturated fatty
acids include mono-unsaturated oleic acid (18:1 9c), poly
unsaturated linoleic (18:2 9cl2c) and linolenic acids (18:3
9cl2cl5c). All these unsaturated fatty acids arc found in cis-
configurations in nature. During frying, thesc fatty acids undergo
isomerization, oxidation, polymerization and decomposition and
the degree of transformation through these processes depend on the
stability of the unsaturated fatty acids in the triglyceride molecules
[2-6].The oxidation rates of linoleic acid and linolenic acid are 10
and 100 times faster than oleic acid respectively. The frans isomers
produced during frying process arc unhcalthy and has been linked to
the risk of coronary heart disease [7-12]. The chemical compounds
produced during frying are toxic and unhcalthy [ 10].

O

O\(ﬁ/\/\/\/\—/\—/\/\/ Me

O

Fig 1. A triglyceride molecule containing three linoleic acid

molecules
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Fig. 2. Unsaturated fatty acids containing 18 carbon atoms

Table 2. Concentratiom of C 18 unsaturated fatty acids in

vegetable oils

Composition of unsaturated C18
Vegetable oils fatty acids in vegetable oils (%)

18:1(9¢c) [18:2(9¢c12c) (90115‘(;31 50)
Coconut 5.4-8.1 1.0-2.1 0.0-0.2
Palm 36.7-40.9 | 9.4-12.1 0.1-0.4
Corn 24.6-42.2 | 39.4-604 | 0.7-1.4
Pcanut 36.4-67.1 | 14.0-43.0 | 0.0-0.1
Olive 55-83 3.5-21.0 0.0-1.5
Soybcan 17.7-25.1 | 49.8-57.1 5.5-9.5
Safflower sced 8.4-21.3 | 67.8-83.2 | 0.0-0.1
Sunflower 13-40 40-74 0.0-0.3
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This articlc looks at the chemical (auto oxidation) and isomerization
rcactions taking place in C18 unsaturated fatty acids in edible oils
during heating.
General auto-oxidation mechanism
Fatty acid oxidation goes through three steps namely Initiation,
propagation and termination

RH

|
Initiation { Abstraction of H atom
Initiators (UVIight, 'O;, melal catalysts,
heat, etc.)

v
= R (lipid free radical) ——> Termination

|02
v
Propagation ROO" > Dimers, polymers,
cydic hydroperoxides,
hydroperoxy compounds
k RH —— [ Cleavage
& /l (
ROOH (Hydroperoxides) >  Aldehydes, ketones,
hydrocarbons
7
ROOR, ROR, dimers € RO’ > Keto, hydroxy and epoxy
compounds, elc.
Cleavage
v v v
Aldehydes Semialdehydes or oxo esters Allogd radicals
1 L :
l = | |
!
0; Condensation Hydrocarbons O,
|
| ,
v v
Hydrocarbons, Alkyltrioxanes and dioxolanes Terminal ROOH

shorter aldehydes, '
aclds, epoxides

1

i

)
v

Hydrocarbons, aldehydes, alcohols

Fig.3. Generalized scheme for auto-oxidation of lipids [13]

04



Initiation:
RH ~O.—R + OH where Rl is any falty acid
R +0Q,—-+ROO-
R- is a free radical formed by removing a labile hydrogen

from a carbon atom adjacent to adouble bond

Propagation:

RO 2 ] » S

SR BEE i RU

ROO!! is 2 hwdroperoxide, one of the major initial oxidation

s thizt dooommpose o form compounds responsible for off-
secondary products include hexanal,

o s ST
AWVOrs Znd QOOEIIs. Snonm
penizne] andmelonzl |-..-.-'.

Terminaton
R +R—RR

Isomerization and suto-oxidationreactions in oleic (CI18:1 9c)

The monoe-unsaturated fatty acid containing 18 carbon atoms with a
double bond a1 position 9 is called oleic acid (Fig. 2) and the main
fattv acid in olive oil. Reaction pathways lcading to different
products during heating of oleic acid arc shown in Figures 4 and 5.
The possibilities for the formation of reaction products arc: 1) the

cis double bond can simply open up and rotate freely along the 9,10
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C-C bond and intraconvert to a frans double bond, 2) with the
opening of the double bond and hydrogen transfer, the double bond
can migrate in both dircctions from the 9 -10 position and form
scveral cis and frans isomers of the 18:1 fatty acids, or 3) the
molccule can undergo oxidative fission at different positions of the
carbon chain back bone. The first step in the fission reaction is the
formation of a hydroperoxide at carbon number 8. The molcculce is
then cleaved by homolysis into alkoxy and hydroxy radical (IFig. 2).
The alkoxy radical then undergo —scission of C-C bond on cither
side of the oxygen containing carbon atom. The scission lcads to
alkenes, aldehydes, aldehydic acids, alcohols ctc. This process can
continuc with some of the molecules formed due to the migration of
the double bond in the glyceride molecules or 4) exchange of
hydrogen atoms can lcad to saturated and poly-unsaturated fatty
acid moictics in the system.

olelc acid 18:1(9) olelc acid 18:1(9)
H H
[N o T S
CHy(CH»)e-CH-CH —= CH-CH ~{CH:),-COOH  CHi(CH:)e-CH-CH=FCH-CH - (CH:1,-COOH
; 0 9 g8 1049 8
J b
| 9
CHy(CH;)g»CH=CH~CH,~CH+(CH:)s-COOH CHy(CH;)s-CH,-C == C - CH ~ (CH;}5-COOH
10 9 g 10 | 8
18:1(10) acid 18:1(9) elaidic acid

Fig. 4. lllustrations of bond migration and cis-trans isomerization
in 18:1 fatty acis molecule
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CHaCH -1 -CHE CHCH ~(CH 2 -COOH
10 0., R

CHaOH - CH «CH - = CH-CH =(CH;),-COOH

1O O I (s
‘[0”‘” hydroperoxide

YEToy

CHaOH )-CH -CH== CH-CH 'I‘l('H;';.-(."OOH

) 0ea? ‘cl). alkoxy radical
7 N }
cleavage at x OH

CHACH 4-CH, -CH=CH: CH —(CH:1.-COOH
I
/ f ‘O H 0. l

CHUCH)-CH, -ClE= CH, CH.(CH.)CHL -CH==CH. 0 i CH ~(C11:):-COOH
1-decene o
CHuCH: -CH, -CH- CH=0
1-decanal
X ¥
CHU(CH:).-CH,-CH=CH-CH l((?H De-COOH
& % (l) alkoxy radical
/ BN ]
cleavage aty O-H
4 W
CHy(CH»)s-CH,-CH=—=CH-CH HO—(C} 13)s-COOH
% i
0.

6-hydroxy heptanoic
acid
CH«(CH:),-CH, -CH=CH- CH=0

2-undecenal

Fig. 5. Auto-oxidation in 18:1 futty acid molecule




Isomerization and auto oxidation reactions in linoleic (C18:2
9cl2c) fatty acid

Linoleic acid has two double bonds and Linolcic acid in
triglycerides isomerizes into 9¢12t, 9t12¢ and 9t12t fatty acids.The
cis-frans isomerization can be cxplained by a radical mechanism
shown in Iig. 6. The double bonds are relatively in the middle of the
molccule and this gives equal probabilities in the formation of 9¢12t
and 9t12c isomers. However, heat induced isomerization slightly
favours the formation of 9t12c. The chain length after the double

bond 12-13 is smaller compared to the chain length after the double

bond 9-10.
O

— = \/\/\/’\)‘k
e TP e AR K L OH
11

Linoletc acid (9c12c)

Fig. 6. Radical mechanism for the isomerization reaction
o

1 12 10

9 |
R S N e ‘\\/W“\.-/\'m
1
Linoleic acid (9¢l¢)

i o
ad 10 9 |

AN S A s A ~OH

1 1!

Pcllt

12 10
D SR ey N T S e SO e SO
11 L
O
91l le
b §
O
17 15 1 11 ? b s ] f o
N AN \/_\/\/\\/\v"\\m
13 16 14 n 10 s ° 4 )

1t

Fig. 7. Cis-trans Isomers of linoleic acid
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Formation of Conjugated Linoleic Acids (CILAs)

Apart from the cis-trans isomers of linolcic acid, isomers of
Conjugated Linolcic Acids (CLLAs) and isomers duc to the migration
of double bonds in linolcic acids can also be formed during heating

of vegetableoils [12,14].

Conjugated linoleic acids (CI.As) are natural components found in
animal products such as mecat and dairy products derived from
ruminant animals. Conjugated linolcic acids have gained
considcrable attention in recent times because of their health
benefits [15-31]. The conjugated isomers in milk and fats arc
gencrally found in trans/cis, cis/trans and trans/trans forms. There
arc scveral conjugated linoleic acids present in milk and fat from the
cud-chewing animals. Out of these 9c1 1t is the dominant conjugated
linoleic acid. The CLLA isomers such as 9cl1tand 10t12c¢ can also be

found in hydrogenated vegetable oils [32].

i 9¢cl2¢ 18:2

R,

only rearrangement i / \only rearrangement |
XN

a) 5 X - /\N\/\R
101121 18:2 ' 9tl1c 18:2
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n,/\/\/\/\a,
10112t 18:2
RI=(CH2)COOH

R2=C4119

9¢l2¢ . ]
—_—— R R
Ry\/—x—\/n! Rr |m ?

b) l

9tilt 18:2

Fig. 8. Mechanism of formation of CLAs from Linoleic acid

During frying linoleic acid forms a series of CLA isomers. The
mechanisms proposed by Destaillats and Angers [33] can well be
used here to explain the formation of CLAs from the 9¢12c¢ fatty acid
moieties in the triacylglycerol molecules. Conjugated 9tl1t and
10t12t fatty acids are formed as primary products through cither (1)
a free radical chain reaction mechanism or (2) an intramolecular
[1,3] sigmatropic rearrangement mechanism. In the first mechanism
a bis-allylic hydrogen at C-11 can migrate to C-9 or C-13 to form
9t11t and 10t12t fatty acids. The steps involved in the mechanisms
are shown in Fig. 8. From these primary products, all the isomers of
CLAs are formed through a series of positional isomerization and
[1,5] sigmatropic rearrangements. These isomerizations are shown
in Fig.9. The conjugated linoleic acids that are formed in the heated

oil are small in concentrations with total frans,frans concentration
predominating in the mixture.




9¢l2¢, 912t
1
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Peire] [verne [ut 1) e— [10c123

10t12¢} [10c)2¢c
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|7c9t[ ]7(5(‘] 719t

Fig. 9. An isomerization tree proposed by Christy [12] showing the
Sformation of CLA isomers in the heated Linoleic acid

Auto-oxidation of linoleic acid

Linoleic acid has two double bonds and thereforc has
several oxidation points in the molecule. The oxidation of linoleic
acid produces additional mixture of aldchydes besides several
shorter fatty acids, keto, hydroxy or epoxy compounds.Oxidation
linoleic acid and other -6 fatty acids yicld well defined compounds
2,4-decadienal and 3-nonenal from 9-hydroxy linoleate, hexanal
and pentanal from 13-hydroxy linolcate and 2-heptanal from 13-
hydroxy linolcate. 2-hexanal, 2-octenal, 2,4-nonadienal, 4,5-
dihydroxydecenal and 4-hydroxy-2,3-trans-nonenal (4-HNE) are
frequently found in heated vegetable oils. Among the aldehydes that
arc formed during the lipid oxidation 4-HNE is most extensively
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studicd. The 4-hydroxy 2-nonenal (HNE) is a highly toxic and most
abundant stable end product of lipid peroxidation.It has been
implicated in the tissuc damage, dysfunction, injury associated with
aging and other pathological states such as cancer, Alzheimer,
diabetes, cardiovascular and inflammatory complications. The
mechanism of formation of this compound involves several steps
starting from I3-hydropcroxy-linolcic acid (13-HPODE) (Fig. 10)
[34]. ooy  13HPODE

§\ N, /(CHg)a‘CQQH
N NV
Hy Cs

OH
= ,(CHz)s-COOH
H..cs/wv 2%

o

McCHIJS-COOH
Hy Cs

o |
N — CH,)e-COOH

\\‘// \\\\\4/( 2/6
H,Cs

/_\W (CH3)g-COOH

OH QOH
HjCs
(0]

CHO
Hucsm

4

;
|

Fig. 10. Mechanism of formation of 4-IINE JSrom 13-hydroperoxy-
linoleic acid (13-HPODE ) [34]
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Isomerization and auto oxidation reactions in linolenic (C18:3
9cl2cl5c) acid

The linolenic acid molecule isomerizes into 7 diffcrent
isomers during heating. The isomers arc 9tl12cl5c, 9cl2tl5c,
9¢cl2cl5t, 9t12t15¢, 9cl2tl5t, 9tl2¢15t and 9t12t15t. The
concentrations of the isomers formed depend on their nature. The
concentrations of the mono frans isomers 9¢12c¢15t, 9t12¢c15¢ and
9¢12t15¢ are different with relatively higher proportion of 9¢12c¢15t
compared to 9t12c15c and 9¢12t15¢. Reason for this differenee in
proportion is the relatively casy free rotation of the C-C bond
between carbon numbers 15 and 16. The C-16 in methy! linolenate
molecule contains smaller —~CH,CH, group compared toC-9 which
contains a longer chain of methylene groups. The free rotation of the
C-C bond between carbon number 15 and 16 is easy compared to
free rotation of the C-C bond between carbon number 9 and 10. This
leads to the formation of relatively higher concentration of 9c12¢15t
compared to the isomer 9t12c¢1 5c¢.
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ig. 11. Cis-trans isomerization path ways leading to mono trans
isomers of linolenic acid

The concentration of 9c12t15c¢ is very much low compared
to the concentrations of 9t12c15¢ and 9c12c¢15t. This is because of
the difficulty in rotation of the C-C bond between carbon numbers
12 and 13. Both carbons have larger groups and free rotation about
the bond is difficult. The energy needed for the rotation of the bond
between carbon numbers 12 and 13 is higher than the energy needed
for rotation of the bonds between carbon numbers 9 and 10, and 15

and 16. Therefore, the proportion order is as follows 9¢cl2cl5t >
9t12c15¢c>9c12tl5c.
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‘The same argument should Icad to explain the formation of
9t12¢15t from 9cl2clSt and 9tl12cl5c. The concentrations of
9c12t15t and 9t12t15¢ arc low compared to 9t12¢15t. The isomer
9cl12t15¢ forms both 9t12t15¢c and 9¢12t15t isomers with higher
proportion of 9¢12t15t isomer. The isomer 9¢12t15¢ forms from the
Ot12c15¢ and 9cl2cl5t isomers with relatively small activation
cnergy compared to 9t12tlSc and 9cl2t15t isomers. The
isomerization taking placce in linolenic acid can be well illustrated by

an isomerization cube shown in IFig. 11.

9M2cISc o, 9t12¢151
] b |
v
9cl2el5e > vel2elsr vV
912t IS¢
91 2tISt
v
g 1
Ocl2tl5t

Ycl2ilSe

Fig. 12. An isomerization cube showing the isomerization
pathways of linolenic acid

The oxidation of linolenic acid produces various
compounds depending on the location of the hydroperoxyl group.
Thus, 9-OO0I1 linolenate gives 2,4,7-decatricnal and 3,6-nonadicnal,
12-00I1 linolenate gives 2,4-heptadicnal and 3-hexcenal, 13-O01
linolenate gives 3-hexenal and 2-pentenal and, finally, 16-OOI

linolenate gives propanal [34].

Scveral other compounds are formed via less known mechanisms
such as butanal, 4,5-cpoxy hepta-2-cnal, 4-hydroperoxy hexenal,
4,5-dihydroxydccenal and 4-hydroxy-2,3-trans-hexenal (4-

HHE).
15
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/_\/_CHCJ
H;C \

4-HHE

Fig- 13. Molecular structure of and 4-hydroxy-2,3-trans-hexenal
[34]

All unsaturated aldchydes undergo further changes by auto
oxidation. The hydroperoxyl aldchydes give shorter chain
aldechydes. Onc of the shorter chain aldchydes of great interest is
malonaldchyde (MDA). For example, 12-hydropcroxy linolenate
may undergo a cyclization followed by an oxidation forming a 5-
membered epidioxide as major product. The cleavage on cach side
of the cndoperoxide leads to the formation of MD
A .Malondialdehyde isreactive aE'd_P(thentially mutagenic.

e\ Ny

l +LH+02

,O"‘O ' OOH
AR

=
O
e

NS

O
C

H H

ADA

Fig. 14. Mechanism of formation of MDA from 12-hydroperoxy
linolenate
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Activation cnergies for the isomerization reactions in C18
unsaturated fatty acids and stability of vegetable oils
The activation energics for the isomerization rcactions arc
shown in Table 3. [t appears that the oleic acid is more stable than the
other two polyunsaturated fatty acids. However, cach of
theglyceride molecules in vegetable oilsusually contain three
different fatty acid moicties and determining the stability of a
vegetable oil based on its activation energy is difficult. Furthermore,
when the oil is heated in the presence of oxygen the auto-oxidation
process starts and the oil starts decomposing. Therefore, the stability
consideration of vegetable oils must be based on their smoke points.
The smoke points vary from oil to oil. Data with smoke points of
different vegetable oilsare given inTable 4.
Table 3. Activation energy for the isomerization reactions in 18.3
unsaturated falty acids

Activation ener
Compound (Kcal/mol) &Y
Oleic acid 41.0
LLinoleic acid 39.0
[.inolcnic acid 24.7

‘Table 4. Smoke point of vegetable oils

Vegetable oil Smoke point
Safflower oil 265°C
Rice Bran oil 260°C
Soybean oil 230'C
Peanut oil 230°C
Clarified Butter 230°C
Corn oil 230°C
Sunflower oil D75.C
Scsamc oil 1752210°C
Butter 175"C
Coconut oil 175°C
Extra virgin olive oil] 165-190°C
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Choicec of vegetable oils for frying purposes

‘The smoke point table clearly shows the type of cooking oil
one should choosc for different frying purposes. Extra virgin olive
oil has a low smoking point and should not be used for medium
temperature frying. Olive oil should only be used for low
temperature frying and other cold food preparations. It is also clear
from the table that most of the oils are only suitable for medium
temperature frying.

Whatever oil is chosen for frying purpose, the oil is going to
undergo several chemical reactions and going to accumulate a
cocktail of chemical compounds that can be toxic. At present, it is
difficult to determine the impact of all the chemical products formed
during frying on our health. Our life style has changed and we rely on
fastand convenient food. This facilitates the intake of toxic chemical
compounds.

Vegetable oils used for frying produces several hundreds of
chemical compounds after first frying and repeated frying produces
further decomposition and new chemical compounds that are toxic.
Reuse of frying oil should be avoided during cooking.



References

1. https://en.wikipedia.org/wiki/Vegetable _oil

2. Lder, S.R., 1982. The formation of Artifacts during
Dcodorization of fats and oils. Fette Sceifen Anstrichmittel, 84:
136-141.

3. Mjes SA(2005) Propertics of frans isomers of
cicosapentacnoic acid and docosahexacnoicacid methyl
csters on cyanopropyl stationary phases, journal of
chromatography A, 1100: 185-192.

4. Mensink RP, Katan MB (1990) Effect of dictary trans fatty
acids on high-density and low density lipoprotein
cholesterol levels in healthy subjects. New Engl. J. Mecd.
323:439-445

5. Zock PL, Katan MB (1992) Hydrogenation alternatives:
cffects of trans fatty acids and stearic acid versus linolcic on
scrum lipids and lipoprotcins in humans. J. Lipid Res.
33:399-410

6. Daush JG (2002) Trans-fatty acids: a rcgulatory update. J.
Am. DictAssoc. 102:18-20

7. Stender S, Dyerberg J (2004) Influence of trans-fatty acids o n
health. Ann. Nutr. Mctab. 48:61-66

8. Judd JT, Clevidence BA, Mucsing RA, Wittes J, Sunkin
ME, Podczasy JJ (1994) Dictary trans fatty acids: effccts on
plasma lipids and lipoprotcins of hcalthy men and women.
Am.J.Clin. Nutr. 59:861-888

9. Grandgirard A, Scbedio JL, Fleury J (1984) gecometrical
isomerization of Linolenic acid during heat treatment of

vegetable oils, JAOCS, 61: 1563-1568
19



10.

11.

13:

14.

15.

16.

17.

Christy AA, Xu Z, Harrington PB (2009) Thermal
degradation and isomerization kinctics of triolcin
studied by infra-red spectrometry and GC-MS
combined with chemometrics, Chem. Phys. Lipids, 158:  22-
31

Christy AA, Arachi SL ( 2016) Thermally Induced Cis-
Trans Isomerisation in Trilinolein Studied by
InfraredSpectroscopy and Gas Chromatography.
Advances in Natural and Applicd Sciences. 10 (4) 168-176.
Christy AA (2009) Evidence in the formation of
Conjugated Linoleic Acids from thermally induced
9t12t linolecic acid: A study by gas chromatography and
infrared spectroscopy. Chem. Phys. Lipids 161: 86-94.

Shahidi F, Wanasundara PKIPD, Wanasundara UN (1997)
Journal of food lipids 4(3), p.199-231

Destaillats F, Angers P (2005) Thermally induced
formation of conjugated isomers of linolcicacid. Eur. J.Lipid
Sci. Technol. 107, 167-172.

Parodi PW (1996). Milkfat components-
possible chemopreventi veagents forcancer and other
discases. Aust. J. Dairy Technol. 51,24-32.

Belury MA, Vanden Heuvel JP(1997) Protection against
cancer and heart disease bythe dietaryfat,conjugated
linoleicacid: potential Imechanismsofaction. Nutr. Dis. Update
J.1,58-63.

Schrezenmeir J, Jagia A (2000) Milk and diabetes. J. Am.
Coll. Nutr. 19(90002), 176S—190S.

20



18.

20.

21.

R0
o

284

24.

25N

26.

Pariza MW, ParkY, Cook ME (2001) Thebiologically
activeisomers of conjugated linoleic acid. Prog. Lipid Res. 40
(4),283-298.

Scimeca JA, Miller GD (2000) Potentialhealthbene
fitsofconjugatedlinoleicacid. J. Am. Coll. Nutr. 19 (4),
470S-4718S.

Kritchevsky D(2000) Antimutagenic and some other cffects
of conjugated linoleic acid. Br.J. Nutr. 83 (5),459-465.

Thom E, Wadstein J, Gudmundsen O (2001) Conjugated
linoleic acid reduces body fat in healthy exercising humans. J.
[nt. Med. Res. 29 (5), 392—-396.

Voorrips LE, Brants HA, Kardinaal AF, Hiddink GJ, Van den
Brandt PA, Goldbohm RA (2002) Intake of conjugated
linoleic acid, fat and other fatty acids in rclationto
postmenopausal breastcancer: TheNetherlandscoh
rtstudyondict and cancer. Am. J. Clin. Nutr. 76 (4), 873-882.
[arsen TM, Toubro S, Astrup A(2003) Efficacy and safcty
of dictary supplements containing CLA for the trcatment of
obesity: evidence from animal and human studies. J.
Lipid Res.44(12),2234-2241.

Tricon S, Burdge GC, Kew S(2004) Opposing effects of cis-
9.trans-11 and trans10,cis- 12 conjugated linoleicaci donblood
lipidsinhealthyhumans.Am.J.Clin. Nutr. 80 (3), 614-620.

Lin Y, Ying C, Zhen-Yu C (2004) Stabilityofconjugated
linoleicacidisomersinegg yolk lipids during frying. Food

Chem. 86, 531-535.
Zulet MA, Marti A, Parra MD, Martinez JA (2005)
Inflammationandconjugated linoleicacid : mechanismso

21



27.

28.

29

30.

SilE

32:

33°

34.

factionandimplications forhumanh calth.J.Physiol. Biochem.
61(3)483-494.

Wang, LS, Huang YW, Sugimoto Y(2006) Conjugated
linoleic acid (CL.A) upregulates the estrogen-regulated
cancer suppressor gene, protein tyrosine phosphatasc
{gamma}(PTP{gamma}), in human brcast cclls. Anticancer
Res. 26,27--34.

Bhattacharya A, Banu J, Rahman M, Causcy J, IF‘ernandes G
(2006) Biological effects of conjugated linoleic acids in
health and discase. J. Nutr. Biochem. 17 (12) 789-810.

Kclley NS, IHubbard NE, Erickson KL (2007)
Conjugated linoleicacid isomers and cancer. J. Nutr. 137,
2599 2607.

Amart DI, Ficld CJ (2009) Conjugatedlinolcicaciddecrcascs
MCF-7humanbrcast cancer ccll growth and insulin-like
growth factor-1 receptor levels. Lipids 26,449-458.

Coakley M, Banni S, Johnson M.C, Mills S, Devery R,
Fitzgerald G, Paul Ross R, Stanton C(2009) Inhibitory cffect
of conjugated alpha-linolenic acid from bifidobacteria of
intestinal origin on SW480 cancer cells. Lipids 44,249-256.
Cawood P, Wickens DG, Iversen SA, Braganza JM,
Dormandy TL(1983) The naturcofdicneconju  gationinhu
manscrum, bilcandduodenalju ice.FEBS162,239-243.
Destaillats F, Angers P (2002) Evidence for [1,5] sigmatro
picrearran gementsof CLA in heated oils. Lipids 30 (4),
435-438.

http://www.cyberlipid.org/perox/oxid0009.htm (accecssed,;
13. January 2017)

22



S
FL
SR

4 atpdtipassiiic

[
Tl







Prof. Alfred A. Christy obtained his primary and secondary
education from St. Patrick"s College Jaffna. He entered then
University of Ceylon (Peradeniya) and obtained a Bachelor
degree in Chemistry (B.Sc., University of Peradeniya,
1976). The first position held by Professor Christy was as a |
Demonstrator/Assistant Lecturer in Chemistry at the
University of Jaffna in Sri Lanka (1976-1977). He then
moved to Nigeria, where he worked first as a teacher and then as senior master in
Chemistry at a local college (1977 - 1983) in Ondo State, Nigeria. He then moved
to Bergen, Norway. In Bergen, he commenced furthering his education at the
University of Bergen, while acting as a teaching assistant(1983-1987) and then as
lecturer at the Department of Chemistry (1987-1991). He was awarded a master
degree in Physical Chemistry in 1987 and Dr. Scient. Degree in 1990. He then
worked first as a research Scientist (1991-1992) and later as a laboratory
manager/research scientist in the FT-IR laboratory he built up at the department
(1992-1998). He assumed a professorship in Chemistry at the Department of
Chemistry, University of Agderin 1998.

Professor Christy has accumulated an impressive list of scientific achievements
during his career. He has published over 100 papers in scientific journals and
presented more than 90 lectures at conferences, institutions of higher learning and
industrial establishments around the world.

Professor Christy's international standing eamed him respect in his discipline and
this fact is clearly reinforced by his appointment in the "Research Proposal
Reviewer" for the National Science Foundation-Division of Earth Sciences,
Instrumentation and facilities Program, USA. Furthermore, Professor Christy has
been included in the"Marquis who's who in the world" and several other
directories from 1991onwards. He has also received several awards such as "Man
of the Year 1994", "20th Century Achievement Award (1995)" and several other
honours such "Five hundred leaders of influence in the world".

Prof. Christy has also been involved in International education as a Consultant &
Co-ordinator for students in Norway, training Science teachers in Uganda on
behalf of U.N.; serving in the scientific Committees for evaluating PhD theses
from Universitiesin Pakistan and as an adviser and visiting professor at the
University of Petroleum (Beijing) and Thammasat University in Thailand to name

afew.

°
'( Virus Printers Inuvil



