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Changes of Functional Components Present in Lipid Foods during Cooking

Eunok Choe
Dept, of Food and Nutrition, Inha University

Abstract

Lipid-based functional components present in foods undergo chemical changes during cooking. Useful n-3 and
n-6 fatty acids, phytosterols, tocopherols, and carotenoids are degraded by thermal cooking such as frying,
resulting in loss of their physiological functions. However, conjugated linoleic acid and diacylglycerols can be
formed during heating, which would be beneficial to the health. Degree of degradation and formation of the
functional components depends on the cooking method, cooking temperature and time, lipid matrix containing
the components, and the presence of other materials. Although it is clear that the content of each functional
component varies during long-heating in a model system consisting of small numbers of components, the real
foods cooked in a small scale for a limited cooking time do not show highly significant differences in the

functional components contents from raw food materials.

Key words: functional components, lipids, cooking

.

1. A

T

AE7IE0] WA 29 A5 o] FygP wet
P HY HAS ATetE A4 AP 1FY,
ABAE, G, BT 59 4G 3P0 Frstn 9
on old wat AZl W UG A9 #Y 2
H]gol A F7tstn o A4 L AFse
7158 AFAGLE AAAF oz JHF wEA Hsl
i en, §2 AF9 Mdd oNT AujAEL
HE 2t A7 A8 Q) (healthier and more-expensive)
FAXNEFE A58k QtkSloan AE 2005). A1E# A
Ao X el A 71547 & AT ATFE0l B
EEHD jlon, FANER FED Vs FEAE
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n-3 @ n6 ALA (Jacobsen C 2004, Gebauer S =
2005, Sinclair A & 2005), gamma linolenic acid(GLA;
Kapoor R 2005), conjugated linoleic acid(CLA; O’Shea
M £ 2009), diacylglycerols(DAG; Matsuo N 2005), 91%]
4, phytosterols(Moreau RA 2005), tocopherols, phenol
3138, carotenoids o] Utk Table 1). °o|& AHEE
4g9 27 1E F 874 294 959 e, 9
A e wob 1 J1¥4e FYAAY 5L 449
o gl F/HIAE Bk B Ak zalo] BE A
2 FEY VI8 WskE VedEY s53 wsE
SHeE gRIA FH

1. n-3 & n-6 X[Hat

WEAQ] 7158 AGAe2E 3 ABA]1 linolenic
acid(Ln), eicosapentaenoic acid(EPA), docosahexaenoic
acid(DHA)$} n-6 R4k linoleic acid(Lo)9} arachidonic
acid(An)7t 1tk o1& T Tl olFAFE 27 9]
& A 12823 AP Hpolyunsaturated fatty acids;
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PURASZ 2ol 98] 44 dstH9] 71548 44
. 28y ZEAzke] AFE =& 849 EEF
Aol A EAE 2A AF systemo] A& A
o] gxe® EAdE vd vhE systemo] H]3)
7Hgolu =2 F olE A4l Wsyt ax @i 343
e =8 AP FF/0 wE =

AgHAE BEAFAA Lost Lng FFHE o
g AELE, AZXFFNY 9 /144 g8y =
L A% 972 u FYALdo] wssted s

e 7Hg B %8 8749 9 2olst vk Acid
clay2 @M% B2 FVES @8R g2 VS
Hl&] Loz} 718t ZAE&E 2Pon(Kim I ¢ Choe
E 2005), & #7182 180°CHlA 40A17HS< /a9
o) Lo} 42%9) A 37% =2 %}ié}ﬁat}aﬁm I ¢ Choe E

2004). E 150°C g5F, €A, BN F5UE
30 THLE 24ANFR ‘?47‘2[410115 Ln3} Lo7b

gHeor FasALH, dFFAAE 81%0A 50%
2, $ANME 49%0A 35%2 Lno) #AFA L,
FlAE 16.0%914 83%=2 Lo} ZHA 815 tHChoe E
o Lee 1 1998). M7 5 9U4IM9 Lost Lng) 7
A FAY 71QARE org AF}E §AY stFLe
UF A4 Awatel &4 ¥ ofet §7 A%z A
48 FFE0] EHHAY SHHA /A F2E& A
AR a8y @S microwave oven(2,450 MHz) 2
R roasting & & F&3 Z71E3 unroasted 274 ol A
FET VIS A A Pl BAQll AWt
Zge] % zolE Holx Lt ow(p>0.05), 43.8-
48.6% BEY LoZ FSaYTHYoshida H 5 1995).
SIYBFE 2,450 MHz9] microwaveE 1087 714
3% Log Lng Woe wWsiE nold agn
(Cossignani L 5 1998). ©]¢} Z-o] microwave heating©]
TR AGT 2P {FIF FFL VXA g A
< 7FEAITEO] 208 o2 wj$ AFAHoIPY GEQ

R °i AZrEct.

9, F8 HAEL otUAW dgHg oz AVbeA
Y 1-9' AQFo 2 AF FFHA ds AR
A 2 AF9 _1-31 #}d F wsdd. &9
B, Audrf, 33T HE 3718 2R Bse

=
2,450 MHz®] microwave® 1587+ X349 L o
230°C conventional ovenoll A 4587t =@ slg L uf
of v I E WFH9 PUFA TFo] f9xeo=

rfo

ey 187

Yol(p<0.05) Y7}F ¥tE-E microwave ovend ©]-§
st =T 0 758 AL &40 B2 Re=
W} ey oH(Caponio F & 2003).

S5 AZ2E FASFE de A 9N 28 F
Fre) W e Be ASZ BauHT. 180°C &

Table 1. Functional components found in hpld foods
Components - Suggested functions

- reduce the risk of coronary heart dlsease
(CHD) and CVD(cardiovascular disease) via
antiarthythmic effects, decreased platelet
aggregation, and decreased triacylglycerol
levels

- reduce hypertension

- reduce the symptoms of rheumatoid arthritis

- play an important role in the brain, retina,
and nervous tissue

- decrease ulcerative colitis

n-3 fatty acids

n-6 fatty acid - lower total (LDL) cholesterol-lowering effect
- correct the symptoms of essential fatty acid
deficiency
Gamma - reduce the risk of heart attack and diabetes
linolenic acid - reduce the risk of rheumatoid arthritis/ acute
(GLA) respiratory distress syndrome (ARDS)
- prevent cancer
- help prevent/ treat atopic dermatitis
Coﬁjugat ed decrea.se body fat, body weight, and body
linoleic acid TS Mdex _
(CLA) . gw'e .anuc.a:cmogem'c, mtlaflleroge@c,
antidiabetic and antithrombic activity
Diacylglycerols - reduce body weight and body fat -
(DAG) antiobesity effect
' - may reduce the risk of cognitive dysfunction
Phospholipids  in the elderly
- decrease the lipid oxidation
- decrease oxidation and polymerization
- inhibit absorption of cholesterol and reduce
Phytosterols the risk of CHD
- decrease the risk of breast, colon, and
prostate cancer
- decrease the lipid oxidation
Tocopherols S ..
- show vitamin E activity
- reduce the oxidation and cancer
- act as a phytoestrogen
. - reduce the risk of cardiovascular disease and
Phenolic
cancer
compounds prevent hypertension and dementia
- enhance cognilion ability
- reduce wrinkle formation
Carotencids reduce the oxidation and cancer

- show vitamin A activity

Az 3sE A AP A SZ(2005)
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BRoA 387 panfryingdt B7] pattys &)
A Hl& n3, n-6 AAP4S YA 2 ol ?H’T%}‘Ri
Y, microwave oven®.E 387} Zagh
z2] A3 §9% #Ho)S Holx) hshrEcharte M
2003). 4:317] pattyE microwave ovenl & 387 X3
st9e o =2 Aol W n3, 16 APE FFo] ¢
82 ZasPAT n-6/ n-3 ¥EE WAL £}
R, panfryinge ZA 4317] pattyo] 9 n-6/n-3
NS fd¥ez ZAAZd(Table 2). wahA
microwave cooking® U= pan-fryinge] §-5F2] PUFA &
3E ol ity & & dnk gmrlE 2450
MHz$] microwave 2 2187 = 200°Ce] A7) grillef] A
1483 2ElEs § 2379049 old/tA 2 Anst
Ln, DHA 33o] zF4 819 th(Maranesi M 5 2005).
B4 A M BE A AdE hold 45
Lo, Ln 9401]5 EPA, DHA 59 7154 A
Fe AFAAD olF At

) 557 ok

E‘-.]‘_l_ 7] patty

off rr lo &

=

K<)

Table 2. Fatty acid changes in beef and chicken patties
(from Eschane M and others 2003)

beef . chicken
micro- fried in micro-- fried -in
L waved olive oil ~ waved  olive oil
MUFA 4.52° 441 5065 486" 517° 5.84°
PUFA 069" 049°  051° 129° 129" 1.40°
n3 006 004* 008 008 008 0.09°
n6 064 045 043" 1200 120° 1.31°
n-6m-3 1125° 1125° 537 15* 15°  14.56"

SFA, saturated fatty acids; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids.

Within each type of meat, different letters in the same row
denote significant differences(p<0.05) among cooking
methods.

e Ee ds

a8y A4 o8 4T 9&d 7 F o)E AW

9 Wes JlYwnE 3A g doE AAY

(steaming), 71 HS FEA FI panfryingstAY, &g

BS, Srpd, BE Zdf(partially hydrogenated
=231

vegetable ol)E F pan-fryingstRA-& W Ao AR
oMol zz] o wE EPA, DHA, Los}t Ln W3l W)
u] 5} THTable 3; Al-Saghir S £ 2004). 3] ® AL
£¢ 524 ¢I panfrying® doj= ) skx &
dole] At 23t A8 AolE AY Holx &
: 71%% T2 pan-fryingdt Aol AMES 7E
o wa} o]lE AWpite] wWElE FE7} dEbA,
AHE3E B oleic acid7l, SaHE AMES
2% Lo 3ol d& F7sgc a8y o58d A
A 249 dge zPAPd mE YU 4bsto]
ogt AF}o]7|Bh=(Table 4), AH&3 7] So] ol
dold ZAZ fAHA

dolE 180°C &YEF EE dFFIA
pan-frying®]-& wj XA Aoje] EPA FEFL2

487+
N

Table 3. Relative contents (%) of polyunsaturated fatty
acids in salmon fillets after various cooking (from
Al-Saghir S and others 2004)

Pan-fried Pan-fried Pap-fried.

Fatty ) : :
acid: Raw qu;out with with Steamed
' N Glive 011 com oil  phPO © ~
18:2 8.5 8.5 7.4 11.3 8.8 8.7
20:4 0.8 09 0.7 0.8 0.7 0.8
18:3 2.9 2.8 2.6 2.8 2.6 29
18:4 1.1 10 0.9 10 1.0 1.1
20:5 43 44 3.4 39 3.7 4.2
22:3 2.1 2.2 19 21 1.8 2.0
22:6 6.7 6.8 5.8 6.3 5.7 6.7
n-3n-6 1.8 1.9 1.8 12 1.4 1.6

“phPO, partially hydrogenated plant oil.

Table 4. Lipid oxidation parameters of the extracted salmon lipid (from Al-Saghir S and others 2004)

_ (mean * standard deviation)
% treatment” AV (mg KOH/g) PV (meq/ke) p-AV " CD(%)
raw 1.79+0.02° 2.00£0.25° 0.30+0.03* 0.39:0.01°
pan-frying without oil 1.24+0.01* 2.35+0.07% 1.13+0.22° 0.42+0.01°
pan-frying with olive oil 1.4340.08*° 5.70+0.70° 1.69+0.57° 0.390.01*
pan-frying with com oil 1.36+0.01° 3.75+0.35° 0.97+0.27*° 0.40+0.01°
pan-frying with phPO 1.5420.03" 2.60+0.09° 1.60+0.42° 0.42+0.01°
steamning 1.53+0.05 1.95+0.11° 0.50+0.04* - 0.40+0.01°

“* Different letters in a column indicate significant differences (p < 0.05).
AV, acid value; PV, peroxide value; p-AV, p-anisidine value; CD, conjugated dienes. phPO, partially hydrogenated plant oil.

I HFGH A A21E A 55(2005)

- 744 -



=

YA And} Lo: F71stiti(Table 5). 12|\ DHAS]
FF Aol9) panfiying AFo] FIG Aol Ro|
A g3tk AolE & E{E FEI3L 200°C ovendl| A
3043 roasting® Z L= pan-fryinge} vl ZFFol
#AZEHJ oY WHZol ¥ :A JYegen DHAE
pan-frying@t Aol d=2A |YsA SR
(Echarte M & 2001).

BoIElE 2R Fol A 483F pan-fryingsHA L}, pan-
frying$ -20°Coll ] 4797 WEE F A 70°C
conventional ovenolj X 1987+ A71E6AY, T pan-
frying¥ -20°Coll Al 4 €7 W& F thA] 2450
MHz2] microwave ovenolA] 6%7F 7tAste} A9t
Z4E Had A7 22T Y5 FA8 9y At
Fgol wEt Agite]l Moz AnHn S
B AFUTHCastrillon AM F 1997). Folgl& & BEH
2 pan-frying@ 224 Ln, An, EPA, DHA 59 7154
ARt FFo] gadrh. = frying F JEIHY
A7tEE A= panfryingdt Fojzlol nls) ol&
At Ggko] 9l ow conventional oven® T} micro-
wave oveng AHEste] AUt A9 FaZzol FHo
(Table 6).

FojgldA AE, U, ¥y 52 AA
fillete] Zgols 3 v Ago] TAHJYEY

r_!‘)_lg
o
rlg

Kok 2 I FFE 2Pl W gl Zol

Table 5. Fatty acid contents (g/100 g fat) of salmons

rlo

e 189

AP HTable 7; Garcia-Arias MT 5 2003). 3] olive
G A pan-frying3t FojE] filleto] A oleic acid ko]
A Z7bstged oA 7HE e g% Fold
AR Wsv) ol A o) 2 AHoA &3]
el fryingR-9F AAAROllA] X FHo]  a(fat
exchange)® WE] Aoz AAHAD 2 E Folg
fillet& W%3 & conventional oven} microwave oven
o2 AEFEE = 2 Yl wg} ol 7ey
At gdFol FYsHA @A microwave ovenQ 2
A7 filleto] thslAl= filletd oven-baking3l ¥l 7
7t grillingR 8 Fg-o) vE 7188 AW S3F
o] &skrk a# v} conventional ovenl & A 7FE$H
o= Wil dado] FRHAGD olAL x|
BE T AZtEEEel Fold fillet] FFE 7]
Apate] ¢k g dFE FI USE Ak A
o EF Table 7904 R wie o] Yy A7t
FPEe FuFoz FAEsta Ao xSA &
d8d AT E microwave ovenlZ FHFAlI|= 2
conventional oveng AR&sl= Al u¥ld] AWt =
W37} 7 tHGarcia-Arias MT 5 2003).

Are ARE Do) FHHL UA= EA Lo, In
3 2o BRARE FFol WiwH ot YFHon:
S5 AFoth AFAEe DE FHOE 5% B=Y

o

)

%, off %
o B ool

(e}

)

ox Jo R

Table 6. Fatty acid composition (%) of sardine after
cooking and storage(from Castrillon AM and others 1997)

Panfried,
frozen, and
reheated by
_microwave

FLEREG L Looven

Cl4:0 6.09:0.04° 2441004 237+003°  1.89+0.03°

h. C16:0 19.6120.17* 14.18+027° 15.60+0.04° 14.55+0.01°

Coil Cl6:1  6.80+0.06° 2.81:031° 2.62+0.81° 2.66+0.01°

16:0 10.92°° 12.32° 11.77% 10.25° C18:0 3.98+0.06° 3.57+0.09° 3.50:0.03° 3.41x0.01°
16:1 537 475" 443 3.90° C18:1 10.77+0.03 51.07+060° 54.04+022° 5825:0.06
18:0 2.01° 2.62° 2.58° 2.09" Cl18:2  1.33+003" 421+009° 3.97:004° 4.41:001°
18:1 11.41° 13.49™ 12.27* 14.56° Cl183 497003 226:004° 221:000°  1.86:0.00°
182 2.89° 3.80° 5.20° 4.96° C20:4  755+0.05° 3.39:006° 29540.01°  2.46+0.01°
18:3 0.88° 0.55° 1.33° 1.35° M0:5 12441005 4.75x0.05° 3.95+0.35° 2.94:001°
20:4 o.1r 0.15° 0.14° 0.18° C22:5  1.63+0.03° 0.81:0.09° 043+0.00°  0.40+0.00°
20:5 8.75° 7.83° 7.35° 5.34* C22:6 1692+0.08° 8.02:0.05° 567+001° 5.17+0.01°
22:6 8.76" 8.9 8.59" 10.51° SPUFA 45.28+0.16* 23.67+0.15° 19.37+0.34° 17.42+0.04°

Different letters denote significant differences among
sample(p < 0.05) for every parameter.

- 745 -

2 Values in the same row bearing a different following letter
“are significantly different(p<0.05) by Duncan’s test.
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AZE FHFA doH o] F 65% FE7} Logt In
ot A|FXE 28 F&= 202%5¢+ blanchings} A 5
£ steamingdHes FolE A 2L ¥HYE W
& HolA gkoKChoe E & 2001) A 71E =
g AIFAY At 24 4FE FA Ao
Z Baq,

o] 43 Zo] Lo, Ln, EPA, DHA
n-3, n6 F9 71544 ALt
A8 FFo] EolgA v

= Jd4#% 58 Add =3
g FFo YN E= & &4
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2. Conjugated linoleic acid(CLA)

CLAE Lo9l X o] JAER AFAN = dHE cis9,
trans-11(9¢, 11t) o] A7 23 10, 12¢ o]AAE A E
3 4e 23 e AoE A Yk Martin J-C
¢l Valeille K 2002). Lo2¥H CLAY} AAHE 7|1A
2 free radical AH¥r-S 7] A intramolecular [1,3}-
sigmatropic rearrangement 2 AHHTHFig. 1-2; Destaillates
F $ Angers P 2005). 1&x AAEL 9t 11t 10t,
‘12t 59 trans, trans FEj Q] CLAO|H o]Eo] 200°CY
AN By Aulde S Oc, 119, Ot llo),

)y
=

(10t,12008] ©)3AEE BATIL 0l T [LS]-
sigmatropic rearrangementol] €J3} (8, 10c), (10c, 121),
(1ic, 13) 59 Tgd CLAE A4 edriFig. 3).

Ha YL £(1989)& 9-&-(aw milk)ol] 340 ppm F %
385 CLA7} pasteurizationo] £]8} & Ho] 283
ppml 2 ZAFE Hilste CLAE 7t & &3]
2L 29 FAYG /HE o1 FH $f HEEL
M= CLAZF HZASAJXTHLIn H F 1999), 22 A
=9 CLA FF A2 TFS TG vhiang | &
1997). E=9t 948/ EAF, curd® cooking &%=}
molding 255 X 29 CLA §Zd TS FA &
o}, df 7HAR2 AxT 54 A= CLA FFol
Z+zt 8.6+1.6, 84+15 mg/g fato]l e} (p>0.05). &}
& Az A3 starter?] F{H= X =9 CLA =4

PES

o
o fel@ dFE Foe ASAE AW W A
(Gnadig S & 2004).

Shantha NC £(1994) 417185 Tgad wyos
Za % & CLA 3F¥ WsE AHEYEH, broildt
beef steak= raw meat(5.8~6.8 mg/g fat)ol] ulaf <7t
We 9o CLAG9-T6 mgg fa)E FRAT o
pan-frying, baking,
microwaving®] WHOE Zel@ B9 raw meato] u]3]

ground beef vpattyE broiling,

Table 7. Fatty acid contents (g/ 100g wet weight) of raw, fried, oven-baked and grilled sardine fillets (from Garcia-

Arias MT and others 2003)

Cooked, frozen, and reheated by

Cookeiﬁ*ozen, and reheated by

Fatty -acid- = Raw = : Cooked * conventional oven' - " microwave oven
F 0 G F 0 G- E. .0 G
Cl14:0 0.94a 0.49Aa 0.85Ba 0.89Ba 0.48Aa 0.89Ba 1.20Cb 0.49Aa 1.23Bb 1.03Cc
C16:0 3.03a 3.01Aa 2.89Aa 3.18Ba 3.19Ab 3.13Ab 4.04Bb 3.74Ac 4.12Bc 3.55Cc
Ci16:1 1.05a 0.60Aa 1.04Ba 1.04Ba 0.60Aa 1.14Bb 1.34Cb 0.68Aa 1.40Bc 1.16Ca
C17:.0 0.19a 0.10Aa 0.17Ba 0.16Ba 0.05Ab 0.14Ba 0.18Ca 0.05Ab 0.19Ba 0.14Ba
C18:.0 0.61a 0.76Aa 0.65Ba 0.61Ba 0.71Ab 0.66Ba 0.79Cb 0.88Ac 0.78Bb 0.64Ca
C18:1 0.22a 10.8Aa 1.62Ba 1.72Ba 11.0Aa 1.54Bb 2.08Cb 15.0Ab 2.18Bc 1.81Ca
Ci18:1 1.66a 0.08Aa 0.23Ba 0.21Ba 0.00Ab 0.20Ba 0.23Ba 0.00Ab 0.20Ba 0.14Cb
Cl18:2 021a 0.89Aa 0.20Ba 0.22Ba 0.81Ab 0.22Ba 0.27Ca 1.13Ac 0.30Bb 0.25Ca
C20:0 0.24a 0.17Aa 0.24Ba 0.20Aa 0.13Ab 0.16Ab 0.24Ba 0.16Ab 0.27Bc 0.23Ca
Ci18:3 0.77a 0.48Aa 0.62Ba 0.91Ba 0.45Ab 0.66Bb 1.10Cb 0.48Aa 0.96Bc 0.79Cc
C20:1 0.50a 0.24Aa 0.49Ba 0.48Bab 0.21Ab 0.41Bb 0.52Ca 0.20Ab 0.52Ba 0.42Cb
Ci8:4 0.07a 0.05Aa 0.00Ba 0.09Aa 0.05Aa 0.05Ab 0.08Ba 0.05Aa 0.08Bc 0.06Ca
C22:1 1.12a 0.69Aa 091Ba 1.39Ca 0.58Ab 0.99Bb 1.61Cb 0.60Ab 1.37Bc 1.27Cc
C20:5 1.92a 1.01Aa 1.98Ba 1.99Ba +  0.81Ab 1.55Bb 2.07Ca 0.75Ab 1.88Bc 1.55Cc
C22:5 0.25a 0.17Aa 0.25Ba 0.27Ba 0.09Ab 0.17Bb 0.22Cb 0.10Ab 0.22Bc 0.19Cb
C22:6 2.61a 1.70Aa 2.42Ba 2.84Ca 1.16Ab 1.96Bb 2.40Cb 1.33Ac 2.68Bc 2.50Cc
F: pan-fried with olive oil, O: oven-baked, G: grilled

A (with réspect to cooking method)

FF 2 88 A A2W A522005)

a (with respect to reheating method)

- 746 -



A cis-9, cis- 12 18:2

Rmn‘
H W
Re ,RO-
RH,ROH
NN - NP A 2.0 8
R R ¥ ! Ay R,
H R
e R
/\/\\/\/\
Rz/\/\/\/\ﬂ, Ry R,
trans - 9, trans- 11, CLA trans - 10, trans- 12, CLA
RAy={CH,);CO0H
Ry=Catla

Fig. 1. Formation of 9, 11 CLA by free radical chain
reaction mechanism (reprinted from Destaillates F and
Angers P 2005)

CLA & Z7t39ou £eldsh ground beefs] 219
A E@onenesyo] WE CLA F29 olg Hole @
A7) AATHTable §). 22t CLAZE A FA o)
W FBg fan N 2DD 171 Yol B FB(e
meat) BAZ EAFW A4 PAde Wiges B

g d= 2 donenesso] Wt spAlE 9l )
F@F Aoyt yElg 2wz zawy 9
doneness$} CLA HAFS {93 p<0.05) TAE et
WAt 7] jE 257}t 60°Ce) rare B 0H= 80°CQ)

well-done patty7} ground beef 1 g@ CLA -§Fo] =

gter ol 2y £ bakingol 2m7l0A 717 B
2 CLAZ 843t

Table 8. Conjugated linoleic acid concentration in
ground beef patties cooked by varions methods (from
Shantha NC and others 1994)

 Cooking 1111 ;mm’al mtm Yield T(‘;‘fgllgctf' Total CLA
method 0 % (g of

; L @ (%) faty (mgfg of m)
iy 60 157 738 6.7 105.0
ymg 80 171 577 74 1268
. 60 176 790 8.1 1423
Baking o) 203 616 75 152.0
- 60 182 837 66 1199
Broiling ¢ 180 563 7.3 1316
Microwavi 60 163 747 72 1174
ng 80 158 709 82 129.6

Internal temperature of 60 and 80°C represents rare and
well-done state of cooked ground beef, respectively.

~ 747 -

tlo

do

1’91'

cis-9,cis-1218:2

trans - 9, trans - 11 18:2 trans - 10, trans - 12 18:2

R(=(CH,)sCOOH
Ry=C4Hy
Fig. 2. Formation of 10, 12 CLA by intramolecular [1,3]-

sigmatropic rearrangement (reprinted from Destaillates F
and Angers P 2005)

Q11
VNN
10 9
N e o 1h '-H/\ 9 1ic
FE/\/\H u SH h___r\‘
l_.e_l it g F{I

15- sgnutropic reagangenery
1,5- Sgmiropic reamangenert

10

B NN AR B N
0 8 e s R

Fig. 3. Formation of CLA from primary conjugated
products (reprinted from Destaillates F and Angers P 2005)

B 271 E 2450 MHz9] microwave® 2187 &
= 200C9 A7) gillold 14827 235498 9 CLA
F2 raw meat] HE| 27 109, 123%2 Frteldle
W 53) o, 11t 9c, 11t CLAV} K984 &7 a8
(Table 9). &8} Fai7]9] Zael wl& CLA §o
FAF Zole LRAHA LA Maranesi M § 2005).

Ahn MS $} Woo N (1998)2 =Y<L 2lg 44
Table 9. Conjugated linoleic acid (CLA) contents (mgfg

fat) of raw and cooked lamb rib-foins (from Maranesi M
and others 2005)

CLA isomers. » = ‘Raw :f,

Broiled
trans9, trans-11 0061 0.070 0.078
cis/trans-9, 11 3.20 3.35 3.28
cis9, cis-11 0,037 0033 0,032

#22AAGHA A21R A 55(2005)



12 FANES 23
A BHE CLABES RIaYEd, Fojsh nET
Sl & A4 B8 CLA o) BAT 209 2
e Z2AQT YAG B 29F Fo) & A
o WS CLA 9ol 27t 2, 129] Z7}abichTable
10).

CLAE %9 29 2 A2FF0M Y= 3
® ZPgel Wl % A FoHo] Y= CLA
Fe UE Aoz uIAHJG Wy AFoAle

CLAd 93 7154 Wsi=
g Roj}.

Ze) el ohe} s ook

3. Diacylglycerols

DAG: B4/ ge)Bfel 47 95, 55% 5 A&
A Ao 10%744) 98 ALY EoZ(D Alonzo RP
S 1982), 1,2-diacyl-sn-glycerol(1,2-DAG) <} 1,3-diacyl-sn-
glycerol(1,3-DAG)9] 2% e)7} glom AL{A M=
1,3-DAG7} & o]lf1 JtMatsuo N 2005). DAG+
lipase 59 Fa& EE /Mgl 93] TAGIH Bajso
B8E + 7168 FELZ 28 F9 dsgle) o
g AT Holrt.

Table 10. Conjugated linoleic acid contents (ppm) in
raw and cooked fishes (from Ahn MS and Woo N 1998)

Flsh L "Broiled Boiled Wlth
Herring 132 371 34
Mackeral 77 277 75

Spanish mackeral 1,040 1,068 2,039
Mackeral pike 357 50 414
e Total lipics

@ Triglycerides

i\
Tk F F & £ X

1
k\.
£ B

&

=
K<

» Free fatty oclds
¥ 1.3-diglyeerides

-

7154 %9 wsl
ST EFE 2450 MHz2] microwaveZ 714sA Y
= 30°C2 714st9le W DAG e &
7t 2k p<001), 714
UehA
= 2002).
Y= DAGE <F 200 mg 100 g St e,
microwave oven®. 2 7}E AU FL& F£AF T E7)
& A ASFL microwave ovenl 2 71G8H-E w DAG
o] Z71tHoH DAG FEFL 7HEAITo] =718
of met F7tslvkFig. 4; Yoshida H ¢} Kajimoto G
1988).

Aol o
G} HCossignani L = 1998,

4. Phospholipids

AAAE gih-gth AE, JdHE Ag, QoA
Hz 29 o2 #4449 H]tﬂ’é! A4t diester SHEE
2 BAFEANA AR AAHER %Xﬂ
22 =2 -%E]E%E_ A 9} 5haL
Gk et gRG GAelAE
& % 9ok olxw FYSL gl
2EAT gor £8 9AY T
| amino7], hydroxy7], C{l)&ﬂ 5L Z3 Qomzm
g A2 T 7 & A3 59 e d@ss
7] 41 tHPryde EH 1985).

#7159 AR FRGF2 AZPEdd oet g%
o], 2,450 MHz2] microwave ovenollX] roastinggt 7l
FE% UIEL JFEAEEA] e IARY

e AxA FEel At

zl 7

r l

2l

¢

I

F

13

it

& L2-diglvcerides
+ PMonoglycerides

i ._.4..._.—-0-‘-"’/‘ e ot o "M
B ‘.__.,_i_..—ﬂw [ g
E 00 st Gpom— i, m'a—ao——o-——t}-m%%_ G :o——cr——-b——a’ﬁoh_m‘_‘c‘
g ok = wwok

= N

% o - NACOOORRARAL % ANOOOOOTRE
= ;33 26,35 molsture 1z 49,7% moigture
-
B
-

A

& Py

Atl a

1 5

| O T S I I I

boded ik (R ot TR R I T N

13
&

i
g 1 bt 2

L i
b2 4

]

i1z 0 2

5 8 4 6 & 10 12

Fig. 4. Changes in soybean lipid components at different moistures during microwave heating
(reprinted from Yoshida H and Kajimoto G 1988)
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2

microwave heatingel] 9J%t 7] JAZS El&= /M4
Azl A4S FAARL, A SR B A
o]& X phosphatidylethanolamine>phosphatidylcholine
>phosphatidylinositol =02 Ra&Est st L
Hu A28 AR A 549 AL 942 2 &
=o) ¥TE 9Fe WAX YyThFg 5 Yoshida H
5 1995). QA FZ F amino growpel W71F
A &4 8= tocopherolo] Y sesamoldl] 44 HAAE
FAstE Ao AAZY Ea 9 FAAF AGHNU
THYoshida H = 1995).

7Y AR S §79 ezl g&f 2 FFol
F7Htg e, 718 o) A% SHAANY FR T
27 BrAow Jidsgrt guslE 160°C ovenol
A broilingdt Ay 1 kg/c:m2 FHLSF pressure cooking
& BE QAR FHFE 2] 1 gF 567 mgellA A%
9.85, 885 mge 2 Zrlslgon, 2P FarlY F
8 gFL F#A 735%°] uls] broiled mutton I}
pressure cooked muttonol Al Z+2zt 559%, 63.4%% T
819 tHKowale BN 5 1996). X2 W Zzd 4¢3
AE 1 g9 ARF FFS XA, broiled, pressure
cooked meato] 4] Z+z} 0214, 0223, 0.242 mgo) )Tk

7, o]9= ¥l E Tomioka F$} Morioka M(1992)
2 EA EAstE AXAo) 8ol sl EsEH,
microwave heating®] conventional heatingo] ¥}&f QA2
¥ EA7F e AL BuS btk

ﬂ_?_l;

5. Phytosterols

AERN{AL A 1% BEY sterolS TFH3alH 2
EAol &A3ste phytosterolo} &} R &
Phytosterol 2 triterpene A|@Z A EA| oA free form,
fatty-acyl ester,

sterol &

hydroxycinnamate steryl ester, steryl

=X
L

s 193
glycoside, acylated steryl glycoside®] Fej= FEA)3th
(Fig. 6; Moreau RA 2005). &3] WA == phytosterolo]]

A

= campesterol, sitosterol, brassicasterol, stigmasterol,
avenasterol =o] 9th

Phytosterol & FZ Fol <o|5Z4%E 21
e 232347 u@7tA R 7+HE, ionizing
B4, 895 o) 5o oal A7) Aok
Ase BS99

reaction® 2, hydroxy, keto, epoxy SF{E F&

RemF
radiation,
2H g
7AA1= = free radical chain
A3

Free phytosterol(free OH at the 3 carbon)
(Sitosterol)}

"

\/\/\/\/\/\/\/\/\C/O
¥

el
Steryl fatty acid ester
(Sitosteryl stearate)
HCw=CHCOO'
GHOH ¢\OCH3
O -

QH o Hydroxycinnamate steryl ester
{Sitostany) ferulate)
Steryl glycoside
(Sitastery(8 - U -glucoside)

i
0,
R N T Vv
\cH2
@)
OH 6n

Acylated steryl glycoside
yi[6 -0 yi]B - D-g

Fig. 6. Various forms of sitosterols

1004

80

CUR

404

204

£8
&g
® =

1M ‘unroasted
2113 16min
/A 8 30min

Fig. 5. Changes in phospholipids of the oils prepared from sesame seeds roasted in a microwave oven

(reprinted from Yoshida H and others 1995)
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194 ~ FANEY 29 3 759E 9%

. 180°C°1] A 7485 stigmasterol S Ak3le} QR A+38}5] o] tocopheroxy tocopherol(TED) H= tocopherol-
9)5ld hydroxy, keto, epoxyIFEE A =H 5-yl tocopherol (TBD) 5¢] dimer =& timerE A&
(Table 11; Lampi A-M 5 2002), sterol?] FH A3} & THFig. 7; Kikugawa K & 1990). &, tocopherolo] 7}
AP E] FFe 7FEALT sterolo] EAFHE Al F A3F 0 phenoxy radicalS BT F, WA ringe)
|, sterol®) FRHol Wl @xit) Stigmasterol®] ©AA] A& EE ortho XA ME couplingd Ak EF&
2R A QA7) AR Wl keto 3FE0) phenoxy radicalo] phenylmethyl radical2 Aujgd *
F8 AP EQ  vHE, rapeseed oilol EASE couplingel 93} dimerE APSE A= AdHANT
sitosterol 3} campesterol2 7}9 £ 32 epoxy SIFES (Kikugawa K 5 1990). Tocopherol2% €] TED7} A4
A3 8t B HLampi A-M 5 2002).

7bgel <93t phytosterol?] Ak} £E = o]Eo] &x) HC R
8t lipid matrixo] wat x}o]S WA, bulk sterols] A Ho )
HolA R FAUe] &A1 W AsiETr) dgrom i

CHy

H,C
OlAL KA At} npAIAZ Fylo o Ho o Ho o
3 JZFH9 u)lg(area to volume ratio)o] AA] A9} HC o HoC 0" R

< - 3 CHy CHy
9’] leéol ‘ﬂﬂﬁ}ﬁ“/\‘] ?‘1]“?‘ 7]?16}'\‘: 7}19—3 Xﬂ ?}Q% a - Tocopherol 5 -(a ~tocoperol - 5-yl)- & — tocopheroi{a - TBD)
THLampi A-M £ 2002). 28y @7 &A= lipid
matrix®] ST} sterole] A& T HAE FF L
o tallxe ob3 g4ls] g A Fghoh HaG
Phytosterol®] ©)FZAF e Fart AVtE X3 eE
Q) stanol®] hydroxy groupo] A|Hbito] €= A HO o
o2 AZY stnol esters AFY HE F 2 wEES mj” D
W2 gov], HE AFY pH WM serole] ¥ b
ZhpRE Ee A4St g Aggol & HoltkSalo 8 - Tocophera! o ITED
P S 2005). A Oy ho L o_n
o] CHs
H,C. HO
6. Tocopherols HeC o H
tocopherol 2 #lE FZo hydroxy group@} methyl Q:;‘{Ha OHH mes o e
3 R Hgl
group®] X &E chroman FEAZ 7] terpene side CHa CHy CHg ik
chaing Z3 o). gukA © 2 tocopherol e WH4, 7t ¥ - Tocopherol ¥ TED v oTRD

E3E, SEER F F2 ABYRA FaH 9

o 24 #ANE A FHH UAHChoe E & un ~e ous

2005). F-Ao) FHHA tocopherol S %8 £3) 1G4z E Fig. 7. Dimers formed by the oxidation of tocopherols
(reprinted from Kikugawa K and others 1990)

-— —H—.
R: (CH2)s @H(CH2)s ¢€H(CHz2)a € CHs

Table 11 Formatlon of stlgmasterols ox1des (mg/g) upon heating at 180°C (from Lampi A-M and others 2002)
iy G , . Oxidation products. of stigmasterol ‘
7B,—0HJ: 50, 6a-epoxy 5B, 6P-epoxy  7-keto

nd. nd. nd. n.d. nd nd.

7 6 9 14 “ 2 43

30 min 18 24 17 30 28 6 123
l1h 27 37 28 50 44 12 198
2h 20 32 29 47 50 1 189
6h 7 21 25 33 51 8 145

"nd.. not detected.
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g es 195
Hy FE% tocopherolo] FEAsh= W Al2EIQ) gAhel Frte B3 Eo] ¥ls] microwave heating
TAGY FF/ wWet FASA 2eA, tilaurinol A (2,450 MHz)ol &jste] A Eh=HA}t. Microwave
TED7} 748 @o) AR YA triolein, trilinoleing] 4 heating o 93 EIFHEY BEHE&EEE 5-<B<y-—<a-
A2 YetiKikugawa K 5 1990). 18 tocopherol tocopherol =0} 1THYoshida H 5 1991).
2Y€9 TBDY MAHL TAGY ZH9 ZHsIgch Microwave heating ¥ o}2} conventional heating
7H9 & EZAEY Asle] o8] AMAR  tocopherol A EFHEES FAIY, BHEEE EFNEY 2]
dimer= tocopherole]] wls] 71do) tha} ¢ T Holm Erot 2SI EXSAYRE gHEo] e {AoN &
2 ME3 #X MW EIES gAlstd o= A= < A%E B KFg. 8 Barera-Arellano D 5 2002).
AshA gEg £PE £ QoY wEgw E g4 GE7lQR olvg AEE H e FBAAE /A
AAEY. B, $A9 A5 AHEQ H9E & o GHHo] Qe EALE ¥AGAH 1 LAsEL
dl=lo] MAH alkoxy radical 2 tocopherole] &<l ox9 =89 Y wE XolE BT ¥3IA
phenoxy radical® WSste) addiion products® AA WA FFol ¥ WEHG SFEFREGE BIHE
71% sted o] 4422 vey E 842 B8 43 7b G2 coconutf Ex E B folx ZaE EZH
w2 715E 23 3R $rkiGardener HW S 1972). 29 ¢o] BthKajimoto G 5 1989). ZAE 175°C
A= A 1 g@ 500 mg BXE9 tocopherolo] 9] virgin olives, siutel714, vegetable shorteningol A
SEo] 1oyt 2450 MHz9) microwave 2 roasting®t HAsts A, panfryingo] deep-fryingell 8|s] E |
d EaEo] a3 @Fe] #A8Y,  atocopherolo] -, 9| E3E FZA)Z tHAndrikopoulos NK & 2002).
6-tocopherolo]] Hla] wWa] Ry FA FA
. _ _ Table 13. Tocopherol contents(mg/100g) changes in
=3 ¥ & o
A2 EIAEY R Sxo MnE 4FE "AAA vegetable oils by microwave heating (from Yoshida H
%ttHTable 12; Yoshida H & 1995). Microwave and others 1991)
heatingll 2]3} tocophercl®] &&= tocopherole] Zxj &}t Exposure Tocopherol Vitamin
r o o Oil time p E
= 3 systemfjl g8 FFE& Lotx dFf{, ST (min) Boaim. 8 ol ety
* fFEY PUFA &Fo] W42 LIHfod E7t o 0 nd nd 5875 062 5937 588
2 5 SitiTable 13; Yoshida H 5 1990, Yoshida H & L nd nd 2664 047 27.11 267
foseed ) 0d nd 1652 046 1698 166
191). 2 A Al A7td Essge 3 20 nd nd 12.11 0‘45 12.55 1'21
oa dold AnE Jehiri® e, 1ard(59.5% 0 523 064 5519 1540 7646 1122
EX3Agiho] JArtE ExmuEo] 2X(550% B Sovbean 490 0.62 5280 1520 7652 10.64
oy 12 445 060 51.13 1432 7050 1001
Table 12. Tocopherol contents (ng/ Kg oil) in the oils 20 320 0.60 4520 1420 6323 8.16
prepared from sesame seeds roasted in a microwave 0 1722 nd 5723 202 7647 2296
oven (from YOShld H and others 1995) C 8 1585 nd 5320 1.83 70.88 20.65
Seed . Rox : Tocopherol A om 12 1372 nd 5295 147 68.14 19.03
-color eI a Sy ) : "Total 20 1001 nd 4536 141 5768 1546
Unroasted 52 468.5° 12.2° 485.9 0 13.80 nd 200 nd 1580 1400
Black 16 3.8 4599° 12.0° 475.7 Oli 526 nd 132 nd 5.58 5.39
30 < 10°  4182° 8.9° 427.1 Y¢ 12 236 nd 106 nd 142 247
Unroasted 62" 5179° 13.6° 5377 20 nd nd 08 nd 085 0.09
Brown 16 5.8 4932° 11.8° 510.8 662 nd nd nd 6.62 6.62
30 12°  4528° 8.2° 462.2 Pal 393 nd =nd nod 393 393
Unroasted 38" 497.8°  205° 5221 am 2 268 nd nd nd 268 268
White 16 32°  4853° 17.2% 505.7 120 145 nd nd nd 145 145
30 < 1.0° 4310 12.0° 443.0 Vitamin E activity is calculated according to McLaughlin and
* Values in the same column with different following letters Weihrauch, and expressed as mg a-tocopherol equivalents/100
are significantly different from those for unroasted seeds g oil
(p<0.05). nd: not detected.
- 751 - S22 HeE A #2178 AS55(2005)



196 FALEY x2 &

EG FRAE deepfiying & W= HAR7 ekl
Q1 B$-7} virgin olive T vegetable shorteningQl 7
S8}, panfrying® w= virgin olivefoll 71 sfule}
71l B} tocopherol®] a7t A Itk(Fig. 9-10).

AN
o N\ X

N
Tk

3
e, e,
% \\\ T ENNM
E ao i %’:‘% \xd.’:»
- S N
S 40 Ny
§ N ‘
g 20 - .
Lo .
0l
0 2 4 8 8 10
Heating period (b}
@ Palm dicins Ay Oliveoll il High olsic sunflower o

-3¢ High Snokeic sunflower of A Saybean Of —+— Rapesesd Of

Fig. 8. Tocopherol losses in natural oils heated at 180°C
(reprinted from Barrera-Arellano D and others 2002)

{278]

g

| MVOO derp frying |
{OVOO pan frying ;

g 8

% Retention
o 8 8

Fresh 1 2 3 4 5 6 7 8
Successive Frying Sessions

5251 VS deep g

100 :
8VS pan frying !
% e
2 _____________
& 40
®
20
]
Fresh 1 2 3 4 5 6 7 8
S Frylng S
100 1339 {WSNO deep frying |
:0SNO pan frying |
3
£ 60
g ________
£ 40
R
20
0
Fresh 1 2 3 4 5 8 7 8
8 Frying

Fig. 9. Retention of a-tocopherol during frying of potatoes
(VOO, virgin olive oil; VS, vegetable shortening; SNO,
sunflower 011, reprinted from Andrikopoulos NK and others
2002)

Asgee ds

Potato chip®) B4 5 FH ARl Ex13H= tocopherol &)
B3 4&E = a-tocopherolo] B-, 7 -tocopherolol] Hl& F
9t 1K Gordon MH ¢} Kourimska L 1995), 7ol
rosemary extract(0.1%) F3= ascorbyl palmitate(0.02%)<
A7 gozn EIHES BHE AAT 5 U o]
u} rosemary extract”} ascorbyl palmitateo] v]3] E |
2 B oA adrst 4 EohTable 14; Gordon
MH ¢} Kourimska L 1995).

H2 AF9 AAHEe 97 T A8 FREHA

Table 14. Number of frying operations in rapeseed oil
before the tocopherol level falls by 50% (from Gordon
MH and Kourimska 1. 1995)

Additive | Togwherdl
a0 0B Y
No 4-5 7 7-8
Rosemary extract(0.1%) 9-10 11 12
Ascorby!l palmitate(0.02%) 8 10 10-11
100 < 118! WVOO dsep fying

/OVOO pan frying |

80
[
e
£ 80
s 1Bi-B.-B-B-m--m -~
£ 40
20
0
Fresh 1 2 3 4 5 6 7 8
S e Frying S
711 {MVS deep frying |
1eo {01V pan frying

% Retention

% Retention

Frying S

Fig. 10. Retention of (B+ 7 )-tocopherol during frying of
potatoes (VOO, virgin olive oil; VS, vegetable shortening;
SNO, sunflower oil; reprinted from Andrikopoulos NK and
others 2002)
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A tocopherold] Eafio]l FFS Zo}. Chicken stripo]
methylcellulose(MC) A15 3= hydroxypropyl methylcellulose
(HPMC) E15E€ RER7}F9 4oJA coatingdt A}, MC
AdM E+= HPMC EAMY 1% 29 °ﬂ chicken strip&
92 ¥ HIAJIFEE breadingdt AU, T s na
7+ 29 breading & ¥ 160°CQ) %’f—:"‘°°ﬂ’\1 HARE
o, coating@ chicken stripS H3I BZGolA coating
3tA] 3L breading§ chicken stripS HAW 7|2 A
Xt} tocopherol®) &7} HE AL RPtKTable
15; Holownia KI & 2001). o]u} coating E&9 =F 9
coating Al&A %= tooopherol 2o 4L Fo] MCE
chicken strip& coating ¥ ¥ 287} 2 breadingdt A
EE HA 71804 tocopherol £8)71 71 Aok

Aol FF5o] & tocopherol AolE AL
(12 min), 7]§& F2X ¢ 180°Co A panfrying, &
dBF, 2558 partially hydrogenated plant oil
€ FE€ F panfryingslg e o x2 Ad wig dix
Fastg oy, zEidd BE @09 EIdE o
8 #9¢ Aol Ueldx E3tthTable 16; Al-Saghir
S = 2004).

o)} ol EmAEo] z7] F A3}y
A HER E 848 94AY Ashixn
AT AR Za)
AlZro]l 18] A=A
®elr}

.
=

o)
274
of

7. Phenolic compounds

H =S¥ EL benzene rings) hydroxy groupg 3+ 7)
ol 7H7l SFEZ |A radicald] $42E ZTgos
A A9 ASE AAsY, NEH §A9 253
4 < tocopherol o] o] E HEsFEo 717
AAol ZAst= phenol S FEo=  vanillic acid,

rlo

2 197
syringic acid, gallic acid, p-coumaric acid, ferulic acid,
sinapic acid, caffeic acid5¢] phenolic acid, flavonoids
2 o]£9) glycosides, lignans 50| Ut} o1& F diy
2o HUEL UL YT Qo) VY BAE W2y
HTEU Ade ggehe 288 & Y I
8] =&tk S dFE HE3FEL oil phaseRth
defatted flakeol] Jvﬂcﬂ ol =& %@ A =
AR §ANAE Rokry] ¥k Tu G
A& —iréé}il HoE FAFFE AXNA &
H=stdEol TR #
slerg el = 1 7)o et
Lignans 2,3-dibenzylbutane-2 7] FZHo =2 =
dlphenol SEZ((Fig. 11), F71EH flaxseed oilo] ©}
= ghg-5lo] gitkPokomy J €} Parkanyiova J 2005).
AE 7ME 5 hgnan 3HeHE-] Fg el A= 727
Foll 3tF-Ho] = sesamol, sesamin, sesamolin®] 7-¢
E AYstae Bol ¢3A dA gvh £ F)
1B°CAA 7t o Pad HREY FYe

O] -
AE

ol

Xorr _&% tlo rlr 4l
of
x
Jo

o
2

=

0l

Aol AE¢E HEonm EJ] sesamolin® A7t 5
SERATHKIm T 2003). T7H55 wWEd & B2 3]

Table 16. Tocopherol contenis (mg/100g fat} of salmon
fillets after various cooking (from Al-Saghir S and others

2004)
Tocoph
Cooking method °°°7p erol ;

Raw 18.1+1.1°  12.7+0.1*° 0.50£0.01°
Pan-frying without oil 16.6+1.2° 123414 0.51£0.07"
Pan-frying with olive oil  16.6+1.2" 10.8+0.6"° 0.41+0.04°
Pan-frying with comn oil  159+1.8" 158+1.8° 0.61:0.01°
Pan-frying with phPO 16.8£1.1* 10.8+02* 0.40+0.06°
Steaming 162+1.4" 13.3+2.1* 047+0.06"

* Different letters in a column indicate significant

differences(p < 0.05).

phPO, partially hydrogenated plant oil.

Table 15. Tocopherol losses (mg/ 100 g oil) in peanut oil used for frying 6 batches of chicken strips coated with edible

film (from Holownia KI and others 2001)

Coating method Tocopherol -

: . - a ) Y b
None -0.88+0.66 0.02+0.03 1.26+£0.05 0.02+0.02
HPMC E15 In breading 0.62+0.18 0.02+0.03 0.53+0.51 0.08:0.09
HPMC E4aM Before breading 1.01+0.67 0 0.43+0.44 0.01+0.01
MC AlS In breading 0.87+1.07 0 0.96+0.21 0.02+0.03
MC A4M Before breading 0.32+0.28 0.01+0.01 0.92+0.55 0

HPMC; hydroxypropyl methyl cellulose, MC: methyl cellulose
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i

2

4E

o

=S

% 559 EF594 #4448 o H3A59 Had
BEE FFS FAsoy EA&SEE HARA &
A EAste EZAE $¥d 23S FAE RH F
AcHTable 18; Chung J 5 2004). 874 = HAFAA
9] glagdd Bile EIFE Ha&zrt MEFE 2
aste, 4%9 HY T E:AE] JadY oS
JAE 7Hedol AAHAU

H1E3 2ol AALE, AAEY, AR §F o7 =
ag ggEo] AF FES= FSe 28, 44
9 g SAFEE sintelrlgol F7hska 180°CoAlA
7tEstg &= AAMEC] AAMRIE AAERAC] dis)
wa) Bl = itHFg. 12; Lee T 2005).

%Q :
Qj] Sesamol

=

K2

s A

£ H{ol=  pinoresinol, l-acetoxypinoresinol,
hydroxytyrosol(3,4-DHPEA), ~tyrasol(HPEA) 259
secoiridoid H-=4 549 HEsTE0] AU 180°C
geugdN BAE APSE B 2YHR ZAF
£ AxAPEES BANLY 89 N7 29 2%
=7} =93, hydroxytyrosold I F=AE0] tyrosolT}

1200

)
P4

1000

= %00

¥ obov

200

a

Sesamolin Sesamin 0 ) L . A T
n Fig. 12. Degradation of lignan compm.mds added to
o tocopherol-stripped sunflower oil during heating at 180T
(from Lee J 2005)
o 0cHs Table 18. Tocopherol and lignan compounds degradation
in soybean-sesame oil mixture during frying of flour
Secoisolariciresinal dough at 160°C (from Chung J and others 2004)
ocHe oying e N Tocopherdl Ligoaws
(sesame oil:soybean frying content remained content remained
oil, vfv) {(ppm) % (ppm) %
8 AL 10 : 90 1 304 100 1329 100
. 13 302 9 710 58
"(Q m 25 296 98 717 54
OcH, oo 37 293 97 69.3 52
Pinoresinol Lariciresinol Syringaresinol 49 274 90 70.7 53
61 266 87 78.2 59
Fig. 11. Structure of plant lignans 20 : 80 1 290 100 2044 100
13 253 87 189.9 93
Table 17. Lignan compounds contents (ng/ 100g oil) of 25 278 96 2074 101
roasted sesame oil during heating at 180°C (from Kim 37 248 85 1945 95
IH 2003) 49 254 38 187.8 124
sesamolin  total hguans 61 238 82 131.5 64
ne u i : 30:70 1 138 100 346.9 100
0 36.7+0.12 455 8+1.86 200.1+x0.34 692.6+0.42 13 140 101 289.5 84
10 58.6+0.34 484.5+0.14 802097 623.311.18 25 102 74 301.2 87
20 20.1+0.65 447.7+1.89 489£123 516.6£2.47 37 102 74 3022 87
30 4204064 402.3+159 62.1+073 50631032 49 100 73 3312 95
40 339+1.03 395.5+2.68 4521121 474.6+2.86 61 101 73 3273 94

@S2I A A218 A 552005
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3 FEAESA v RASTst wsich(Table 19;
Gomez-Alonso S § 2003). &3] hydroxytyrosol2 ¥l
Z719) 43 3=l 1289 ARAY ol F i
Fol 249 ¥, tyrosol2 HZAY AP BH £
AR 128 HAHP ojFolE 50%0)F A&
fAck. o159 EIe A9 Hgaster ol o
H4 5 A3/ 48 &2 2455 d=3%E9
BAEERE Egton, Ag&EETE 52 Lo @9 ¥
< A7t oleic acid FFo] w2 FAAMET £
=7 340

A7 F dssF¥EY HAEEe frying WA w

2 e AolE HY, FAE 175CH virgin olive
oilo] A pan-frying@ 797} deep-frying@t Z-5ol Hls|
w58 Eo] Wol RlHYen, hydroxytyrosold] £
7t 26l vls] tamnic acide ®lwZ HA ZHHUT
(Fig. 13; Andrikopoulos NK & 2002).

ol Zol FAAFA THE AEsEEL Y

22 B e BAGAD 1 FF et Y =
YEE FEPo] ¥, EF 27 20 2ATO
24 AERFE] 71 5L 18T F Ag A

o= xQit.

8. Carotenoids
Carotenoid= HZ & A& 718 g 93
=t 2 83 A== 718
el &2 Bl s
carotenoid =9 HARFY EF+= FI@F dFE F
A $$=tHGoulson MJ ¢ Warthesen JJ 1999, Lopez-
Hernandez E 5 2001, Sulaeman A 5 2001, Lee | &
2003). 922 100 gF 12 mg 359 carotenoidE 3

Table 19. Changes in phenolic composition (mg/ Kg oil)
of virgin olive oil during frying of potato slices at
_1_82”_9 (from Gomez-Alonso S and others 2003)

e Number of frying operation

b cmpond oy 6 12
hydroxytyrosol(3,4-DHPEA) 4.88 0.45 nd
3,4-DHPEA-EDA 52.49 3.80 0.79
3,4-DHPEA-EA 95.51 8.81 5.68
tyrosol(p-HPEA) 6.59 5.68 5.26
p-HPEA-EDA 96.70 103.0 77.46
p-HPEA-EA 53.09 29.92 12.94
pinoresinol 2.40 0.08 0.57
1-acetoxypinoresinol 8.50 0.99 0.73
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carrot chip 100 gollE 51~72 mge] carotenoid’} SHf-
Hol o] HA g3t FAANY TR Fh (84%)E
ue u Ao 98 carotencidy TAT AL=E U
EFdth 94 % carotenoid®] E3fle HP2Z 9 A3t
g A9 o)l F/MEFE FtEe BTFE 2@A
HA59 FRE caotenoidd] &3l AT FFE
Z2] ¢rgrci(Table 20; Sulaeman A & 2001).

718 28 § LASE caotenoid®] Edle 4EY
A provitamin A 84, 4S9 vl dHE
ojujd ¥ olJg &Y carotenoidol] AT A 4t
3 23 5 SANEY 2 ASE oIAIHMin
DB ¢ Lee H-O 1996).

2970 i} ¥ carotenoidES A FA
RS Estd diRE AAHZ dEd FA el
FHHo] YA L3 red palm oil &
EZ 7)2dw g-Ho] ith B-carotene S THE
(> 500 ppm) 345 red palm oil& 170°Cell A 208 3
T 723 caroteneS A3 ESiEUG v

—

Q1

caroteneS A9
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AR
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Fig. 13. Retention of polyphenol;s in virgin ofive oil during
frying of potatoes (reprinted from Andrikopoulos NK and others
2002)
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Table 20. Retention (%) of carotenoids in carrot chips
fried in canola, palm, and partially hydrogenated soybean

- activity

165 6% 672

85.0%°  67.0°
Canola 175 75.2%° 68.5° 905 6957
185 65.5% 589  784™ 599%™

165 784"  69.1°  959°  700°

Palm 175 78.1° 69.1° 933" 54.9°

185 56.6° 547 68.6" 70.5*

Partially 165 81.2° 709® 983" 72.5°

hydrogenated 175 67.1°  61.0°  81.0™ 620

soybean oil 185 612° 583  737°  586%
**Values within a column with the same letters are not

significantly different(p < 0.05).

&9 71E Fo= olE9 B3 F&o] 95} caroteneo)
2ol AT FESE Ao E1W wh UtkFg
14; Fillion L # Henry CJK 1993).
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