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Lard s a m p l e s ,  man u fac tu red  from ad ip os e  t i s s u e ,  
w e r e  found to conta in  t r a c e s  a n d / o r  quant i f iab le  con- 
centrat ions  o f  cer ta in  c h o l e s t e r o l  o x i d e s ,  viz . ,  5~-, 6~- 
e p o x y c h o l e s t a n o l ,  7 - k e t o c h o l e s t e r o l ,  7~-hydroxycho-  
l e s tero l ,  20 ~ -hydroxycho le s t ero l  and 25-hydroxycho-  
l e s t e r o l  at the  d e t e c t i o n  l i m i t  0.1 ppm.  The i n f l u e n c e  
o f  s t e a m  re f in ing  and c h e m i c a l  re f in ing  on the  choles -  
t ero l  ox ide  l e v e l s  in a f e w  of  the  crude lard s a m p l e s  
w a s  inves t igated .  The a n a l y s e s  s h o w e d  that  t h e s e  pro- 
c e s s e s  had no apprec iab le  e f f e c t  on the  concentra-  
t i ons  of  c h o l e s t e r o l  o x i d e s ,  c o m p a r e d  wi th  the  con- 
trois .  Analys i s  o f  co ld-s tored  c o n s u m e r  p a c k a g e s  o f  
lard (2-mo old up to 18-mo old s a m p l e s )  ind ica ted  that  
there  w e r e  no d i f f e r e n c e s  in the  pat tern  o f  c h o l e s t e r o l  
o x i d e s .  On the  o ther  hand, s torage  o f  re f ined  super ior  
and regular  grade lard s a m p l e s  at 50~ for up to 18 
days  caused  only  a s l ight  i n c r e a s e  in the  l e v e l s  o f  the  
i s o m e r i c  5 ,6 - epoxycho le s tano l s .  Raw bacon,  bacon 
fried at 170~ for 10 and 20 min  and bacon dr ipping  
w e r e  analyzed.  The ana lyses  s h o w e d  that  quant i f iab le  
l eve l s  o f  5~ - ,6~ -epoxycho les tano l ,  C-7 ox idat ion  deriv- 
a t ives  o f  c h o l e s t e r o l  and 25 -hydroxycho le s tero l  could 
be d e t e c t e d  only  in the  fried rind. A s u b s t a n t i a l  
a m o u n t  ( a b o u t  0.5 p p m )  o f  a c h o l e s t e r o l  m e t a b o l i t e  
was  d e t e c t e d  in the  lard s a m p l e s .  I t s  ident i f i ca t ion  as  
7~-hydroxycholest -4-en-3-one w a s  based  on the  com- 
par i son  o f  RRT value  and m a s s  spec tra l  in format ion ,  
as  TMS-ether,  to  that  o f  synthet i c  7~-hydroxycholest -4-  
en-3-one.  

Cholesterol is an unstable compound that  undergoes 
autoxidation in the presence of molecular oxygen and 
light, through a free-radical reaction predominantly at 
position C 7. Ultimately, an array of autoxidation pro- 
ducts is formed. The full or partial s tructures of some 70- 
80 of the autoxidation products  have been reported (1). 
Several of these compounds  have been shown to be toxic 
both in vitro and in vivo (2-5). Generally, the undesirable 
biological effects of the cholesterol oxides lead to two 
classes of disorders, viz., atherosclerosis and cancer. 

Other effects of the cholesterol oxides indirectly 
related to cytotoxicity are: (a) inhibition of 3-hydroxy-3- 
methylglutaryl-Coenzyme A (HMG-CoA) reductase (6), a 
rate-limiting enzyme in cholesterol biosynthesis from 
other lipids. The resulting reduction of cellular choles- 
terol content causes defective membrane formation and 
membrane malfunction (3); (b) membrane alteration 
caused by the incorporation of the cholesterol oxides 
(instead of cholesterol) into the cellular membrane could, 
by virtue of their analogous structure,  affect the mem- 
brane's barrier properties and lead to cell death (7,8). The 
dead cells could in turn be the primary area for lipid 
infiltration, leading to atherosclerosis; (c) exogenous 
cholesterol oxides are resorbed in mammals and trans- 
ported by the very low and low density lipoproteins, VLDL 
and LDL, respectively. The VLDL is metabolized to LDL, 
which is then absorbed by the vascular endothelium, and 
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the cholesterol oxides would be incorporated into the 
vascular tissue (9,10). Further, it has been demonstra ted 
that  the feeding of certain cholesterol oxides, viz., 25- 
hydroxycholesterol and cholestane-triol to rabbits 
causes injuries to the intima of the aor ta  and other arter- 
ies, as revealed by scanning electron microscopy (11,12). 

Another  possible deleterious effect is the risk asso- 
ciated with the intake of 5a-,6c~-epoxycholestanol. The 
latter is the sole autoxidation product  of cholesterol, 
among the oxides analyzed here, that  is known to possess 
carcinogenic properties when administered subcutane- 
ously in mice in the absence of oil vehicle (13). However, 
no information is available concerning the carcinogeni- 
city of the 5fi-,6fl-epoxycholestanol isomer. The muta- 
genie properties of the isomeric 5,6-epoxycholestanols 
have been implicated in a few publications (14-16). A 
comprehensive review of the aforementioned undesirable 
deleterious biological effects of the cholesterol oxides has 
been published by Peng and Taylor (17). 

Only one published work has dealt with the presence of 
cholesterol oxides in pork fat (18). Williams and Pearson 
isolated and tentatively identified 7-ketocholesterol from 
the unsaponifiable fi'action <)f pork fat. There are no 
reports in tile literature on the formation of cholesterol 
oxides during I)acon frying. 

The purpose of the present investigation was to obtain 
quantitative data  on the concentrat ions of all biologically 
important  cholesterol oxides in unrefined and refined 
lard, cold-stored consumer blocks of lard and refined lard 
stored at 50~ and in raw bacon, bacon fried under con- 
trolled con(iitions and the drippings recovered fi'om the 
fl'ying experiments. 

MATERIALS AND METHODS 

Rea~l~mts. Commercially available cholesterol oxides 
were purchased fi'om Sigma Chemical Co., St. Louis, Mis- 
souri or Steraloids Inc., Wilton, New Hampshire. The 5, 6fi- 
epoxy-5fl-cholestan-3fl-ol was a gift from Peter Eneroth, 
and the 7(~-hydroxycholest-4-en-3 one was donated by 
Ingmar Bj(irkhem, both of tile Karolinska Institute at 
Huddinge tiospital, Stockholm, Sweden. PA grade sol- 
vents were purchased fi'om E. Merck, Darmstadt,  Federal 
Republic of Germany, and the 1,2 dichloroethane was 
obtained from Fischer Scientifc, Fairlawn, New Jersey. 
Tri-Sil was purchased from Pierce Chemicals, Rockfi)rd, 
Illinois. Sep-Pak silica cartridges were obtained from 
Waters Associates, Milford, Massachusetts, and the 
Lipidex-5000 was purchased from Packard Ins t rument  
Inc., Downers Grove, Illinois. 

Food samples. Lard was obtained immediately after 
manufac ture  fi'om two plants: (1) Konvex, Klippan, 
Sweden, and (2) Andelsflott, GOteborg, Sweden. The 
bacon was supplied by Scan Co., A_ngelholm, Sweden, 
from pigs slaughtered at Tomelilla abattoir; accurate  
background information regarding the feeding system 
used in the production of these samples had been kept. 
Consumer packages of lard were purchased from local 
groceries or supermarkets.  All regular lard samples were 
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k e p t  in a d a r k  r o o m  a t  4~ whi le  r a w  bacon ,  f r ied  b a c o n  
a n d  the  bacon ' s  d r i p p i n g  s a m p l e s  we re  k e p t  a t  -20~ un t i l  
analysis .  

Bacon frying. T e m p e r a t u r e ,  f ry ing t ime  a n d  use of  a 
sha l low frying p a n  wi th  a t h e r m o s t a t  we re  c h o s e n  to  
m a t c h  as c losely  as  poss ib le  o r d i n a r y  b a c o n  frying cond i -  
t ions  in an e v e r y d a y  h o u s e h o l d  k i tchen .  The  t e m p e r a t u r e  
was  se t  a n d  the  frying p a n  a l lowed to s t a n d  for a b o u t  10 
rain to  achieve the  d e s i r e d  t e m p e r a t u r e  before  s t a r t i n g  
the  e x p e r i m e n t .  A c o n s u m e r  p a c k a g e  of  b a c o n  was  
opened ,  a n d  the  r a s h e r s  were  p l a c e d  in t he  f rying pan .  
Af t e r  t h e  de s i r ed  f ry ing t ime,  t he  f r ied  b a c o n  was  c ove re d  
with  a l u m i n u m  foil a n d  p l a c e d  in a p l a s t i c  box.  The d r ip -  
p ing  was  t r a n s f e r r e d  to  a glass t u b e  wi th  Teflon cap .  The  
frying p a n  was  c l e a n e d  a n d  a l lowed to s t a n d  for  a b o u t  5 
rain before  t he  n e x t  e x p e r i m e n t .  The  frying e x p e r i m e n t  
was  p e r f o r m e d  a t  170~ for  10 a n d  20 min in dup l i ca t e .  
The s a m p l e s  were  k e p t  in an icebox  d u r i n g  t r a n s p o r t  a n d  
l a t e r  s t o r e d  a t  -20~ 

Preparation of triethylaminohydroxypropyl-Lipidex 
(TEAP-Lipidex). The TEAP-Lip idex  is an  an ion  e x c h a n g e  
de r iva t ive  of  Lipidex-5000.  I t  is used  ma in ly  to r emove  t h e  
p h o s p h o l i p i d s  a n d  f ree  f a t t y  ac ids  f rom the  bu lk  of  cho-  
les te ro l  oxides .  The gel was  p r e p a r e d  fi 'om the  r e a c t i o n  of  
L ip idex  5000 wi th  t r i e thy lamine ,  e s sen t i a l ly  as  d e s c r i b e d  
by Nourooz -Zadeh  a n d  Appe lqv i s t  (19).  The  ion e x c h a n g e  
c a p a c i t y  of  the  gel was  0.7 meq/g .  

Column packing. The p r o c e d u r e s  of  co lumn  pa c k ing  
a re  de sc r ibed  in de ta i l  in a p rev ious  p a p e r  (19). 

Lipid extraction. (a )  Bacon:  Before  weighing,  t he  sub-  
c u t a n e o u s  a n d  i n t r a m u s c u l a r  a d i p o s e  t i s sues  wet'(; 
r e m oved  f rom the  lean a n d  m i n c e d  s epa ra t e ly .  A 30-g 
s a m p l e  of the  lean a n d  a 10-g s a m p l e  of  t he  r ind  were  p u t  
into s e p a r a t e  cen t r i fuge  tubes ,  a n d  30 ml h e x a n e / i s o p r o -  
pano l  (2:3, v /v )  (HIP)  was  added .  The  s a m p l e s  we re  
h o m o g e n i z e d  for 3 rain using an Ul t r a  T u r r a x  h o m o g e n -  
izer, cen t r i fuged  a t  4000 r p m  for 5 rain a n d  the  s u p e r n a -  
t a n t s  t r a n s f e r r e d  to s e p a r a t o r  funnels .  The  r e s idue  was  
homogen ized  wi th  a n o t h e r  30 ml HIP a n d  cen t r i fuged  a t  
4000 r p m  for 5 min. The  s u p e r n a t a n t s  were  poo led  a n d  40 
ml 0.47 M Na2SO 4 were  added .  The m i x t u r e  was  a g i t a t e d  
a n d  a l lowed to set t le .  The u p p e r  l aye r  was  t r a n s f e r r e d  to  
an e v a p o r a t i o n  f lask a n d  the  so lven t  was  r e m o v e d  in 
vacuo at  35~ A b o u t  200 mg of  t he  l ipid e x t r a c t  was  
t r a n s f e r r e d  to a g l a s s - s t o p p e r e d  t e s t  t ube  a n d  kep t  a t  4~ 
unt i l  analysis .  (b)  Lard:  The s a m p l e  was  m e l t e d  on a 
w a t e r  b a t h  a t  60~ a n d  a 500-mg p o r t i o n  was  t r a n s f e r r e d  
to a g l a s s - s t o p p e r e d  t e s t  tube.  

Analytical procedure. The cho les te ro l  ox ides  were  iso- 
l a t ed  using t h r e e  c o n c e n t r a t i o n  s teps ,  e s sen t i a l ly  as  
de sc r ihed  by Nourooz -Zadeh  a n d  Appe lqv i s t  (20). Briefly, 
t he  s a m p l e  was  d isso lved  in one  ml h e x a n e / 1 , 2 -  
d i c h l o r o e t h a n e  (9:1, v / v )  (H/DC)  a n d  a p p l i e d  on a p re -  
w a s h e d  Sep -Pak  s i l ica  ca r t r idge .  The  co lumn  was  w a s h e d  
wi th  8 ml H/DC (9:1) to  r emove  the  bu lk  of  t he  t r iacylgly-  
cerols  (TG). The r e m a i n i n g  TG t o g e t h e r  wi th  p o l a r  l ip ids  
were  e lu t ed  by w a s h i n g  the  c o l u m n  wi th  12 ml m e t h a n o l /  
1 ,2 -d i ch lo roe thane  (1:1, v /v) .  The so lven t  was  r e m o v e d  in 
a r o t a r y  e v a p o r a t o r  a t  35~ a n d  the  r e s idue  d i sso lved  in 
DC a n d  t r a n s f e r r e d  to a g l a s s - s t o p p e r e d  t e s t  tube.  The  
so lvent  was  r e m o v e d  u n d e r  a s t r e a m  of  n i t rogen ,  a f t e r  
wh ich  the  s a m p l e  was  red i s so lved  in 0.3 ml H/DC (9:1) 
and  app l i ed  on to  t he  L ip idex-5000  co lumn.  The d i f f e ren t  
l ipid c lasses  were  e l u t e d  a c c o r d i n g  to  Nourooz -Zade h  a n d  

Appe lqv i s t  (19).  Af te r  t h e  cho l e s t e ro l  o x i d e  f r a c t i o n  h a d  
been  d r i e d  in vacuo, it  w a s  t r a n s f e r r e d  to  a glass-  
s t o p p e r e d  t e s t  t u b e  a n d  t h e  so lven t  was  r e m o v e d  u n d e r  a 
s t r e a m  of  n i t rogen .  The s a m p l e  was  d i sso lved  in 0.1 H/DC 
(3:7), a p p l i e d  on to  t he  TEAP-Lip idex  co lumn ,  a n d  the  
cho l e s t e ro l  o x i d e  f r ac t i ons  we re  col lec ted .  

Thin layer chromatography. The c h o l e s t e r o l  o x i d e  
f r ac t ions  we re  a p p l i e d  as  Spots  on a HPTLC p l a t e  (10 • 10 
cm, 0.2 ram, UV-254, E. Merck,  D a r m s t a d t ,  F.G.R.) us ing  an  
a u t o m a t e d  a p p l i c a t o r ,  L i n o m a t  III. Fo r  r e f e r e n c e  p u r -  
poses  a m i x t u r e  of  c h o l e s t e r o l  o x i d e s  was  a p p l i e d  on  one  
s ide  of  t h e  p l a t e  a n d  the  p l a t e  was  d e v e l o p e d  in d ie thy l  
e t h e r / c y c l o h e x a n e  (9:1, v /v) .  The c h r o m a t o p l a t e  was  
d r i e d  a t  r o o m  t e m p e r a t u r e  a n d  v iewed  wi th  UV l ight  to 
loca te  t h e  7 -ke tocho les t e ro l .  The o t h e r  c h o l e s t e r o l  o x i d e  
s p o t s  were  v i sua l i zed  by  s p r a y i n g  the  p l a t e  wi th  50% 
H2SO4, fo l lowed by  he a t i ng  a t  i 10~ for  a b o u t  3 min.  

Saponification and derivatization. The c h o l e s t a n e -  
t r io l  f r ac t ion  was  s apon i f i ed  a c c o r d i n g  to N o u r o o z - Z a d e h  
a n d  Appe lqv i s t  (19)  to r e m o v e  the  mono-  a n d  diacylgly-  
cerols .  Rega rd ing  the  o t h e r  cho les t e ro l  o x i d e  f rac t ions ,  
c h o l e s t a n e  ( a b o u t  0.2 pg)  was  a d d e d  as  an i n t e r n a l  s t an -  
d a r d  a n d  the  s a m p l e s  we re  t r a n s f e r r e d  to glass-  
s t o p p e r e d  t e s t  tubes .  The  so lven t  was  r e m o v e d  u n d e r  a 
s t r e a m  of  n i t rogen  a n d  100 #l Tri-Sil we re  a d d e d .  The  
s a m p l e s  were  k e p t  a t  60~ for  30 min,  the  so lven t  r e m o v e d  
u n d e r  n i t rogen  a n d  the  r e s idue  d isso lved  in 100/al  hex -  
ane.  One to two  #l was  in jec ted  into  t he  GLC. 

GLCand GC/MS. The TMS der iva t ives  of  t he  c h o l e s t e r o l  
ox ides  we re  s e p a r a t e d  on a c ros s l i nked  m e t h y l  s i l icone  
co lumn  ( U l t r a  Hp, 25m • 0.33 ram, film t h i c k n e s s  0.35/~In, 
or  a 25m • 0.25ram, fihn t h i c k n e s s  0.25# Q u a d r e x  Corp . )  
us ing a Var ian  3700 e q u i p p e d  with  a fa l l ing-needle  injec- 
t()[" sys t em a n d  a f lame ion iza t ion  de tec to r .  Hel ium was  
used  as c a r r i e r  gas. O p e r a t i n g  c ond i t i ons  were:  c o l u m n  
t e m p e r a t u r e  270~ d e t e c t o r  t e m p e r a t u r e  310~ The 
p e a k s  were  r e c o r d e d  us ing a Hp 3390 A I n t e g r a t o r .  The  
cho les t e ro l  o x i d e s  were  t e n t a t i v e l y  iden t i f i ed  by  c o m p a r -  
ing the  RRT va lues  of  t he  c o m p o n e n t s  in t he  TEAl  )- 
L ip idex  f r ac t ions  wi th  t h o s e  of  t he  e ight  s y n t h e t i c  choles-  
t e ro l  o x i d e s  ana lyzed  in t he  p r e s e n t  s tudy .  The  quan t i f i -  
ca t ion  was  i )ased on p e a k  a r e a  m e a s u r e m e n t ,  a n d  the  
d a t a  a re  m e a n  va lues  of  d u p l i c a t e  ana lyses  ( S e p - P a k  sil- 
ica, L ip idex-5000,  TEAP-Lip idex  a n d  GLC). 

The a s s i g n m e n t  of  t he  TMS der iva t ives  was  c o n f i r m e d  
using a 5970 A HP m a s s  se lec t ive  d e t e c t o r  e q u i p p e d  wi th  
cap i l l a ry  d i r ec t  i n t e r f ace  o r  a F inn igan  4000 GC-MS MAT. 
The GC-MS i n s t r u m e n t s  we re  e q u i p p e d  wi th  t h e  fail ing- 
need le  in j ec to r  sy s t em a n d  a chemica l ly  b o n d e d  me thy l  
s i l icone c o l u m n  (25 m • 0.2 mm,  film t h i c k n e s s  0.25 pro, 
Q u a d r e x  Corp.) .  The  o p e r a t i n g  c o n d i t i o n s  we re  essen-  
t ia l ly  t hose  d e s c r i b e d  p rev ious ly  by N o u r o o z - Z a d e h  a n d  
Appe lqv i s t  (19,20).  

RESULTS 

A l t h o u g h  in Sweden  l a rd  is e x t r a c t e d  f rom bones  a n d  
a d i p o s e  t i ssues ,  only  t he  l a t t e r  was  ana lyzed  in t he  p re -  
s en t  s tudy .  L a r d  is m a n u f a c t u r e d  f rom a d i p o s e  t i s sue  as  
follows. The  t i s sues  a r e  m i n c e d  a n d  then  h e a t e d  to  95~ 
The m i x t u r e  is t r a n s f e r r e d  to  a d e c a n t a t i o n  cen t r i fuge  
a n d  the  p r o t e i n - r i c h  t i s sue  m a t e r i a l  is r emoved .  The  
emuls ion  is t r a n s f e r r e d  to  a s e p a r a t o r ,  w a t e r  is r e m o v e d  
and  the  l a rd  is p l a c e d  in a s t o r a g e  t ank .  
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TABLE 1 

C o n t e n t  o f  C h o l e s t r o l  O x i d e s  in  Lard 

Company ~ Lot Quality Cholesterol oxides ~,, ppm 

5a-,6a-epoxy 7-keto 7a hydroxy 20a-hydroxy 25-hydroxy 

A 1 Unrefined 0.3 TR ~ TR N D  '1 ND 
A 1 Refined 0.3 TR TR ND ND 
A 2 Unrefined ND 0.2 TR TR TR 
A 2 Refined ND 0.2 TR TR TIC 
B 3 Unrefined TR TR ND 0.3 TR 
B 3 Refined and TR TR TR 0.2 ND 

deodorized," 
B 3 Refined and TR TR TR TR ND 

deodorized/ 
B 4 Unrefined ND 0.2 TR TR TR 
B 5 Unrefined ND 0.3 TR 0.3 0.2 
B 6 Unrefined ND 0.3 TR 0.3 0.2 
B 7 Unrefined ND 0.3 TR TR TR 

~A, The Andelsflott plant, G6teborg, Sweden; B, The Konvex plant, K~tvlinge, Sweden. 
bThe 5fl-,6/3-epoxycholestanol, 7fi hydroxycholesterol and the cholestane~triol were not detected, detection 
limit 0.1 ppm. 
'Traces (~0.1 ppm). 
dNot detected. 
"Refined, bleached with "lbnsil LFFS0 1% and deodorized in a pilot plant at the Margarine Company, Hel- 
singborg, Sweden. 
.fRefined, bleached with Tonsil LFFS0 1% and deodorized in a pilot plant at the Karlshamns AB, Karlshamn, 
Sweden. 

TABLE 2 

C o n t e n t  of Cholesterol in C o n s u m e r  P a c k a g e s  of Lard r 

Age Cholestt'rol oxides% ppm 

mo 5~ ,6~-epoxy 7-keto 7a hydroxy 2()(~hydroxy 25-hydroxy 

2 0.4 0.3 0.2 0.3 0.2 
6 0.2 0.3 TR 'l 0.5 0.2 
6 0.2 TR TR 0.2 TR 

18 0.2 0.3 0.3 0.4 TR 

"A, The lard samples were manufactured at the Andelsflott plant, G(~teborg, Sweden. 
~,The 5]3-,6/3-cpoxycbolestanol, 7fl-hydroxycholesterol were not detected, detection limit 
0.1 ppm. 
,Cholestane-triol was not analyzed because of the low level of the 5fl-,6b-epoxyeholestanol. 
'tTraces (~0.1 ppm). 

In the  p r e sen t  s tudy,  t h r ee  ser ies  of  la rd  samples  w e r e  
inves t iga ted  regard ing  cho les te ro l  ox ide  conten t .  In the  
first  series, the  effects  of  physical  ref ining ( s t e a m  refin- 
ing) and  chemica l  ref ining (neu t ra l i za t ion ,  b leach ing  and  
deodo r i za t i on )  on cho les t e ro l  ox ide  c o n c e n t r a t i o n  w e r e  
s tudied.  Seven un re f ined  lard  s amp le s  (Table 1, lots 1-7) 
were  ob ta ined  f rom the  two a b o v e - m e n t i o n e d  p lan t s  (see 
Mater ia ls  and  Methods) .  

The  analyt ica l  resu l t s  p r e s e n t e d  in "Fable 1 showed  t h a t  
the  unre f ined  lard  s amples  f rom C o m p a n y  A (lots 1 and  
2) c o n t a i n e d  t r aces  a n d / o r  quant i f iab le  c o n c e n t r a t i o n s  
of  some  of the  p r e d o m i n a n t  ox ida t ion  p r o d u c t s  of choles-  
terol ,  viz, 5a - ,6~-epoxycholes tano l ,  7 -ke tocho les t e ro l  and  
7(~-hydroxycholesterol ,  a t  the  d e t e c t i o n  l imit  0.1 ppm.  
Obviously, lot 1 had  a slightly h igher  level of  the  5w,6a -  
e p o x y c h o l e s t a n o l  t h a n  lot 2. Analysis  of  the  two s t eam-  
re f ined  lard  s amples  ( lots  1 and  2) i nd ica t ed  t h a t  this  
p rocess ing  t e c h n i q u e  does  not  affect  the  c o n c e n t r a t i o n s  
of  cho les te ro l  oxides.  Analysis  of  t he  un re f ined  lard  sam-  

pies f rom C o m p a n y  B ( lots  3-7) s h o w e d  t h a t  t hese  sam-  
ples had  de t ec t ab l e  levels of  t he  a b o v e - m e n t i o n e d  choles-  
te ro l  oxides .  In some  cases,  s ide-cha in  der iva t ives  of  cho- 
lesterol,  viz, 2 0 a - h y d r o x y c h o l e s t e r o l  and  25-hydroxy-  
cho les te ro l  w e r e  observed.  Lot  3 was  chemica l ly  re f ined  
u n d e r  cond i t ions  s imilar  to those  used  in m a r g a r i n e  man-  
ufac tur ing ,  as follows. The la rd  was  refined,  b l eached  wi th  
Tonsil LFF80 1% and  deodo r i zed  a t  the  Margar ine  Com- 
pany,  Helsingborg,  and  at  K a r l s h a m n s  AB. Analysis  of  the  
chemica l ly  ref ined  lard  s a m p l e  ( lot  3) s h o w e d  t h a t  no 
r e m a r k a b l e  change  h a d  o c c u r r e d  in t he  c o n c e n t r a t i o n  of  
the  cho le s t e ro l  ox ides  c o m p a r e d  to the  cont ro l .  The  GC 
analysis  of  t he  lard  s am p le s  in Table 1 ind ica t ed  the  pres-  
ence  of  an u n k n o w n  c o m p o u n d  a t  the  s a m e  e lu t ion  region 
as the  5~ - ,6a -epoxycho le s t ano l  peak.  

In the  s e c o n d  series, four  c o n s u m e r  packages  of  la rd  
(250 g) w e r e  invest igated.  A c c o r d i n g  to t he  label, t he i r  age 
va r i ed  f rom 2 to 18 mo. The  ana ly t ica l  resu l t s  (Table 2) 
s h o w e d  t h a t  the  samples  c o n t a i n e d  quan t i f i ab le  levels of  
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TABLE 3 

Peroxide Value (PV),  Anis idine  Value (AV) and Cholesterol  Oxides  in Chemically Refined Lard Stored 
at 50~ 

Quality Storage time PV,~ AV b Cholesterol oxides,:, ppm 

(days) 5a-,6c~ epoxy 5fl-,6fl-epoxy 7-keto 7a-hydroxy 7/3-hydroxy 
Superior 0 0.0 0.1 0.2 ND d 0.2 TR" ND 
Superior 8 2.3 0.6 0.2 ND TR TR ND 
Superior 14 4.1 1.5 0.5 MS§ TR TR ND 
Superior 18 6.1 2.1 NQsJ MS+ ND TR ND 
Regular 0 0.0 0.6 0.2 ND ND TR ND 
Regular 8 2.6 1.4 TR ND ND TR ND 
Regular 14 5.5 2.5 0.3 MS+ TR TR ND 
Regular 18 6.6 3.2 NQ MS+ ND TR ND 

"According to Standard Methods for  the Analysis of Oil, Fats and Derivatives, 17th edn., edited by C. 
Paquot and A. Hautfenne, Blackwell Sci. Pub., Oxford, 1987, IUPAC Method 2:501. 
bAecording to Ibid., IUPAC Method 2:504. 
'The 20a-hydroxyeholesterol, 25a-hydroxycholesterol and cholestane triol were not detected, detection 
limit 0.1 ppm. 
dNot detected. 
'Traces (~0.1 ppm). 
./Only detected by GC-MS analysis as the 5fl-,6fl-epoxy peak was completely overlapped by an unknown 
compound. 
f~Not quantifiable because of increased amounts of interfering compound or compounds. 

some of the  cholesterol  oxides. No obvious difference in 
the levels of cholesterol  oxides  were obse~wed, despi te  the 
cold s torage for up  to 18 too. The lard packages  repres-  
en ted  different  batches,  and  the va r i a t ion  in the  individ- 
ual levels a n d / o r  to ta l  cholesterol  oxide c o n t e n t  could 
reflect d i f ferent  init ial  choles terol  oxide levels r a the r  
t h a n  the  progress  of choles terol  a u t o x i d a t i o n  dur ing  
storage. The a f o r e m e n t i o n e d  "unknown"  c o m p o u n d  was 
also observed in the  c h r o m a t o g r a m s  of the samples  pres-  
en ted  in Table 2. The s t a t e m e n t  on "absence" of the  5fl-,6/3 
-epoxycholes tanol  in series 1 a n d  2 is based  on c o m b i n e d  
GC-MS analysis.  In the  th i rd  series, c rude  lard classified 
as "superior  grade" and  "regular  grade," on the  basis  of 
peroxide  value  and  an is id ine  value,  was ob t a ined  from 
Ellco Food (Kl ippan,  Sweden)  immedia te ly  af ter  m a n u -  
facture.  Lard  (a  5-kg sample )  was ref ined in a pilot  p l a n t  
u n d e r  cond i t ions  s imilar  to those used du r ing  m a r g a r i n e  
m a n u f a c t u r i n g  at  K a r l s h a m n s  AB (Kar l shamn,  Sweden)  
as follows. The lard was b leached  with Tonsil LFF80 1% 
and  deodorized.  The pu rpose  of this  e x p e r i m e n t  was  to 
s tudy  the in f luence  of lard qual i ty  on the  fo rma t ion  of the  
p r ima ry  a n d  s e c o n d a r y  ox ida t ion  p roduc t s  of the  triacyl- 
glycerol fa t ty  acids (perox ide  value  a n d  an i s id ine  value)  
and  on the levels of choles terol  oxides  du r ing  s torage at  
50~ for up  to 18 days. 

Thi r ty-gram samples  of the  ref ined lard were  t r ans -  
ferred to 50-ml plast ic vials and  kept  at  500C for up  to 18 
days, in o rde r  to ob ta in  a high perox ide  va lue  (PV = 6). 
The perox ide  value  (PV) and  an i s id ine  value  (AV) at  var-  
ious s torage t imes  are p r e sen t ed  in Table 3. 

Analysis  of the  controls ,  a supe r io r  qual i ty  a n d  a regu- 
lar qual i ty  lard  s tored  a t  -70~ ind ica ted  t h a t  the  samples  
c o n t a i n e d  de tec tab le  levels of 7-ketocholes terol  a nd  5a-, 
6a -epoxycho les t ano l  a n d  7a -hydroxycho les te ro l  (Table 
3). After a s torage per iod of eight days, the  la rd  samples  
r eached  PV 2.3 a n d  2.6 for super io r  a n d  regular  quality,  
respectively. The eight-day-old samples  showed  no re- 
markab le  differences in the  c o n c e n t r a t i o n s  of choles terol  
oxides, c o m p a r e d  with the controls .  After  s torage of the 

samples  for 14 days at  50~ (PV 4.1 a n d  5.5), only  a slight 
increase  in the  c o n c e n t r a t i o n  of 5a - ,6a -epoxycho les tano l  
was  observed, c o m p a r e d  with the  eight-day-old samples.  
F u r t h e r  s torage for 18 days caused  no s ignif icant  change  
in the  p a t t e r n  of choles terol  oxides. No quan t i t a t i ve  d a t a  
are  r epor ted  c o n c e r n i n g  the  level of 5a-,6(~-epoxycholes- 
t ano l  in the  18-day-old samples ,  as the  5a- ,6a-epoxycho-  
les tanol  peak was par t ia l ly  over lapped  by an  u n k n o w n  
small  peak. However, the p resence  of 5a- ,6a-epoxycholes-  
t ano l  in tile 18-day-old sample  was conf i rmed  by com- 
b ined  GC-MS. F u r t h e r m o r e ,  the GC-MS analysis  ind ica ted  
t h a t  the  14- a nd  18-day-old samples  also had  de tec tab le  
levels of the  5/3-,6/~-epoxycholestanol, bu t  no q u a n t i t a t i v e  
d a t a  can  be p resen ted .  The reason  was t ha t  the  5fl-,6fl- 
epoxycho les t ano l  peak  was comple te ly  over lapped  by an  
u n k n o w n  c o m p o u n d  ( the  s t r u c t u r e  e luc ida t ion  will be 
d iscussed  later).  The spec t r a  of the  isomeric 5, 6- 
epoxyeho lcs tano l s  were  ident ica l  to those  r epor t ed  by 
Nourooz-Zadeh a n d  Appelqvis t  (19). 

Raw lean a nd  raw r ind  samples  of special ly p r o d u c e d  
bacon  c o n t a i n e d  no de tec tab le  levels of any  of the  eight 
ox ida t ion  p r o d u c t s  of choles terol  at  the  de tec t ion  limit 
0.1 p p m  in the  lipids (Table 4). Analysis  of the  r ind  t aken  
af ter  frying bacon  for 10 min  a t  170~ showed t h a t  there  
were quant i f iab le  c o n c e n t r a t i o n s  of the  5a- ,6a-epoxycho-  
lestanol,  7-ketocholesterol ,  7a -hydroxycho les te ro l  a n d  
25-hydroxycholes te ro l  at  the  above m e n t i o n e d  de tec t ion  
limit. The c o n c e n t r a t i o n  of the  choles terol  oxides  was 
slightly inc reased  w h e n  the  frying t ime was  e x t e n d e d  to 
20 min. On the  o the r  hand ,  no de tec tab le  levels of any  of 
the  oxides were no t iced  in the  lean or d r ipp ings  collected 
from the  frying expe r imen t s .  The choles tane- t r io l  frac- 
t ions  were no t  ana lyzed  because  of the  low c o n c e n t r a t i o n  
of the  5a - ,6a -epoxycho les t ano l  in these  samples.  

Adipose  t issue c o n t a i n s  70% more  choles terol  t h a n  lean 
does on a weight  basis  (21). Most of the  t i ssue lipids, 
ma in ly  triacylglycerols,  are  e l imina ted  dur ing  frying. The 
absence  of choles terol  oxides  in the  d r ipp ing  may  be a 
ref lect ion of its low choles terol  con ten t .  However, the  lev- 
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TABLE 4 

Content of  Cholesterol  Oxides  in Raw and Fried Bacon 

Sample Cholesterol oxides,a, 

5a ,6wepoxy 7-keto 7a hydroxy 7/3-hydroxy 25-hydroxy 
Raw rind ND' ND ND ND ND 
Raw lean ND ND ND ND ND 
Rind fried 10 0.2 ND 0.2 0.2 ND 
min at 170~ l" 

Lean fried 20 NI) ND ND ND ND 
min at 170~ 

Recovered fat ND ND ND ND ND 
Rind fried 10 0.2 0.2 0.3 0.3 0.5 
rain at 200~ 

Lean fried 20 ND ND ND ND ND 
rain at 200~ 

Recovered fat ND ND ND ND ND 

b 

,,The 5/3,6fl epoxycholestanol, 2()a hydroxycholesterol and the cholestane triol were 
not detected, detection limit 0.1 ppm in the lipids. 
/'Cholestane triol was not analyzed because of the low level of the 5a ,6a-epoxycholestanol. 
,Not detected. 

5 9 0  

c 

r ~  
| I i 

8 12 17 

a) chol estane 
b) cholesterol 
c) unknown compound 

min oc) 

p o u n d  c o n t a i n e d  several  molecule  f r agmen t s  which  are 
charac te r i s t i c  of 3f l -hydroxycholes t -5-en-7 one  (22), bu t  
it was less polar  t h a n  the  latter.  The a f o r e m e n t i o n e d  mass  
spec t romet r i c  in format ion ,  together  with the  e lu t ion  
order,  suggests  t ha t  the  ca rbonyl  moie ty  is p r e s e n t  at  
posi t ion C-3 of the  te t racycl ic  s te ro ida l  s t ruc tu re .  Hence, 
the mass  s p e c t r u m  of the  u n k n o w n  c o m p o u n d  was 
most ly  like t h a t  of the  TMS e the r  der ivat ive of 7a-hy- 
droxycholes t -4-en-3-one ,  r epor ted  by Ar inger  a nd  Nord- 
s t rom (23). A c o m p a r i s o n  of the  higher por t ion  of the  
mass  s p e c t r u m  in Figure 2b with t ha t  of the  TMS deriva-  
tive of a syn the t ic  7a -hydroxycho les t -4 -en-3-one  showed  
t.hat they were identical.  Thus,  the  mass  spec t rome t r i c  
data ,  toge ther  with the exce l len t  a g r e e me n t  in the  RRT 
values, conf i rm tha t  the c o m p o u n d  is 7~-hydroxycholes t -  
4-en-3-one.  

D I S C U S S I O N  

The ana ly t ica l  resul ts  in Tables 1 a nd  2 a n d  the  figures 
FIG. 1. Gas chromatogram of TMS derivatives of cholesterol  
ox ides  in TEAP-fraction number 2 Nourooz-Zadeh and Appel- 
quist  (19)  from lard. Peak a, cholestane; peak b, cholesterol; 
peak c, unknown compound. 

els of the  cholesterol  o x i d e s - - i f  these  are gene ra t ed  dur -  
ing f ry ing - - a r e  p robab ly  below the de tec t ion  limit in the  
p r e sen t  study, 0.1 p p m  in the  lipids. 

The u n k n o w n  peak  m a r k e d  (c) in Figure 1 was a con- 
s t a n t  fea ture  of the  c h r o m a t o g r a m s  of all lard samples.  
The c o m p o u n d  was  e lu ted  j u s t  before the  5fl-,6/3-epoxy- 
chotes tanol  peak and  at  the  same  RRT va lue  as the  TMS- 
e the r  of 5fl- ,6fl-epoxycholestanol.  The mass  s p e c t r u m  of 
the  in ter fer ing  c o m p o u n d  revealed the  p resence  of sev- 
eral  ions which were charac te r i s t ic  of some of the  oxida-  
t ion derivat ives of cholesterol  (Fig. 2a). The peak  at  m / e  
472 in the  mass  s p e c t r u m  suggests a c o m p o u n d  with the  
molecu la r  weight  472. This is equiva len t  to the  e l emen ta l  
compos i t ion  C2rH4rO,~. The peak  at  m / e  382 (M-90) indi-  
ca ted  the  p resence  of one hydroxyl  group,  while the  sec- 
ond  oxygen m u s t  be p r e sen t ed  in a ca rbony l  moiety. Fur-  
t h e r m o r e ,  t h e  m a s s  s p e c t r u m  o f  t h e  u n k n o w n  c o m -  

c o n c e r n i n g  the  cont ro ls  on Table 3 showed tile p resence  
of ce r ta in  cholesterol  oxides  which, p resumably ,  are of 
e n d o g e n o u s  origin. In the  p r e se n t  s tudy  cons ide rab le  
a t t e n t i on  was  dew)ted to f inding  the  suspec t ed  carc ino-  
genic c o m p o u n d  5a- ,6u-epoxycho les tano l  in some of the  
c rude  lard samples.  Because  lard cons t i tu t e s  the  bu lk  of 
the lipids in in fan t  formula ,  it is of great  i m p o r t a n c e  to 
minimize  the  level of the  biologically active choles terol  
oxides in lard. The f inding  of 5a - ,6a -epoxycho les t ano l  
c a n n o t  be a c c o u n t e d  for, bu t  it ma y  be due  to di f ferent  
an ima l  feeding systems, b reed  a n d / o r  physiological  con- 
d i t ions  of the  pigs a t  s laughter .  

In this s tudy,  an effort was  made  to invest igate  the  
possible c o n n e c t i o n  be tween  the  an imal  feeding sys tems 
a nd  the  de tec t ion  of 5a- ,6a-epoxycholes tanol .  In Sweden,  
pigs are genera l ly  fed a f i s h m e a l - s u p p l e m e n t e d  diet  up  to 
a shor t  per iod  before s laughter .  Therefore,  the  fa t ty  acid 
p a t t e r n s  of lots 1 a nd  3 (Table 1), a nd  of the  con t ro l s  
(Table 3) were  analyzed.  A t t e n t i o n  was  d i rec ted  to 
de tec t ing  the  long-chain  fa t ty  acids C22:5 a n d  C22:6 
because  they  reflect the  p re sence  of f ishmeal  in the  diet. 
C a p i l l a r y  G L C  a n a l y s i s  s h o w e d  t h a t  the  t h r e e  s a m p l e s  
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FIG. 2. Mass  spectra  o f  TMS derivat ives  o f ( a )  unknown compound i so lated  from lard; 
( b )  synthet ic  7a-hydroxycholest-4-en-3-one.  

containing 5~-,6~-epoxycholestanol  also had about  0.t 
and 0.3% of C22:5 and C22:6, respectively. Hence, it is con- 
ceivable tha t  even a small  intake of fishmeal rich in poly- 
unsa tu r a t ed  fat ty acids could enhance in vivo cholesterol  
peroxidat ion.  Whether  collection, t r a n s p o r t  and  process-  
ing of the  adipose t issue also have an effect on the concen- 
t ra t ion of cholesterol  oxides in lard remains  to be 
established. 

Quite subs tan t ia l  amounts  (about  0.5 ppm)  of 7~- 
hydroxycholest-4-en-3-one were de tec ted  in all the lard  

samples  analyzed. The 7~-hydroxycholest-4-en-3-one,  a 
minor  p roduc t  of the  au tox ida t ion  of cholesterol  (1), is 
also formed via an enzymatic  pa t hw a y  during the degra- 
dat ion of cholesterol  to bile acids (24). The presen t  s tudy  
is the first to r epor t  the  presence  of this cholesterol  
metabol i te  in porcine adipose  tissues. Fur the r  s tudies  are  
required to e lucidate  the accumula t ion  of 7~-hydroxy- 
cholest-4-en-3-one in fat  depots  in o ther  animals  and, in 
par t icu lar ,  the ex ten t  of accumula t ion  in adipose  t issue 
of pigs of var ious  ages and physiological conditions.  
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