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ABSTRACT. Effect of microwave heating for various times (5, 10, 15 
minutes) on chemical properties of corn and palm oils , ghee and camel 
fat during microwave heating were investigated. Peroxide, iodine, 
anisidine, carbonyl, TOTOX values, and fatty acid content were 
determined, with or without addition of tocopherols and butyJated 
hydroxy toluene (BHT). Microwave heating caused some hydrolysis 
to fatty acids, and accelerated lipid oxidation. The deterioration of 
corn and palm oils were higher than ghee and camel fat in all cases. 
Decrease in polyunsaturated fatty acids percentage and increase in 
saturated ones were observed. However, addition of tocopherols and 
BHT increased the stability to oxidation for oil and fat under 
investigation. 
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~ J)\>. J.J.,r)~.".:J\ l:.l..u\ .) L.a-o 0~L..i5 :.r J.;y,y5J 1 ~,) ~ o.)~) I 

. ~..u\ u~)\ 0) ~ o,)..iJ1 G..Jj 

~,) ~ ~~ o.)lU .)y.-.J (o)~,) J.J~\:.r ~~: u-:~i - ~~,) 
, ~I G..Jj.J' 0,)..iJ1 G..Jj u~ • , • 0 ~ ').J--L>-..u u-:~i - ~ 
~~ ~,)Ul~ JI.".:JI c..?~.) '0, '" 0~:.rj..u ~I.J 
~L, uL.,I,).) ~.?~ l.o L ~L:JI~.J' G..Jj j5J ~I~~WI 

o.)Lj J)l1 ~piw. (Yoshida et al. 1990, Yoshida et ai. 1991a,b) 

~...J ~u.) 0 :.r)I..u ~~.J 4;;~ ;.) , 0, , • ~:.rj..u d....,~ 
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~L,a.l\ uWlJ' ~..u\.;i ~~\ t.;J <.?~\ ~l:J\ ~L::J\ ~ k.5 

~J~ ~ ~J~\~"}~ tL.Q;) J..w ~~\ <f4jJ' ~YJ 

~J~\~..}~ttA;)Jl~\.yojo~L.,ju~i~, ',' 0 ~ 

)l:: ~.15J. ~\ e ~bj.! ~J.r.J"}~\ LIP J..w 0i ~U.~J 

Ji ~)\ J o~y.}\ ~J~)\ ~\J)~ ~J~\ ~..} J tL.Q;..}')1\ J~ 
J ~i J..uJ.\ 015 ..L9J' (Yoshida et ai. 1990) ~\ .yojJ ~..u\ 

~j J ~i ~.l.SJ..}L:--:>-')1\ J ~\~\ 0~..u\.yo 6...;~\ u ~)\ 

~l::J\ ~W-, ~?I~ Jtjl ~J' u--lIJ' ~\J' o..}jJl 

~..} ~ r..G.-:.......l\ ~L,a.ll trJ o..L.....5::;1 ubL,a...o uW)1 <.?.r-J.I ~l:JI 
0~..uIJ u~)\ Jl o..L..5::;1 ubL;u oW10i.,b.JI..; ~, ~J~\ 

J ~ JY\>- ~J.r.J\~..} J o~~)1 ~ J ~L ..}~')II J 
LI~Y ~J..}..L:+lI ~L,a...o os>Li5 -.:...;15 ~.l.SJ' ~..ul u~}10~ 

L:J..u\~~~J_ .sJ~\~..}Jo~~)I~J~i~~\ 
ohJ. ~..ul u~}\ 0~ J ~\~j~ JJL>. JJ~y5.,..:11 

. (Yoshida et ai. 1990, 1993, Farag et ai. 1992) e wlp ~l::.ll 

~..} J~~ o~L.,j~.r:-J (i) ~..}JJJJ:-\~: ~~~I~..} 

, ~\~jJ' o..}jJ\ ~ju~ • , • 0 ~~J..L-> ~ ~y'ySJI 

~~ 4.;)_~~ JI.,..:I\ ~~~, 0, , • , 0 ~.yoj~ u--l\J 

uL.,I..}~ J.?~ Lo e ~L.::JI ~J' ~j j5:J ~I~~L,aJ\ 

~ (Yoshida et ai. 1990, Yoshida et ai. 1991a, Yoshida et ai. 1991b) 

. ~..ul uG;}1 0~ ~ ~\.yoj o~~ e ~y..?JI~..} ttA;) ~ 

~ ')I1J)1\ ~u~ ~y..?J\~..} J ~o~L.,j!Jl.:.A ~ ~~.15 

-Y.A­

http:oW10i.,b.JI


444 Effect of Microwave Oven Heating on Stability of ... 

~\:r- <.?~ J~ <.?i ~~~I~~\ ~.JY~Jj~\ 
o,:)4.jJj\.9,:) ' • ~.fj~ <.?~\ ~\u~ u~iLS ~ ~L.aJ1 
~IJ' j~':jl G..:i 0.J-"l..llIJ u y-)I.i).! 4.,;j lio ~WJI ~I ~~ 

. Jj\.9':)'. o~~I~W~Ir..9)<.?~,:)~,:)jI<.?i~~~ 

4-!0L,a.l1 oj..ul ~j~~tS~ J~,:)Po"J h>.~ ~ 
~ ~ 

~o,:)~)10i':jl~ :io},:) , 0 ~.fj~,:)Wu0J~~IJJJ.;::-9~y 

~~ 4.,;)...U,:)~ 0J~ oj..ul ~j~~~i~1.5 w ~I r..9j 

.fj~ W~I r..9j~ <.?.f--o J~ ,:)y.J r..u. h>.~ ~. ~WJI 
0L;J.IJ,:)L,a.....4-l0~r-l~I~I~j~~:i;;},:), 0 ~ 

4l0L.al1 SJI .f W yJl r..9j ~ ~i L:;1.5 0L:UIJ ~ JJ~~Y 41 
,:)Y.J )\j ~I~ ~i. ~L.aJ1 ~~ 4.,; jlio ~y,J1 J.Jy ~Jj~ 
~ <.?~ J).b:-J ~, Jj\.9,:) , • o..u ~Iu~1~~ JJ.;J 

~0L;J.1~IJ40~;,:)' 0 ~.fj~,:)WU0J~~I~ 

~ <.?.f-"-o J),:)y.J r..u..f ~)I~ ~I.fj~~ ubWu 

~ h>.) -DJ . C;..LSi ubL,a..... ~ 0L;J.1 ~\~ W yJl r..9j 

~\~ 4.,;j li.o ~~,:), 0 ~~j~ J.),I ~u~~~I 

. o..L..Si ubL,a..,o ~ 0L.al1 ~IJ ':)L,a..,o 0J~ 

(Yoshida et ai. 1991b,Farag et al. 1992) ~ J5 A......lj,:) L ~~\.:JI ohJ 

0.J-"l..llIJ ~~\ u y-)I .f ~ ey\ ~ (Yoshida et ai. 1992a) 

j-kJ1 ~ oy:l10..ll1u.b~~1 CL:;lJ~ t.\...1j) ~.f ~Iy)-I 
. 0.J-"l..llIJ u y-}J 0)),1 yj­

~j J ~ o':)4.j ,:)y.J (i) ~jJJ~1 e..oy-: ~J~\~.J 
~ ~I ~jJ ~ OJ..u\ ~ju~ • , • 0 U ':)J...G-...I.:J:. ..L;--5J~\ 

~~4.,;)_~~Jlpl~~,:)' 0 ~ ,. ~ 0 ~.fj~~\J 
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t: (Retention Times) 4J.rP.J:.rj 4.,;J lAA J:> (f' u~\~ .....9.r:J1 ~ 

(N.H.I. Reference ~JJI IT'~'j1 ~ uly:.....'j '-:?'~ .k.).> ~j 

~ .....9.Jyb ~ J ~~I.J ~ mixtures, Supelco, Bellefonte, PA) 

. J~'jl 

: ~l..a>)'1 I 1-"11
t../ -~ 

~.) (S.A.S. 1986) ~ .....9.J.rJ1 ~l.a>-'j\ ~I i~ i..G.:.::.....\ 
(Analysis of ~L:-:lI ~ ~\.r.~ ~~.J ~l..a..>-l ~~I uL;~1 

w.J ulh......pi ~ J.J,;JJ ~l..a..>-':}I ulJ~':}\ ~\.r.l ~ ~.J Variance) 

. LSD , c· J j l;i L:>I I~L u)\.,o~ ~I -\.:.:.II l~lJ.:lJI-i?~ ..r if J . i· c..I.J c..I if 

uL.!j\;lI." ~l:J1 

.) ~I JJl>- 0~JJI.J uy.)1 0).,:->- ~J~ (') ~JJ.J~I~ 

o.? u.)lj L.J5 o),rll ~J~.) t..l.Q.j) .h>"Yu~ ~JJ\ u~}10~ 

, ~I.)~~IJyhJl~o)":->-~J~t:~J~oh.J' ~\ 

..L.J- i 0, A· - , '\ • ~ C.J\~ ~I ~li'jl ~ JAJI 0).,:->- ~J~ ~ 
oh .) ~~ , 0 - , • ~~\ J~L.u ~\.J ~u~ 0~ o..u ~I 

~.J' ~1~j.J' oJjJ\~ju~.)~I)\u~.13.J' ~\JJJ\ 

~IJ.J~\~'j\0yLJI~~, ~~, 0 ~Jj~J.'j\ 

oyUI .) ~I e::-f~' ~L;~' • ~ :.rj ~ u--JI u~ .) t};J1 

(Webb 1970) ~I~I ~Iy JIj>1 ~l 

: ~~I~J 

• " 0 U ~.J..L>- ~Wy-JI ~J ~~~ o~Lj~~.J.h>J\.: 

,y-~~ , 0 o..u ~\.J JL:-:->-':}\ J 0~JJI.J u y.)1 uy ~ 

~L,a...., 4J 0L.al1 oJjJl ~j Y ~~~, 0 J.J~) ~L,a.ll u~1 
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~. (A.O.C.S. Cd 18-90, 1990) u ~)I ~~ ~';'JI ~I ~yk 
TOTOX = 2PV +An.V. ~l:.H 4..bWI il~~ (TOTOX) ~1..L.5t:J1 ~L..>-

. ~~'J'I~J=An.V..J' ~.J~I~J=PV~ 

: w.JJ1 ....;,~~ I· tl ul ~ I ... ;..l 
.. I..r ~.r-'".. .r.:--­

~WJI ~I .1\ ~ L. ~..lll . k>-)U I • 1\ ul ~ I;.,.l ~ ~ ~ .r ~~ ~ ~ ~ .r-"'.. ~~ 

~W~ ctJ;.J 0J.r.l1.1J..)yL; i../~ il~~ (I.S.O. 5509, 1978) .L).J..ll1 

.1J..)yL; i../~ J~ ~ <..?J~ • ,0 Jy~1 i~,)y.aJ1 ~.JJ~ J~ 

0U,J~. ~~.J~~J»J<..?b~i~, Jy~10J.r.J1 
r:.r~' JI.J->-~~ U ~I o}r' 6..;:-J') ~~I ~~.J ~I 
J~T ;Jlj)' ~~ 'j i~,)y uC::? 4-)1 ~i.J JL;;>-l ~~i d1 L;.WI ~I 
j~,).)--Au~~0~~~lul~10~~~.J' ~lll 

. <..?jWI L.Ar.-Y~.J.? 

: ,-?jWI ~I.r.-Y\"'J;S j~ ~.JJI ~~~ul?l~ 

jLp-~ JL;;>-)'I J. 0~..ll1.J u ~)I ~ ~..lll ~~'JI~ 
~~~ ').J)I.J GC-17 jlyk Shimadzu ~J~ <..?jWI dl.r,-Y~.J.? 

').)--Au..J i o ~". o)J.;-->" ~J') .l.:.v (Flame ionization det~ctor) Lr'.J----o 
ii. ,)L-.:~ Cat No. 2-4084 jlyk Supelco ~J ~ (Capillary column)<..?~ 

~.J' (~L:..;JI~) 0.J~· ,ox (~b~) r-'" , i~ x (J.,,1) 
C- jlyk Shimadzu ~J~ ~~ j4d:-I~.J~.J" Supelco Wax-lO 0')U: 

~J,) ~ ~Ir:.r?.J~' ~~ctJ;~. R6A Chromatopac 

i 0, 1\0 ~l i 0, ~. r:.r <..?~I ,)~~~~L;.r. J!.J i o ~ o· o)? 

j5J ~J,) J~ iO~~. dl~1 ~ ;i:;},) j5J u~J,)~) J.M..S 
~b jl;S L.rf:-.Jr:-:JI jli-.J ~l>- jW' (He) i ~Ij~ i~\.J' ~,) 
~; ~. JL.t...;i uljW' ~I*I.J ~;'JI d1 ~L.o)'~ (Make Up Gas) 
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uUI' . ~ 
~ ~ 

J5 0flJ~'l'1 J 0y JJIJ u J:!)I:.;-o tf JS0 u~ , • 0jJ ~ 
.-
Gli 4-lli- ~J' ~ '1'0' ~0~G;jJJJ.) ~ilr. '1'" ~ 
, uLY~ -.:."JU Jl--=- <) ; ~ (Polyethylene) ~)'I --4..lY :.;-0 ~19f. 

~~J' o..L.....5i.)~ 0J~ u~ L;):.;-o ~~IJ J;'l'1 u~1 
8.Tocopherols JJ~y5Y l:b 41 ~iu~ -.:.,,~ :.;-0 ~l;jl ~~I 

. (Yoshida et al. 1993) 0.xli1 ~ y? o· • f.?? ~ o..L.Si.)k.,a5 
~JJ~~yA41~iu~-':"'~:.;-o4.:Jl!JI~~I~~J 
ifl:.h...ol o..L.Si .)L,a..S (Butylated Hydroxy Toluene) ~~I Lr.}Y 

. (S.AS.O. 106, 1984) 0.xli1~ y? '1' • • f.?? 

'1' ~ 0 • .).)?~.) uG; j-A 0) j~~I~~i~1 

vP~)J.) ~ .)J/J (R-9H56 J.)y 0~LJI - ~)..;, (5J~) ;~~ 

~u~ -.:."JU t!'J ~~, ~I J:.y ~~I Lj~1 0L....o 
J 0 ~JJI u)1 ~.\ -.:.,,')l'J1 uLY 11· ~ \( \~;:.\ .J 1 

..T J J:! ~ ~ if ~u c..r-J~ 

~Jl5~iu~-':"'JU~J~~U') 0 o.u~I~, J~')11 
, 0 o.u ~IJ l5.r>i u~ ~JU~J~ ~u.) , · o.u ~I 

. ~jo?J5 ~.2y?~4- J5o}r~J.) J"'~~W" ~.) 

: o..w"~ I J'"~ 

(Peroxide value) ~J~I ~JJ (Acid value) A...,.o~I ~J J-L9 


W' (AO.C.S, Cd 8-53, 1990) u J:!)I -.;~ ~~':11 ~I ~~ 


(Hanus) ~~ u.;..,1 il..G.:...:.....,~ (Iodine value) .)~I ~J y!..LA; ~ 


(r.S.O. 1279, 1984) 4JJJJI ~~I ~I}I ~..G...::......I (AO.C.S. 1990) 

J:iY..?J1~J y!.,Uj ~ ~yUI 0y!W IJ i y}"";':1 I J:.-5JJ~ ~}S~? 
~I ..u.; (Anisidine value) Lr.~1 ~J y!...LA; ~i (Carbonyle value) 
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,-?...L....5U\ ~.?\ ~.J..A>- if~.J' u~\~ ~JL.,.J 0)Y. ~L; if 

u~\ oh d1 ~~'1\.Ji~\ Y\y-" 0..L.5'l'\ ub~ oL.ol ~ 
~ ~WI o)yd-I ~. ~JJI if JW\ LSy-:J\ u\~ u~\ L.o~ 

~.rJ1 ~ 0.J-l:>- O)~ J o.li-L.l\ ~lyJl ~\ (y" ~\ o}r ~.J) 
d ~\ ~..Lt'l'1 ~0)~10i w, ~~\u~\.J\ 0y.ill 

~y:J JL.o1'-?...L....5t;~; ~.J-l:>- dl'-?)x 0\ ~~JJ\ u~}\ 0\)\ 

. ~.li."'l'\ ~ J ~JJI 
O)Y. ~ 4 c}JJI u~}\ 01)\ d ~I~t; if ulo.,wl ~ 
~I.JJJI oh uY~.J' 6.:.Jl,a:.,o.J 0~.J~ ~.li."'l'1 J 0 yJJ1.J u .J"!)I ~ 
~~JJI u~}101";\ J ~I~t; ~ Y y.aJi (y" ~).I .jl:l 
.J..?J.I o.JjJl C-Jj if j5J ~~I.J ~~~i uP lyL 1 ~ J ul~1 
- ~)}I - ~)'I~.J' (Beef Ghee) '-?~\ ~\.J ~\ C-Jj.J 

0.J~ ) ~~I.Ji ~ o...L....5i ub~ oL.o~, (Camel Tallow) 

4jL.oI 
~ 

: ut.:.-JI 

~I C-Jj.J Zea mays .J..?J.I Y\~I o.JjJl (y" J5 uy uJ>.i 

~I.J u.J"!)J ~)~\ dS~I CL:;l.1"k>- (y" Elaeis guineenis J?11 

..ili LS~I ~\ loi. ~)~I ~rJl4.S:Wl- o~ - ('1';L.o) ~L.a.ll 
~ ~ 

0\j'l'1 ~ J Frezeno y j-!) ~.J~i if il3-l ~I (y" ~~ 
~)j~ ).Y-" ~\~~ u.1.J)1 .i.)5 - ~.L..:JI.J ~..Lt'l'\ iP ~ 
1.'1\ ~ .. ;.,.l ~. 1:11 ~ 1- .. - I\:- • .l~...l..!,j l3-\ ~\ 

u:~ ~.r.:--- ~ '-:?""' ~~ v---~ .J .J i . ~ 

~.J~~~.ill ~)I J.-JI ~~I~~I ~yb.l~ 
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, ~..llA:.!\,,:,.. t..l\ - t_. 4.j lLo- - c-:--- '-'~ j 

4°_ ;..tl\ u~}\ 0\)i r\.1:>...;,.,.,\ 0.)\.0.j u\~\ oh ~L., ~J \h 

~~.)~\ ~.rJ\ o:.w\.j ~~J~W\ I>~i~.j 
~~~~\ ~~\ .1.#\ Ji ~W\ ul!:.l\."i JjL:l\ ~ 1>\."...., u~)\ 

, ~Jt':J\ 

.Gi':JL_~l,a...>. ~ ~..tl\ u~}\ 0) .j ~\~~ U ~J 
lS.)1..liJ , 4.;~\ ~\ J;' \J.)~\ ~ cJ"l:J\ ~~~~r~~ 
~~ )2:J1 u~J .j ...;J\j..1 0.)\.0 J1 ~L..a3-\ 0--'4: rU)I\ r..u. 

(Zinunerman and Berch 1982) ~)J\ o~ a.oW\ 4.;Jt':J\ ~~ 

~)\ ~\yJ\ ~ ~\..r:? ~..tl\ ~~':J\ tl,Aj)J o)yd-\ ~ 
~~~ oj..ul..:-"j 01.1:::-J ~, 0~..tl\J u ~)\ ~L;~ )y ~\ 
0~ ~\ JAJ\ ~~W\ o)y-:l-\ "';J);.j u5JJ' o..L...5':J\..w ~~ 
~~4 JlJ..\ d115J ~ (Formo et ai. 1987) ~~\ oh ~~)\ 

~~ ~lo o..L.S':J\ ..L,O ~~~ L?..u\ o~)\ ~ ~\ L?~\ 

1)Qj..LSt:LJ ~~ ~L; ~. Q_- ,;.; ~\~\ ~\ ~i ~ (Webb 1970) 

.)..u. !J~, (Formo et ai. 1987) ~ ~\ o..L...5':J\ ubl,a..o ~~':J 

..lAJ.;, .iQ}..tl\u~}\0~ ~\~t;~ ~r.i~\ uL.,\j..tl\ ~ 

u4.;l ~ J1lS.)1 0~\.j ~\ 0i (Snyder et-ai. 1992) ~J 
Hydrolytic) .;U\ ~\ u4.;ld115J (Lipoxygenases) 0~..tl\ o..LSi 

~\ Oj~..:-"j u~ ~yU 0i (Farag et ai. 1992) ~ LS. (enzymes 

~U\ I\~-q 'l '0:1\ '~" -u\ -:\ 1-=----·1\c.5 ~~ .. -.r--'d ~ ~~J 

.- 0..L.S':J\ uL?f J ~J~Jj~\ LrP~J ~..tl\ ~~')U 

.d- .) L.AJ\ ~ lJ;..., lS .1>-10~..tl\J u ~YU L?..L..Sl:!1 ~.rJ\ ~ J:.C 
J1 ~4-- \\ lS..tl u~\ J"; ~L; ~ 1>\."...., ~\j;J\ u~\.j ~y.)\ 
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(~..JJ.r9-1) ~..ul ~~}I(J} J ~I~t 
(J~..uIJ ~.J'!)I ~~t.; ~ 

~, dL,.:. 4J-)I ~ ~¥'~ .:r.L;J 

JY'-" .!.LLl/~~ - ~/.;)I ~ - "-:1A.:J!J "-:Ji)!li~,-J 
"-:Jr-'/~.r1/~/-11 [or u-P1U1-(rn·)'-;"' o~ 

.r-JIJ.;.,.s:LIJ.,;.:JI.;..."jJ.;.,.s:LI • .;.iIlc...j.:r-J$" .:r-.:oL".s-~r-' 0 ~I 

~L.a.... -';Wl ~ <A,i~ , 0, '" o • ..u U:'..lil .:o~.J"1I 0; ci J),I ~J L?~I 

.:oL.:.,..JI ,)1 (.):'~I 0'.)Y ~J.;.l.:+ll) • .l..S\I1 ~u..J (JJ~~Y l:b) •.l..S\I1 

ri.;' .:r....L:.......;~lri.;, ~r.:-llri.;, ..L:--5"J~lri.;, W~lrih,...l:-'r-'..LiJ 
...w I.~..lil °t.-\l1 ..l4; 11 ow' ICII..L..5\:]I· 'loW~\" I : q

oj <.r.. if .T- u' j ~ r-'.; u' • r.r-Y.r­0 

ci ('"""L...... ~~j d.;.Al ~..lil.:o~}10) ci ~I 0t ~J ~I0 

..:..;15J 0 d.:.;-..ll ~.~y. ifly. ..... .:ol~ 0J.b-J • ...1.-5\11 ~t:~ 

.:obLa.... oU10i)'1, '-:,;I~I 0 y"..lil.:r- ...L-.5l:JI ~ ;..,,;t..,: Jil ;"";L.:JI.:oy.)1 

W I.;..lil J 0r ..liIJ .:oy.J.l • ..l-.S\'I..J......i, .."L,.!ll .~\"j..) ~L...... •..l-.S\'I0 ......... 


~I 4~ ~..lil..?\.....;..\II..,........ ci ..?\.A..;..;1.)1 .:o~I..li .~I d.::.l.~ 01 ~ 

o ~I ~..lil ..?t.-\II ~ ci .~\"jJ 

L.utl 

Jy1 ~-l>-i ~ (~..JJ~I) Aa}..lll u~}101y-9i J ~I~ 
~~.y;;~ II JyhJ~ ~JLLa ~l.t~1 ~o~u-1J~y---"iJ t;WI 

. JAJIJi, ~I~I), ~I 

J 4Jy>-~..l:&- J.uU ~1.Y JI..;.>-I o~ 0yW 4 ;;~ ;..lll u~}1~J 

Ih ~ CL:JI !J~')II ~~Y..J.d J..u..s JUI u~.r:- ~l:.t d1 ~IJAJI 
~lJ-10J~ ~~J ~IJAJI JJ\.> ~~Ir ol1 (.l:ildl ~l:.l:.ll 
~ ~IJAJI ~ ~..JJ.rAllolk.l1 oh 0~J' ~Jl> ~};->" J..l.,a..4 ~l 

~io~~J (j--"i oJ~ l>-r.1u ~~I.GJI 0~ o~~ oJ~ 
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