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ABSTRACTS OF PAPERS 

1 
TECHNIQUES OF LIPID ANALYSIS. O.S. PRIVETT and 
\V.L. ERDAHL, The Hormel Institute, University of Minnesota, 
801 16th Ave. NE, Austin, MN 55912. 

A 16 mm fihn is presented showing techniques of lipid anal- 
ysis and associated methodology in sample handling and ex- 
traction. Special ized techniques  of th in  layer  c h r o m a t o g r a p h y  
( T L C )  and  ozonolysis for  detect ion and  ana lys i s  are  demon- 
s t ra ted .  A p p a r a t u s  and  techniques  are  also demons t r a t ed  for  
the  ana lys i s  of l ipids by l iquid c h r o m a t o g r a p h y  v i a  a f lame 
ionizat ion detector ( L C - F I D ) ,  a new liquid ch roma tog raphy-  
mass  spec t romet ry  compute r  sys tem (LC-MS-COM),  and  d i rec t  
ana lys i s  by chemical  ionizat ion m a s s  spec t rome t ry  v i a  a novel 
in t e r face -compute r  sys tem ( I F - C I M S - C O M ) .  

2 
I N T E R A C T I O N  OF  H U M A N  P L A S M A  H I G H  D E N S I T Y  
L I P O P R O T E I N  H D L :  (d 1 .063-1 .21  g / ro l l  W I T H  SYN- 
T H E T I C  P H O S P H O L I P I D S .  ELAZNE L. GONO, ALEX V. 
NICHOLS, and  TRUDY M. FORTE, D o n n e r  Labora to ry ,  L a w r e n c e  
Berke ley  Labora to ry ,  U n i v e r s i t y  of Cal i fornia ,  Berkeley,  CA 
94720.  

I n t e r a c t i o n  of HDL2,  a m a j o r  class of h igh  dens i ty  l ipoprote ins  
in h u m a n  plasma,  wi th  sonicates  of s a t u r a t e d  synthe t ic  phospho- 
l ipids dihexadecanoyl-  (D iC1 ,PC) ,  d i te t radecanoyl-  (DiC~4PC),  
didodecanoyl-  (DiCx2PC),  didecanoyl- (DiCloPC) ,  dioctanoyl-  
( D i C s P C ) ,  and  dihexanoyl-  ( D i C s P C )  phosphat idy l  choline, was  
evalula ted  by g r a d i e n t  gel electrophoresis ,  p r e p a r a t i v e  and  
ana ly t ic  u l t r acen t r i fuga t ion ,  and  electron microscopy.  I nc uba -  
t ion of H D L ~  wi th  PC  at  PC :apo l i pop ro t e in  H D L ~  ra t ios  
( m S I : m ~ )  < 1 . 5 : 1  (DiC:~PC,  DiCe:PC,  and  DiC~oPC) and  < 2 : 1  
( D i C s P C )  resul ted in  m a r k e d  dissociat ion of apol ipoprote in  A-I 

( apoA-I )  f rom the HDL_.. At  h i g h e r  ra t ios  of the  above PC,  
we observed less dissociated apoA-I  and  obta ined evidence  for  
its incorpora t ion  into n e w  complexes.  These complexes con- 
t a ined  apoA-I  and  the PC  used  in the  incuba t ion  m i x t u r e s  
and  had  physical-chemical  p roper t i e s  s imi l a r  to model com- 
plexes formed d u r i n g  in te rac t ion  of apoA-I  wi th  the  cor- 
r e spond ing  PC.  Release  of apoA-I  w a s  associa ted  wi th  u p t a k e  
of PC by t tDL. ,  and  resul ted in an  a p p a r e n t  inc rease  in  H D L 2  
part ic le  size at low and  h igh  ra t ios  for  m i x t u r e s  c on t a in ing  
D iC~ PC,  DiCr_,PC, and  DiCloPC. W i t h  DiCsPC at ra t ios  ~ 2 : 1 ,  
there was  little change  in H D L 2  par t ic le  size, a l though a sub- 
s tan t ia l  a m o u n t  of apoA-I  was  dissociated.  Above the  2 : 1  ra t io ,  
the electropboret io and  u l t r a c e n t r i f u g a l  p roper t i es  of the  H D L 2  
changed  drast ical ly,  i nd i c a t i ng  exteneive  r ed i s t r ibu t ion  of both 
lipid and  apol ipoprote in  components .  Comparab le  s tud ies  on the 
in te rac t ion  of H D L 2  wi th  DiCI,~PC and  DiC6PC, at both low and  
h igh  rat ios ,  showed little change  in H D L e  proper t ies .  O u r  resul t s  
indica te  that,  u n d e r  the exper imen ta l  condi t ions  used, the inter-  
act ion of PIDLe wi th  PC  which leads to PC  uptake ,  apol ipoprote in  
dissociat ion,  and  complexing  of apol ipoprote in  by  PC,  is s t rongly  
dependent  on acyl-chain length  of the  PC.  

3 
EFFECT OF PH0 SPHATIDYL CHOLINE ON THE 
HEMOLYTIC ACTIVITY OF BILE SALTS. ICH~RO HARA, 
.A[[TS~/YO 0IfAZAKI, Department of Chemistry, Tokyo Medical 
nnd Denta l  Unive r s i ty ,  Kohnodal ,  I c h i k a w a s h i ,  Chlba P re f ec tu re ,  
272, J a p a n  : ~AXOTO I=~AYASIC[[, and  YAKANOR[ I~OBAYASI:[I, 
U n i v e r s i t y  of Chiba, J a p a n .  

I t  is well k n o w n  tha t  bile sa l t s  can  solubilize m a n y  llpid-like 
ma t t e r s  by f o r m i n g  mixed  mice]ies wi th  them.  The  pur i f ied  
phosphat idy l  choline ( P C )  (soybean,  egg  yolk)  and  synthe t ic  
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dipalmitoyl  P C  were  mixed  wi th  chelate  ( N a C )  or  deoxycholate  
( D O C )  at  v a r i o u s  ra t ios  of the respec t ive  components .  W e  
assayed  the  hemolyt ic  ac t iv i ty  of these mixed  mlcelle solut ions 
by u s i n g  h u m a n  O-type blood red cell suspended  in 0 . 8 5 %  
NaC1 solution.  Hemolys i s  occur red  ab rup t ly  at  about  0.80 m:M 
~f DOC. which cor responds  a lmost  to the  CMC of D e c ,  bu t  
it is m a r k e d l y  inhib i ted  by a d d i n g  P C  to the  solution. The  
concen t ra t ion  of D 0 C  s h o w i n g  tha t  the hemolys is  inc reases  wi th  
i nc r ea s ing  a m o u n t  of PC  in it  is ind ica ted  in the  fo l lowing:  
PC/DOC ( r e e l / m o l l :  0.1, 0.33, 0.50, 0.677 concen t ra t ion  of 
D O C  for hemolysis  ( raM) : 0.88, 1.20, 4.20, 8.40.  The  hemolyt ic  
ac t iv i ty  of NaCI  is w e a k e r  than  tha t  of DOC,  and  it  is inhib i ted  
in the same  w a y  as the  D e c ,  bu t  i t  is l ikely tha t  the  ac t iv i ty  
of NaC1 most ly  inh ib i ted  only a t  the  ra t io  of 0.1 ( P C / N a C 1 ) .  

4 
A L T E R E D  F H O S P H O L I P I D  P O L Y U N S A T U R A T E D  F A T T Y  
A C I D  P A T T E R N S  I N  H E P A T I C  A N D  C E R E B R A L  T I S S U E S  
O F  V I T A M I N  B ~  D E F I C I E N T  R A T S .  JAM~S J .  PEIFER, 
J.N. MORGAn, and  R.D.  LEWIS, Foods and Nutrition Depart- 
ment, D a w s o n  Hall ,  U n i v e r s i t y  of Georg ia ,  Athens ,  GA 30602.  

Methyhnalonyl  CoA (MMCoA)  m u t a s e  a n d  homueys te ine  
m e t h y i t r a n s f e r a s e  ( H M T )  a re  both blocked by  a deficiency of 
v i t a m i n  B n  ( B ~ ) .  The  consequences  of such  metabol ic  blocks, 
i nc lud ing  an  inh ib i t ion  of aeetyl CoA carboxylase ,  could con- 
ceivably  i n t e r f e r e  w i t h  e longat ion  of l inoleate ( 1 8 : 2 )  a n d  the  
metabol i sm of p o l y u n s a t u r a t e d  fa t ty  ac id  ( P U F A ) - r l c h  phos- 
pholipids.  G r o u p s  of female  r a t s  w e r e  fed  die ts  tha t  inc luded  
3 .5% or 0 .35% 18:2,  2 4 %  soy protein, 0 .25% cystine, and 
0 or 5 /tg B~2/100 g diet. After 20 weeks of "B~ deprivation, 
hepat ic  levels of methy lmalon ic  acid  were 7 times greater than 
normal ,  l~atios of a r aeh idona t e  ( 2 0 : 4 )  to 1 8 : 2  were ,  respec- 
tively, 2.4 and  5.2 in  hepa t i c  phosphatid271 choline ( P C )  of B ~  
deficient  and  supplemented  g roups .  Cerebra l  phosphol ip ids  also 
conta ined  less 2 0 : 4  a n d  less total  w 6 - P U F A .  ~ o r e  18 :2 ,  bu t  
less 2 0 : 4  and  2 2 : 5 ,  were  found  in  phosphol ip ids  of B ~  deficient 
rats. Such obse rva t ions  sugges t  t h a t  a B ~  deficiency seriously 
i n t e r fe res  wi th  the  convers ion  of 1 8 : 2 - - ) 2 0 : 4 - - >  2 2 : 5 .  Related 
s tudies  s u g g e s t  t ha t  the  altered P U F A  p a t t e r n s  a re  p a r t l y  due 
to metabol ic  blocks of both mutase and H M T .  ( S u p p o r t e d  in  
p a r t  by  Ga.  Expt .  S ta t inn  S-87 Reg iona l  Projec~ f~lnds.) 

$ 
R A D I C A L S  F O R M E D  I N  A U T O X I D I Z I N G  M E T H Y L  L I N -  
O L E A T E  D U R I N G  T H E  I N D U C T I O N  P E R I O D .  TOSHIYUKI 
CHIna, KENSHIR0 FUJIMOTO, TAKASHI I(-A/qEDA, Facu l t y  of  
A g r i c u l t u r e ;  SHOZO I~U13OTA, and  YUSAKU IKEGAMI, Chem.  
Res.  Ins .  Nenaqueous  Solu t ion;  Tohoku  Un ive r s i t y ,  1-1 A m a m i -  
yamach i -Tsu t sumidor i ,  Sendal ,  J a p a n .  

M a n y  w o r k e r s  h a v e  s tud ied  the au tox ida t ion  m e c h a n i s m s  
and  oxida t ive  p roduc t s  of u n s a t u r a t e d  lipids,  bu t  little in- 
fo rma t ion  has  been repor ted  on the  a l te ra t ions  of l ipids d u r i n g  
the induc t ion  period.  Convent iona l  methods  for  the es t imat ion  
of l ipid oxidat ion are  not useful  to s t udy  the  changes  d u r i n g  the  
induc t ion  per iod  because changes  in  the  chemical  composi t ion 
are  too small  d u r i n g  tha t  period.  Reac t ions  d u r i n g  the induc-  
tion per iod a re  supposed  to be rad ica l  react ions,  a n d  severa l  
papers  have  been publ i shed  on the  f ree  rad ica l s  in au toxtd ized  
oils. The  in tens i t ies  of E S R  s igna ls  which we m e a s u r e d  wi thou t  
a sp in  t r a p  were  v e r y  w e a k  and  recognized only at  77* K, so 
it was  impossible  to analyze  the detai led s t r u c t u r e  of rad ica ls .  
In  this  p a p e r  the  au tox ida t ion  m e c h a n i s m  of methyl  l inoleate 
d u r i n g  the  induc t ion  per iod  was  inves t iga t ed  by  u s i n g  sp in  
t r aps  tha t  can t r ap  the  short- l ived f ree  rad ica l s .  As subs t r a t e  
oil, methyl  l inoleate ( M L )  w a s  p r e p a r e d  and  t race  peroxides  in 
ML were  e l imina ted  by silicic ac id  column ch roma tog raphy .  
Severa l  spin  t r aps  were  tested, and  i t  was  a sce r t a ined  tha t  
2 ,3 ,5 ,6- t r idcuter iomethyl  n i t rosobenzene ( D M N B )  w a s  sui table  
for  this  purpose .  ML and  D M N B  dissolved in benzene w e r e  
i r r ad i a t ed  wi th  U V  light,  and  E S R  w a s  measured .  The  E S R  
spec t rum consisted of a doublet or  t r iplet .  This  spec t rum 
indica ted  tha t  the t r apped  rad ica l s  were  secondary  alkyl rad ica ls .  
The benzene solut ions were  i r r a d i a t e d  wi th  l ight  passed  t h r ough  
several  filters. At  shor te r  wave leng ths  of l ight  g r e a t e r  inc rease  
of the s igna l  in tens i t ies  was  recognized.  A f t e r  severa l  m i n u t e s  
the s ignal  in t ens i ty  inc reased  little. A t  h igh  concen t ra t ion  
(1.5 X 10 aM), D M N B  acted as  the in i t i a to r  of r ad ica l  
product ion.  

6 
A N A L Y S I S  O F  A U T O X I D I Z E D  A N D  P H O T O S E N S I T I Z E D  
O X I D I Z E D  P A T S  B Y  G A S  C H R O M A T O G R A P H Y - M A S S  
S P E C T R O M E T R Y .  E ,N.  FRA/~IKEL, W . E .  NEFF, and  T .R.  
BESSLER, Nor the rn  Reg iona l  Resea rch  Center ,  U S D A ,  1815 
N. Un ive r s i t y ,  Peor ia ,  ] L  61604.  

The  oxida t ion  p roduc t s  of na tu r a l  f a t s  inc lude  hydrope rux ides  
of oleate, i inoleate, and  linolenate, and  methods  to d e t e r m i n e  
the i r  o r ig in  a re  of considerable  impor t ance  in e luc ida t ing  pre-  
cu r so r s  of offensive odors  and  f lavor  eompottnds.  Q u a n t i t a t i v e  
gas  c h r o m a t o g r a p h y - m a s s  spec t rome t ry  (GC-MS)  revea led  a 
re la t ively  cons tan t  i somer ic  hydroperox ide  composi t ion in  sam- 
ples of p u r e  oleate, l inoleate, and  l inolenate  autoxid ized  to 
di f ferent  peroxide  va lues  ( P V ) .  I n  contras t ,  w i th  soybean  oil 
es ters  the  i somer ic  hydroperox ide  d i s t r ibu t ion  v a r i e d  s ign i f ican t ly  
with di f fe ren t  levels of oxidat ion.  At  P V s  below 50 the  propor-  
tion of 10- a n d  12-hydroperoxides  was  h i g h e r  t h a n  expected by 
au tox ida t ion  of i nd iv idua l  f a t ty  es ters  o r  t he i r  mix tures .  Cot- 
tonseed and  safflower oil esters ,  f ree  of l inolenate,  also showed 
the p resence  of 12-hydroperoxides  w h e n  oxidized at  low levels. 
Severa l  l ines of evidence  suppor t  the  conclusion tha t  photo- 
sensi t ized oxida t ion  m a y  con t r ibu te  to the  u n i q u e  hydroperox ide  
cmnposi t ion of vegetable  oil es ters  a t  low P V s .  A complex 
mul t i tude  of volati le p roduc t s  i s  expected f r o m  decomposi t ion  
of each of the  12 i somer ic  hydroperox ides  found  in  oxidized 
soybean oil. 
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S T U D Y  OF A D D I T I O N  C O M P O U N D S  O F  T O C O P H E R O L  
A N D  L O N G  C H A I N  U N S A T U R A T E D  C O M P O U N D S .  HAJIME 
S~:INO and  SHOIC~I~IRO WATA~ABE, D e p a r t m e n t  of Chemis t ry ,  
Facu l ty  of H y g i e n i c  Sciences,  K i t a sa to  Un ive r s i t y ,  Asamizoda i  
1, S a g a m i h a r a - s h i ,  K a n a g a w a - k e n ,  228,  J a p a n .  

I t  w a s  repor ted  t h a t  an  addi t ion  compound  of  a-toeopherol  
and  ]inoleic acid  w a s  fo rmed  w h e n  they  were  hea ted  in  a i r .  
H o w e v e r ,  the  a c c u r a t e  s t r u c t u r e  of the  addi t ion  compound  
and  m e c h a n i s m  of i ts  f o r m a t i o n  h a v e  not  yet  been  clarified. 
c~-Tocopherol and  linoleic acid, oleic acid, or  methyl  es te rs  of 
these  ac ids  w e r e  mixed in severa l  r a t ios  a n d  hea ted  u n d e r  
v a r i o u s  condit ions.  The  f o r m a t i o n  of addi t ion  c o m p o u n d s  of 
a-tocopherol  and  l inoleic acid  or  methyl  l inoleate w a s  conf i rmed 
a l though tho~e of oleic acid  or  methyl  oleate were  not  observed.  
I t  was  also found  tha t  methyl  l inoleate could fo rm the  add i t ion  
compound  more  read i ly  t h a n  the  acid. 6 -Hydroxy-2 ,2 , f ,7 ,8 -  
pen tamethy l  c h r o m a n  w a s  then  synthes ized  by  the  reac t ion  of 
t r imethyl  hydroqu inone  and  isoprene,  and  used as the  model  
compound  of (~-tocopherol. The  model  compound  w a s  mixed  
in severa l  ra t ios  wi th  methyl  l inoleate and  hea ted  u n d e r  v a r i o u s  
condit ions.  The  reac t ion  m i x t u r e s  w e r e  analyzed per iodical ly  
by h igh  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  to examine the 
fo rma t ion  of the  add i t ion  compounds. 

$ 

T H E  L I P I D S  O F  H U M A N  M I L K :  A R E V I E W .  ROBER~ G. 
JE~rsEN a n d  RICHA/~I) M. CLARK, D e p a r t m e n t  of Nut r i t iona l  
Sciences ,  U n ive r s i t y  of Connect icut ,  S tor rs ,  CT 06268.  

H u m a n  milk  con ta ins  about  3 . 5 %  lipid,  9 8 %  of which  is 
t r iacylglycerol  w i th  pa lmi t ic  acid  p r i m a r i l y  as the  secondary  
ester .  Phosphol ip ids ,  sterols,  and  other  l ipids are  also) present .  
The cholesterol content  r a n g e s  f r o m  3 .4 -25 .0  m g  pe r  100 ml 
of milk.  Over  150 f a t t y  acids  h a v e  been found  in h u m a n  
mi lk  l ip ids ;  the m a j o r  f a t t y  ac ids  be ing  pa~mi~ic, oleie, s tear ic .  
and  linoleic. The  fa t ty  acid  composi t ion responds  to changes  
in  diet  wi th  linoleie acid  contents  of f r o m  1.0 to 4 5 . 0 %  h a v i n g  
been repor ted.  The a v e r a g e  a m o u n t  of linoleic acid  is about  
1 0 % .  T r a n s  u n s a t u r a t e d  fa t ty  acids,  2 - 1 8 % ,  have  also been 
detected. P rob l ems  in s amp l ing  a n d  ana lys i s  will be discussed.  
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F A T T Y  A C I D S  OF  H U M A N  M I L K  A N D  OF I N F A N T  
F O R M U L A E .  J . L .  BEARE-Ro6;~RS, L.M.  GRAY, and  R.  HOLLY- 
WOOD, B u r e a u  of Nu t r i t i ona l  Sciences,  Food Di rec to ra te ,  Ot tawa,  
On ta r io  K 1 A  0L2,  Canada .  

Most  of the polyenoic f a t t y  ac ids  in h u m a n  mi lk  sample  
reac ted  wi th  i ipoxidaae  and  therefore  con ta ined  the cis-cis- 
methy lene- in te r rup ted  sys tem of double bonds.  The  trans-fatty 
acids occur red  most ly  in  the 1 8 : 1  f rac t ion .  L a c t a t i n g  women  
l iv ing  at  home p roduced  milk  of a h i g h e r  content  of trans 
f a t ty  ac ids  than  did  women  in hospi ta ls .  Compared  to h u m a n  
milks, commerc ia l ly  avai lable  i n f a n t  fo rmulae  exhibi ted some 
pa r t i cu la r ly  h igh  levels of linoleic acid  and  lacked longer  cha in  
polyenoic f a t t y  ac ids  and  the phosphol ip ids  which  usua l ly  eon~ 
ta in  them. Such p roduc t s  migh t  be i m p r o v e d  by the addi t ion  
of a ~ e m b r a u e - r i c h  f r ac t ion  f r o m  cow's  milk.  
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L I P I D  C O M P O S I T I O N  O F  N O R M A L  A N D  I C T E R O G E N I C  
H U M A N  M I L K .  MARY ]~. PICCIANO, D e p a r t m e n t  of Foods  and  
Nut r i t ion ,  and  EDWARD G. PElCKINS, D e p a r t m e n t  of Food 
Science,  104 B u r n s i d e s  Resea rch  Labora to ry ,  U n i v e r s i t y  of 
l l , inois,  U r ba na ,  I L  61801.  

Pro longed  neonata l  n n e o n j u g a t e d  h y p e r b i l i r u b i n e m i a  associated 
with h u m a n  milk  f eed ing  has  been descr ibed  as  a cl inical  
ent i ty .  I t s  exac t  et iology is u n k n o w n .  Severa l  i n v e s t i g a t o r s  
ixave sugges ted  tha t  this  f o r m  of neona ta l  j a u n d i c e  is caused 
by inhib i t ion  of g lucu ron ide  c o n j u g a t i n g  sys tems  essent ia l  fo r  
b i l i rub in  excret ion.  I t  has  been repor ted  tha t  the  presence  of 
3a ,20  /~-pregnanediol is the  causa t ive  agen t  in the  mi lk  of 
mothers  n u r s i n g  i n f a n t s  wi~h pro longed  jaundice .  Th i s  com- 
pound  has  been shown to elicit a r i se  in  s e r u m  b i l i rub in  levels 
w h e n  a dmin i s t e r ed  to no rma l  t e r m  i n f a n t s  and  to inh ib i t  the  
excret ion of b i l i rub in  g lucuron ide  f r o m  ra t  l iver  slices. Recent  
ev idence  indica tes  tha t  3ct ,20-~-pregnanediol  m a y  not  be the  
sole causa t ive  fac tor  i n d u c i n g  pro longed hype rb i l i r ub inemia .  
Some i n v e s t i g a t o r s  have  been unable  to confirm its  p resence  
in h u m a n  milk  samples  f rom mothers  of afflicted in fan t s .  The  
p re sen t  inves t iga t ion  w a s  u n d e r t a k e n  to e x a m i n e  the  l ipid 
composi t ion of both the f a t ty  acid  and  unsaponi f iab le  f rac t ion  
f r o m  ic terogenie  mi lk  and  compare  it  to no rma l  h u m a n  
milk  lipid. The lipid composi t ions  w e r e  de t e rmined  and  con- 
f i rmed by both g a s  l iquid c h r o m a t o g r a p h y  and gas chroma-  
t o g r a p h y - m a s s  spec t romet ry .  
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H U M A N  M I L K  L I P I D S  AS  H O S T  R E S I S T A N C E  F A C T O R S .  
JON J .  KABA/~A, D e p a r t m e n t  of Biomechanics ,  E a s t  Fee Hall,  
Mich igan  State  Un ive r s i ty ,  E a s t  L a n s i n g ,  M I  48824.  

B r e a s t  f eed ing  of i n f a n t s  has  been rep laced  by m o d e r n  p re  
pa red  formulae .  I n  underdeve loped  countr ies ,  in  pa r t i cu l a r ,  
fo rmulae  f eed ing  has  become popular .  I t  is recognized  tha t  
b reas t  f eed ing  confers  on i n f a n t s  a degree  of r e s i s t ance  to 
infect ion not  p re sen t  in tl~ose fed cow or  synthe t ic  milk,  bu t  
the exac t  cause  of this  r e s i s t ance  is not  clearly unders tood.  
Severa l  an t ibac te r i a l  and  an t iv i r a l  f ac to r s  have  been detected 
in h u m a n  milk. Of the nonpro te in  factors ,  uncha rac t e r i zed  
l ipids h a v e  been impl ica ted  as the  nonspecif ic  an t ibac te r i a l  and 
an t iv i r a l  subs tances .  L ike ly  cand ida tes  found  in h u m a n  milk  
and shown to have  modera te  to s t r o n g  biological  ac t iv i ty  a re  
fa t ty  acids  and  monoglycer ides .  P a s t  r e la t ionsh ips  of s t r u c t u r e  
func t ion  ac t iv i ty  for  f a t t y  ac ids  and  the i r  monoes te r  will be 
reviewed.  L a u r i e  acid,  (C~'-') a s a t u r a t e d  acid, palmitoleic 
acid  (C~a:~), m o n o u n s a t u r a t e d  acid, and  linoleic acid ( C ~ : e L  
a po lyunsa tu ra t ed  acid were  the mos t  act ive m e m b e r s  of the i r  
respec t ive  f a t t y  acid  class. The  monoesters ,  however ,  of these  
same  fa t ty  ac ids  did not  follow this  same genera l i ty ,  and  the i r  
except ions  will be d iscussed.  The appl ica t ion of our  f ind ings  
and those of o thers  to food fo rmu la to r s  of i n f a n t  foods will be 
presen ted .  
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M A M M A R Y  T R A N S F E R  A N D  M E T A B O L I S M  O F  H A L O -  
G E N A T E D  L I P I D S  I N  T H E  R A T .  H . B . S .  CONACHER, R .K.  
CHAD'[A, S.M. CHARBONlqEAU. and  F. BRYCE, Food Resea rch  
Div is ion ,  Hea l th  P ro t ec t ion  Br anch ,  N e w  Resea rch  Cent re  
I I e a l t h  a n d  We l f a r e  Ca na da ,  T u n n e y ' s  P a s t u r e ,  O t t awa ,  Onta r io ,  
K1A 0L2,  Canada .  

To assess  possible incorpora t ion  of ha logena ted  fa t ty  acids 
into the neonate  v ia  the  milk,  l a c t a t i n g  W i s t a r  r a t s  were  oral ly 
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dosed wi th  e i ther  b r o m i n a t e d  olive oil ( B O O )  (0.6 g / k g  body 
w t / d a y )  or ch lor ina ted  olive oil ( C 0 0 )  (0.4 g / k g  body w t / d a y )  
for  4 days,  On days  1 - 5  inc lus ive  2 p u p s  per  l i t ter  w e r e  
sacr i f iced and  the  s tomach curd  a n d  l ivers  were  analyzed fo r  
i~aloge~ated f a t t y  ac ids  by g a s  l iquid ch roma tog raphy .  On 
day  5 all d a m s  w e r e  also sacr i f iced and  the i r  l ivers  and  adipose  
t i ssue  s imi la r ly  analyzed.  W i t h  BOO,  b r o m i n a t e d  f a t t y  ac ids  
(bfa)  accumula t ed  in both the  mi lk  l ipids  and  neona te  l iver  
Iipids, a n d  appea red  to p la teau  on day  4 a t  levels of 2 %  
and  5 % ,  respect ively.  I n  cont ras t  to the  BOO,  in  which  
app rox im a te ly  1 0 0 %  of the  bfa  w a s  d ib romos tea r i e  ( D B S ) ,  
the mi lk  bfa  compr i sed  7 7 %  ( D E S ) ,  8v~ d ib romopa lmi t i c  
( D B P ) ,  and  1 5 %  d ib romomyr i s t i c  ( D B M )  acids, s u g g e s t i n g  
m a t e r n a l  metabo l i sm to the shor te r  cha in  b r o m i n a t e d  acids.  I n  
the neonate  l iver  l ipids the  b fa  composi t ion w a s  4 4 %  ( D B S ) ,  
1 2 %  ( D B P ) ,  and  4 4 %  ( D B M ) ,  s u g g e s t i n g  e i ther  f u r t h e r  
metabol i sm in the neonate  a n d / o r  p re fe ren t i a l  accumula t ion  of 
the shor te r  cha in  b r o m i n a t e d  acids.  The  ana ly s i s  of m a t e r n a l  
t i ssues  ind ica ted  v e r y  low bfa  res idues ,  c o n t r a r y  to p r ev ious  
s tudies  in n o n l a c t a t i n g  ra ts .  S i m i l a r  resul t s  were  obta ined wi th  
COO. 
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D I A G N O S I S  OF E S S E N T I A L  FATTY A C i D  D E F I C I E N C Y .  
R~,.pr(  T. HOLMAN. The  I~ormel Ins t i tu t e .  U n i v e r s i t y  of 
3I inncsota .  ~01 16th Ave. NE,  Aust in .  MN 55912.  

The m a n i f e s t a t i o n s  of essent ia l  f a t ty  acid  ( E F A )  deficiency 
in m a n  will be rev iewed  and  i l lus t ra ted.  The  changes  in  f a t t y  
acid pa t t e rn s  of se rum and  t i ssue  l ipids have  been well char-  
acterized for m a n  and have  been found  to be qua l i ta t ive ly  
s imi l a r  to those observed in expe r imen ta l  an imals .  "Use of 
several  p a r a m e t e r s  calculated f rom ana lyses  of s e rum lipid f a t ty  
acids for the detect ion and  es t imat ion  of sever i ty  of E F A  
deficiency in m a n  will be presented .  Q u a n t i t a t i v e  methods  for  
e s t ima te  of r ecen t  in take  of E F A  wiU be described.  
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F A T T Y  A C I D  P A T T E R N S  O F  S E R U M  L I P I D S  I N  C Y S T I C  
F I B R O S I s .  SVSAN JOH~SO.~, The  H o r m e l  I n s t i t u t e :  JOHN 
L~.~u Chi ld ren ' s  Memor ia l  Hospi ta l ,  Chicago,  I L ;  and 
RALP~ T. HOLMAN, The  ] Jormel  Ins t i tu t e .  U n i v e r s i t y  of 
Minnesota .  801 16th Ave. NE,  Aus t in .  MN 55912,  

The fa t ty  acid  composi t ions  of se rum phosphol ipids  ( F L ) ,  
cbolesteryl  es ters  ( C E ) ,  t r ig lycer ides  ( T O ) ,  and  free f a t ty  ac ids  
( F A )  were  de te rmined  on a g roup  of cyst ic  f ibrosis ( C F )  
pa t ien ts .  These were  compared  wi th  s imi l a r  da ta  f rom r a n d o m  
hospital ized pa t i en t s  of both sexes r a n g i n g  in age  f r o m  0 to 
90 years .  F a t t y  acid  pa t t e rn s  in all l ipid classes were  skewed 
in the di rect ion of essent ia l  f a t ty  acid  ( E F A )  deficiency, bu t  
the dif ferences  were  most  d r a m a t i c  in PL. M a n y  calculated 
p a r a m e t e r s  useful  as indices  of E F A  s t a tu s  ind ica ted  tha t  
m a r g i n a l  E F A  deficiency exis ts  in CE. The a rach idon ic  ac id  
level in F A  was  m a r k e d l y  elevated in some of the  CF pa t ien ts .  
T r e a t m e n t  of 11 CF pa t i en t s  wi th  safflower oil (1 g / k g )  fa i led 
to correct  the abe r r a t i ons  in  fa t ty  acid  pa t t e rn .  
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E V A L U A T I O N  O F  F E T A L  L U N G  M A T U R I T Y  I N  U T E R O  
F,Y GAS C H R O M A T O G R A P H Y .  ERIC J .  SIN~,  RICHARD 
I)EPP, MARY ANN FLETCHER, D e p a r t m e n t  of  Obste t r ics  and  
Gynecology;  and  DANTE G. SCAEPELLI, D e p a r t m e n t  of Pathol -  
ogy;  Nor thwes t e rn  U n i v e r s i t y  Medical  School, 333 E. S u p e r i o r  
St., Chicago.  I L  60611.  

The re  a re  v a r i o u s  methods  for  the  pred ic t ion  of fe ta i  l ung  
m a t u r i t y .  Amnio t i c  fluid phosphol ipid th in  layer  chromat -  
og raph ic  pa t t e rn s  can be used  for  a s s e s smen t  of fetal  l u n g  
ma tu r i t y .  The  level of phosphat idy l  e thano lamine  is a good 
m a r k e r  for  fetal l ung  m a t u r i t y  in no rma l  h u m a n  p r e g n a n c y .  
At  t e rm p r e g n a n c y  the level of phospha t idy l  e thano lamine  is  
s igni f icant ly  lower when  compared  wi th  ea r l i e r  ges ta t ion  levels. 
S imi la r ly  the level of 2 0 : 4  fa t ty  acid  is low at  t e rm p r e g n a n c y ,  
The  level of pa lmi t ic  acid  in total l ipid of h u m a n  amnio t i c  
fluid is a d iagnos t ic  va lue  for  the  fetal  l u n g  m a t u r i t y .  The  
con t am ina t i on  of mecon ium and  the total paImi t ic  ac id  in 
h u m a n  amnio t ic  fluid will be d iscussed.  The total  p a l m i t i c /  
s t ea r i c  acid  ra t io  at  v a r i o u s  ges ta t iona l  weeks  will be presen ted ,  
and  the  resul t s  win  be correlated wi th  fetal  l u n g  m a t u r i t y .  
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I N V O L V E M E N T  OF  P R O S T A G L A N D I N S  I N  R E S P I R A T O R Y  
D I S T R E S S  S Y N D R O M E  I N  T H E  N E W B O R N .  ERIC J .  SING, 
D e p a r t m e n t  of Obs te t r ics  and  Gynecology,  N o r t h w e s t e r n  Uni-  
ve r s i ty  Medical  School. 333 E. S u p e r i o r  St.,  Chicago, I L  60611.  

Amnio t i c  fluid phosphol ipids  m a y  be i m p o r t a n t  compounds  
clinically for  severa l  reasons .  I t  seems tha t  phosphat idy l  
e thano lamine  and  possibly phosphat idy l  se r ine  contents  of l u n g  
play a m a j o r  role in the  synthes i s  of p r o s t a g l a n d i n s ;  however ,  
the phosphat idy l  choline con ta ins  a rach idon ic  acid. I t  seems 
possible tha t  the  f a t t y  acids  2 0 : 4  a n d  1 8 : 2  m i g h t  be associa ted  
wi th  i n f a n t s  who develop r e s p i r a t o r y  d i s t ress  s y n d r o m e  (P~DS).  
There fore ,  i t  is the  purpose  of th is  r epo r t  to p r e sen t  the  d a t a  
on p r e c u r s o r  of p r e s t a g l a n d i n s  in  bu reau  amnio t i c  fluid at  
v a r i o u s  ges ta t iona l  weeks.  A theory  is sugges t ed  tha t  pros ta-  
g l and ins  a re  involved in R D S  and  s a t u r a t e d  fa t ty  ac ids  a re  
s u r f a c t a n t  in h u m a n  lung.  I n  i m m a t u r e  l u n g  the  p r e c u r s o r  
of p r o s t a g l a n d i n s  a re  h igh  as compared  wi th  m a t u r e  lang .  I t  
m a y  be possible tha t  p r o s t a g l a n d i n  F~a is involved in the  process  
of R D S .  I t  is i n t e r e s t i n g  tha t  the l ungs  of p r e m a t u r e  i n f a n t s  
a re  deficient  in s a t u r a t e d  fa t ty  acids.  I n  n e w b o r n  i n f a n t s  the  
R D S  is caused  by the  abi l i ty  of the  fetal  or neona ta l  l u n g  to 
synthes ize  adequa te  quan t i t i e s  of p r o s t a g l a n d i n  F2a and  lack  
of s a t u r a t e d  fa t ty  acids,  wh ich  act  as  s u r f a c t a n t .  Al though 
p ros t ag l and ins  a re  not  d i rec t ly  a s sayed  in a n y  of these  ex- 
pe r iments ,  i t  seems l ikely tha t  they  act  as local a u t o r e g u l a t o r y  
agents .  A d i scuss ion  of the  re la t ionsh ip  a m o n g  m a t u r i t y  and 
p r e m a t u r i t y  of lung,  a n d  R D S  will  be p resen ted .  
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I N V E S T I G A T I O N  O F  T H E  L O W  L E V E L S  O F  L I N O L E I C  
A C I D  I N  T H E  S K I N  L I P I D S  O F  A C N E  P A T I E N T S .  MARY 
ELLEN STEWART and  DONALD T. DOWNIN6, D e r m a t o l o g y  
D e p a r t m e n t ,  College of Medicine,  U n i v e r s i t y  of I owa ,  I o w a  
City, I A  52242.  

O u r  p r e v i o u s  s tud ies  h a v e  shown t h a t  the  linoleic acid con- 
ten t  of the  sk in  su r f ace  l ipids of acne  pa t i en t s  ( 0 . 1 9 % )  is 

much lower t h a n  tha t  of normal  subjec ts  ( 0 . 5 6 % ) .  S ince  hyper-  
ke ra tos i s  is a symptom of essent ia l  fa t ty  acid  deficiency, low 
linoleic acid levels m i g h t  be respons ib le  for the fol l icular  hyper- 
ke ra tos i s  charac te r i s t i c  of ache.  :However,  a g r o u p  of ache 
pa t ien ts  was  not  found  to be deficient  in c i r cu la t ing  essential  
fa t ty  ac ids  re la t ive  to a control g roup .  Since any  deficiency in 
acne m i g h t  be localized in the  skin ,  we  h a v e  examined  the 
ana tomica l  o r ig in  of the linoleic acid found  in sk in  su r f ace  
]ipids. P r e p a r a t i v e  sepa ra t ions  of w a x  es te rs  (which  o r ig ina t e  
in the  sebaceous g l a nds )  f rom cholesterol es ters  (3~oming both 
f rom the g lands  and f rom the e p i d e r m i s )  b a r e  been achieved 
by thin layer  c h r o m a t o g r a p h y  and  gas  l iquid ch r oma tog r a phy .  Ex- 
a m i n a t i o n  of the f a t t y  ac ids  recovered  f r o m  the es ters  indica ted  
that  the sebaceous l ipids  r e a c h i n g  the  sk in  su r f ace  m a y  be 
devoid of linoleic acid, the presence  of which  in the  total su r f ace  
l ipids m a y  be dependen t  upon the  ep idermal  cont r ibut ion .  Since  
we have  shown tha t  the phosphat idy l  choline f r o m  isolated 
sebaceous g lands  con ta ins  3 . 1 %  linoleic acid, th is  m u s t  be 
recycled before  the  m a t u r i n g  sebaceous  cells d i s r up t  and  release 
their  l ipid content  to tile skin  su r face .  

I8  
D I E T A R Y  R E Q U I R E M E N T S  F O R  L I N O L E N I C  A C I D  I N  
A N I M A L S .  J ,  T I N oc o ,  R.  BABCOCK, I .  H1NCENBEE~S, B.  
MEDWADOWSKI, and  P.  MII,JANIC~I, D e p a r t m e n t  of Nut r i t iona l  
Sciences,  U n i v e r s i t y  of Cal i fornia ,  Berkeley,  CA 94720.  

L inolen ic  acid  (a- l inolenic  acid, 9 ,12,15 oc tadeca t r ienoic  acid 
or  1 8 : 3 n - 3 )  is synthes ized  by p lan ts  bu t  not  by ve r t eb ra t e s .  I t  
is efficiently digested,  absorbed,  metabolized,  and  t r a n s p o r t e d  in 
the  an imal  body. I n  some species  i t  can  be e longated and  
d e s a t u r a t e d  to h i g h e r  homologs.  T h e r e  m u s t  be g r e a t  select ivi ty  
for  n-3 fa t ty  ac ids  in metabolic  a n d  t r a n s p o r t  processes  because 
n-3 fa t ty  acids  a re  specifically located in p a r t i c u l a r  phospho- 
lipid molecules in specific o r g a n s  or  organelles ,  The  fac t  that  
these selective processes  have  s u r v i v e d  evo lu t iona ry  p re s su re s  
sugges t s  tha t  n-3 fa t ty  ac ids  m a y  play an essent ia l  role in  
an ima l  cells. So f a r ,  essent ia l i ty  of d ie ta ry  n-3 f a t t y  acid has  
been proved only in fish. R a i n b o w  trout ,  for  example,  r equ i re  
roughly  1 %  of the diet as e i ther  18 :3n-3  or  2 2 : 6 n - 3  for  
normal  g rowth  a n d  development ,  and,  un l ike  warm-blooded ani- 
mals,  r equ i re  little o r  no l inoleate ( 18 :2n - f i )  o r  e ther  n-6 
f a t ty  acids.  At  leas t  th ree  o ther  species  of fish a re  k n o w n  to 
requ i re  n-3 f a t t y  ac ids  for  good g rowth .  I n  warm-blooded 
animals ,  the d i e t a ry  r equ i r emen t ,  i f  any,  for  n-3 f a t t y  acids  is 
u n k n o w n .  Linolen ic  ac id  does have  g r o w t h - s t i m u l a t i n g  ac t iv i ty  
in essent ia l  f a t ty  acid-deficient  rats ,  bu t  does not  cu re  the 
de r ma t i t i s  and  in fe r t i l i ty  cha rac te r i s t i c  of E F A  deficiency. We  
have  ra i sed  r a t s  for  two or th ree  gene ra t i ons  on diets  that  
p rov ide  only about  40 m g / k g  diet  of 18 :3n-3 ,  p lus  12.5 g / k g  
of 18 :2n-6 .  These  r a t s  were  s imi l a r  in growth ,  food intake,  
o r g a n  weight ,  and  a p p e a r a n c e  to r a t s  t ha t  had  been ra i sed  on 
a diet  con ta in ing  2.5 g 18 :3n-3  plus 10 g 1 8 : 2 n - 6 / k g  diet.  I n  
l ipids of the l inolenate-deficient  ra ts ,  n-3 f a t ty  acids,  especially 
22 :6n-3 ,  w e r e  reduced  to 1 0 %  or  less of control  values ,  and  
were  replaced la rge ly  by  22 :5n -6 .  Thus  the  r e q u i r e m e n t  of 
d ie ta ry  n-3 fa t ty  acids  for  s u r v i v a l  in r a t s  is no g r e a t e r  than  
about  40 m g / k g  diet. (Th i s  w o r k  was  suppor ted  in  p a r t  by 
U S P H S  g r a n t  AM 10166 and  by Coopera t ive  Reg iona l  P ro jec t  
NC-95, Cal i forn ia  Agr i cu l tu ra l  E x p e r i m e n t  S ta t ion . )  
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L I P I D  C H A N G E S  I N  P E R I P H E R A L  N E R V E  M Y E L I N  I N  
E S S E N T I A L  F A T T Y  A C I D  D E F I C I E N C Y .  JEFFREY K.  YAO, 
BrCUCE A- EVANS, Mayo Cl inic ;  RA~PH T. HOLMAN, H o r m e t  
I n s t i t u t e ;  MICHAEL F. LUBOZY~qSKI, and  PETER JAMES Du 
Room 812, O u g g e n h e i m  Bui ld ing ,  Mayo Clinic, 200 1st St.  SW,  
Rochester ,  MN 55901.  

The  effect of essent ia l  f a t ty  acid  deficiency ( E F A D )  on 
pe r iphera l  ne rve  ( P N )  funct ion ,  s t ruc tu re ,  and  myel in  com- 
posit ion is l a rge ly  u n k n o w n .  The  l ipid classes and  fa t ty  acid 
composi t ion of isolated myel in  f r o m  r a t s  fed E F A D  diets  for  
8 m o n t h s  a f t e r  w e a n i n g  were  compared  to those of controls  
fed convent ional  diets.  E icosa t r i eno ie  acid  ( 2 0 : 3 w 9 ) ,  which  
was  not  f ound  in control  myel in ,  was  p re sen t  in  phosphol ip ids  
and  f ree  fa t ty  acids  of E E A D - P N  myelin.  A lower  p ropor t ion  
of 18:2to6 and  20 :4w6,  and  a h i g h e r  propor t ion  of 1 8 : 1 w 9  w a s  
seen in E F A D - P N  myel in  than  in control  myel in .  The  cho- 
lesterol, phospholipid,  and  g lycosphingol ip id  content  of E F A D - P N  
myelin w a s  about  one-half  t ha t  of control  myel in .  I n  both E F A  
and control  rats ,  sc ia t ic  ne rve  of one h i n d  l imb w a s  c rushed  
and allowed to r e g e n e r a t e  for  18 weeks .  The  ra t io  of 2 0 : 3 ~ 9  
to 2 0 : 4 w 6  in phosphol ipids  f rom r e g e n e r a t e d  myel in  w a s  s imi la r  
to t ha t  found  in u n c r u s h e d  myel in .  F a t t y  ac id  nrofiles of 
phosphol ipids  and  g lycosphingol ip ids  w e r e  also s imi la r ,  which 
sugges t s  that,  d u r i n g  degene ra t ion  and  regenera t ion ,  myel in  
l ipids  a re  seques tered  and  reused .  No s ign i f ican t  difference 
was  found  in histological,  morphological ,  electrophysiological ,  
and  axonal  t r a n s p o r t  s tudies  be tween  deficient  and  control  
nerves .  A sl ightly smal ler  m e d i a n  d iamete r ,  however ,  w a s  found  
in r egene ra t ed  E F A D  mye] ina ted  fibers. These  resul t s  sugges t  
t ha t  changes  of l ipid composi t ion of myelin,  s econdary  to 
E F A D ,  m a y  be p ronounced  w i thou t  r e s u l t i n g  in a detectable 
change  in func t ion  or  s t r uc tu r e .  Nerve  r egene r a t i on  m a y  be 
sli tl 'ghty impeded  by  E F A  deficiency. 
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L O W  D I E T A R Y  I R O N  M A Y  C A U S E  A D E L A Y  I N  T H E  
O N S E T  OF E S S E N T I A L  F A T T Y  A C I D  D E F I C I E N O Y .  O, 
ANANDA RAO and  ED'CCARD C. LARRIN, V e t e r a n s  A d m i n i s t r a t i o n  
Medical  Center,  150 M u i r  Rd.  ( 1 5 1 - t t ) ,  Mar t inez ,  CA 94553.  

T i s sue  de sa tu r a se  ac t iv i ty  is enhanced  w h e n  an ima l s  a re  
fed a fa t - f ree  diet.  S ince  cy toehreme b5 and  the  cyan ide  sensi-  
t ive  fac tor  p resen t  in  d e s a t u r a s e  enzyme  conta in  i ron,  we  
theorized that  i f  i ron is excluded f r o m  the diet, the  inc rease  
in the ac t iv i ty  of the  enzyme could be p reven ted .  I n  the p r e sen t  
s tudy,  we fed y o u n g  ra t s  fa t - f ree  diets  for  2 months .  Die t s  
were  of a low i ron  content  o r  w e r e  supp lemented  w i t h  i ron.  
Analys i s  of the f a t ty  acid  composi t ion of l ipids  of t i s sues  
( in tes t ina l  mucosa ,  l iver,  p lasma,  and  e ry th rocy tes )  showed 
tha t  the re la t ive  level of 16 :1  to 1 6 : 0  w a s  decreased  by f eed ing  
a low iron diet, T h i s  indica ted  tha t  the  t i s sue  d e s a t u r a s e  activ- 
ity w a s  depressed  by low levels of d i e t a r y  i ron.  The  levela of 
1 8 : 2  and  2 0 : 4  were  apprec iab ly  g r e a t e r  in  t i s sue  l ipids  of 
ra t s  fed a low i ron  diet  t h a n  in those f rmu  r a t s  fed  an  iron 
supplemented  diet. Thus ,  the capac i ty  of t i s sues  to  re ta in  
essent ia l  fa t ty  acids  w a s  enhanced  by  the  exclus ion  of d ie ta ry  
iron.  The  level of 2 0 : 3  was  m u c h  g r e a t e r  than  tha t  of 2 0 : 4  
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in t issues of ra ts  fed the i ron supplemented diet, whereas  the 
level of 2 0 : 4  was h igh  and t ha t  of 2 0 : 3  was small  on feeding 
a low iron diet. Therefore, the onset  of essential  fa t ty  acid 
deficiency, as indicated by the ratio of 2 0 : 3  to 2 0 : 4  in  t issues,  
was delayed due to feeding the low iron diet. The packed red 
ceil volumes of ra ts  fed ei ther  diet  were essential ly s imilar .  
Th,lS, upon feeding a fat-free, low i ron  diet, a l though desa turase  
ac t iv i ty  was decreased, u t i l iza t ion of i ron  for  red cell synthesis  
was unaffected. 
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R E L I A B I L I T Y  AND O P T I O N A L  O P E R A T I N G  C O N D I T I O N S  
W I T H  M O D E R N  F L A K E R S .  JACK A. HOSTETTLER, Oil Mill- 
ing Divis ion,  Buhler-Miag,  Ine.,  Minneapolis ,  MN. 

The design of flakers has been steadi ly improved over the 
past  decade. The development to high capaci ty p lan ts  has re- 
quired very reliable machines which must  also meet today 's  
high requirements  in regard  to san i ta t ion  and noise emission. 
Improved  feeding systems and product  side guides resul t  in  an 
even wear  over the ent i re  roll length, which minimizes  the 
roll maintenance.  
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E F F E C T  OF S E E D  P R E P A R A T I O N  ON O I L  Q U A L I T Y  IN 
F I L T R A T I O N  E X T R A C T I O N  OF R A P E S E E D .  AKIICA 
NISHIOKA, Oil & F a t  Technical  Center, Aj inomoto Co., Inc.,  
7-14 Daikokucho,  Tsururni-ku,  Yokohama 230, J a p a n ;  MASAO 
NAGASHIMA, and TETSUO HINO, Toyo Oil Mills Co., Inc.  

The effects of the condit ions of seed p repara t ion  such as 
mois ture  content  of seed, cooking temperature ,  and re tent ion 
t ime for p re t rea tment  in  f i l t rat ion extract ion of rapeseed on the 
qual i ty  of rapeseed oil, i nc lud ing  content  of phospholipids,  
b iva len t  metal  (MS, Ca) ,  and hydra tab i l i t y  of phosphol iplds  are 
studied. As a result,  the e la t ion of phosphol ipids  and Mg 
increased as mois ture  of rapeseed increased and cooking condi- 
t ions became more severe. I-Iowever, e la t ion  of Ca indica ted  
n lax imum value  at  100 C and 30 rain. I n  general,  a simple 
equat ion is used to represent  the re la t ion  between content  of 
phosphol ipids  and M s +  Ca contained in extracted oil unde r  
normal  p re t rea tment  condit ions.  The hydra tab i l i ty  of phospho- 
l ipids  in extracted oil depends on the content of the b iva len t  
metals. Therefore, the content  of phosphol ip ids  in  degummed 
oil can be est imated accurately by measur ing  the content  of 
Mg + Ca in extracted oil. I n  view of the above results,  i t  is 
desirable to perform seed p repara t ion  under  low mois ture  con- 
tent  in  order  to obtain crude oil which contains  hydra tahle  
phospholipids.  I t  is reported by Hvolby  tha t  phosphol ip ids  
combined with Ca and Mg are nonhydra tab le  in the case of 
soybean oil. The same resul t  is also obtained for  rapeseed oil. 
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E V A L U A T I O N  OF E X T R A C T I O N  P L A N T  D E S I G N  AND 
O P E R A T I O N .  EDWARD D. MILLIGAI~ and DAVID C. TARDY', 
E MI  Corporat ion,  3166 Des Pla ines  Ave., Des Plaines,  I L  
60018. 

The design cr i ter ia  and opera t ing  techniques for  oilseed sol- 
vent  extract ion plants  have undergone  cont inua l  modificat ions 
over the pas t  35 years. The purpose of these modificat ions has 
ahvays been to achieve more reliable equipment  capable of 
cont inuous  extended operat ion wi thou t  the need for excessive 
maintenance,  and capable of efficient operat ion with adequate 
reserve for upsets while st i l l  r e t a i n i n g  economy of inves tmen t  
and opera t ion;  then to operate this  equipment  safely while 
still ob ta in ing  high qual i ty  products  at  the lowest possible 
product ion cost. Experience has shown tha t  a successful  in- 
s tal la t ion depends not  only on the extractor  i tself  bu t  also 
on the proper  design and operat ion of other areas inc lud ing  
preparat ion,  miscella dis t i l la t ion,  meal desolventizing,  solvent  
recovery, mater ia l  handl ing ,  etc. This paper  reviews some 
of these design cr i ter ia  and opera t ing  techniques  tha t  are used 
today, with pa r t i cu la r  emphasis  on the dependency of the 
design and operat ion of one pa r t  of the plant  wi th  the others. 
Some procedures for  eva lua t ing  both a proposed p lan t  design 
and an exis t ing operat ion are also presented.  

2 4  
I M P R O V E M E N T S  AND I N N O V A T I O N S  IN T H E  TECH-  
NOLOGY AND E Q U I P M E N T  OF O I L  P R O C E S S I N G .  H.L.S .  
STAFF, H.L.S .  Ltd. ,  I n d u s t r i a l  E n g i n e e r i n g  Company, PO Box 
193, Pe tah  Tikva,  Israel .  

H.L.S .  improvements  and innova t ions  in  the technology and 
equipment  of oil process ing are discussed such as a new 
design of extractor  baskets (T.O.M.) which t u rn  over at midway  
thus  i n v e r t i n g  the mater ia l  and d ropp ing  i t  into the basket  
below in order  to avoid format ion  of an impermeable layer 
of cake or material .  This  reduces extract ion tinle and increases 
the miscella concentrat ion.  An over lapp ing  s t r ip  of flexible 
mater ia l  is attached to each basket  and covers the spaces 
between the baskets, thus  e l imina t ing  the sp i l l ing  of material .  
In  the deacidifier-deodorizer opera t ing  senti-continuously or 
continuously,  the location of all heat  t r ans fe r  equipment  is 
outside the unit ,  and a special oil-to-oil heat  exchaffger ensures 
a good recupera t ion  of calories. Two k inds  of steam intro- 
duc ing  devices ensure perfect  dispers ion of steam in  oil and 
in tensive  contact with the oil at  the same t ime low consumption 
of s t r ipp ing  steam. H.L.S .  has also developed a new win- 
terizing, dewaxing,  and f r ac t iona t ing  method in  solvent  (iso- 
propyl alcohol) wi thout  the use of filters and centr i fuges.  
The separat ion between l iquid and solid f rac t ions  (crysta ls)  is 
carr ied out by a special cont inuous  decanta t ion  system. 
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SOME S T U D I E S  ON F U R T H E R  I M P R O V E M E N T  OF T H E  
Q U A L I T I E S  OF E D I B L E  0 I L S .  MORIO HAMASHIMA, HISASItI 
WATANABE, TADASU FUJITA, MASANAO OZEKI, and KOSAI(U 
YASUDA, Research and Development  Divis ion,  The Nisshin Oil 
Mills, Ltd.,  3,1-Chmne, Chiwaka-cho, Kanagawa-ku,  Yokohama, 
221, Japan .  

The improvement  of the qual i ty  of edible oils is an old yet  
still  new subject  which has even more g rowing  importance to 
the oil i ndus t ry  these days in Japan ,  as oils obtain a wide 
range of use in many  segments of the food indus t ry .  There 
are many  factors which affect the qual i ty  of the oils du r in~  
processing, i nc lud ing  selection of raw mater ia l  origin,  method 
of crushing,  refining, and packaging.  This  paper  will review 
our experiences in some areas of processing of soybean oil 

and rapeseed oil, which are major  and popula r  sources of 
l iquid  oil in J a p a n .  Topics discussed are :  (a)  c rush ing  con- 
di . ion and qual i ty  of the oil and meal, (b) improvement  of 
f lavor s tabi l i ty  of edible oils by t r ans f e r /hyd rogena t ion ,  and (c) 
improvement  of f lavor  and oxidat ive stabi l i t ies  of edible oils 
in a plas t ic  bottle wi th  n i t rogen  gas. 
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T H E  R E F I N I N G  OF F A T T Y  O I L S :  T H E  R O L E  OF T H E  
M I N O R  C O N S T I T U E N T S .  MORRIS )/[ATTIKO~,V, Consultant ,  
New York. NY. 

The amoun t  and na tu re  of the minor  const i tuents  of a crude 
vegetable oil often are the de te rmin ing  factors tha t  influence 
the type of ref ining and the ref ining losses incurred.  I n  as much 
as the phosphat ides  are present  in  most crude vegetable oils, as 
tile ma jo r  component of the minor  const i tuents  of crude soy 
oils, or in much lesser amounts  in crude pabn oils, the P 
content of the final refined oil can serve as an index of the 
degree or extent of refining, a measure  of the qua l i ty  along 
with other s tandards .  The minor  const i tuents  of a crude vege- 
table oil also play a role in the "ecological fac tor"  tha t  has be- 
come of increas ing  concern in the past  ten years. Special 
processes for the t rea tment  of soapstocks have been proposed 
to reduce or e l iminate  waste effluents, and  at  the same t ime 
produce upgraded  acid oils. For  crude ve~'etable oils, such as 
crude pahn oils tha t  lend themselves to steanl refining, the 
problems a r i s ing  from the product ion  of soapstock as in alkali  
refining, the most  common method, are avoided. The problems 
of ac idula t ion  of soapsteek are essential ly caused by the phos- 
phat ides  of the crude oil tha t  was alkali  refined. The phos- 
phatides,  not  completely spli t  in tlle ref ining with sodium 
hydroxide solution, and then in  the soapstock, fu r the r  resist  
decomposit ion wi th  su l fu r ic  acid. Nondegummed crude fa t ty  
oils, for example soy oil or corn oil relat ively h igh  in  plxos- 
phatides,  yield soapstocks tha t  are more difficult to spl i t  than  
soapstock from low phosphat ide  crude oils. 
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S O L V E N T  E X T R A C T I O N  OF S P E N T  B L E A C H  CLAY. DAVID 
C. TANDY and RALPH W. BERGER, E M I  Corporat ion,  3166 Des 
Pla ines  Ave., Des Plaines,  I L  60018. 

I n  the ref ining of vegetable oils, bleaching to obtain a l ighter  
color is one of the commonly used processing steps. I t  is done 
ei ther  in batch or cont inuous  uni t s  and involves  the addi t ion  of 
ac t ivated earth b leaching clays to the oil followed by hea t ing  and 
mix ing  of the s lur ry  for sufficient t ime to allow the clay to absorb 
the color from the oil. The s lur ry  is then filtered to remove the 
clay. To minimize the oil loss, the filter cake is usua l ly  steamed 
and blown with a i r  to recover as much oil as possihle before 
d ispos ing  of the spent  clay. However,  flood qual i ty  clays have 
high absorbent  ac t iv i ty  and, therefore, can re ta in  as much as 
4 5 %  their  weight  of oil. This  oil can be recovered by solvent 
extraction.  This  paper discusses a clay filter cake solvent 
extract ion process recently designed and instal led in a large 
edible oil refinery. The process involves  the c i rcula t ion  of 
hexane through the cake on a pressure  leaf filter and the 
subsequent  evapora t ion  of the hexane from the hexane-oil 
miscella. The operat ion was in tegra ted  into the normal  bleach 
filter cycle and special safety precau t ions  were in t roduced  for 
hand l ing  the f lammable solvent.  

2 8  
DRY-COLUMN M E T H O D  FOR E X T R A C T I O N  OF L I P I D  
FROM M U S C L E  AND A D I P O S E  T I S S U E S .  ~VILLIAX[ N. 
~IAR~IER, ROBEI~T J.  MAXWELL, MARTA P. ZUBILLAGA, and 
GAIL A. DALICKAS, Eas te rn  Regional  Research Center, USDA,  
600 E. Mermaid  Lane, Phi ladelphia ,  PA 19118. 

We have developed a dry-column method for the isolat ion of 
l ipid from muscle and adipose t issues tha t  is a marked  de- 
par ture  from procedures current ly  used. Unl ike  ei ther  the 
Folch or the Bligh-Dyer method, the new method requires  
nei ther  t issue homogenizat ion in  solvent  before extract ion nor 
the removal  of non l ip ids  af ter  extraction.  Ins tead ,  a weighed 
sample of t issue is added to a mortar ,  g round  wi th  anhydrous  
sodium sulfate  and then wi th  Celite 545 diatomaceous earth.  
The resu l t ing  dry  powder is t r ans fe r red  to a chromatographic  
column and the l ip id - - to t a l ,  or neutra l ,  and polar, in  succes- 
sion elated with the proper  solvents.  We extracted several 
t issue samples in tbis  manner  and found  tha t  the resul ts  com- 
pared favorably  with those from paral le l  Folch extract ions.  To 
establish the best condi t ions  for  l ip id  e la t ion and nonl ip id  
retention, we experimented with a l tera t ions  in  tile solvent  sys- 
tem and tile use of postelut ion adsorbents  at  the base of the 
column. We followed the elat ion of phosphoIipids by moni to r ing  
the eluates by th in  layer chromatography (TLC)  and colorimetric 
de te rmina t ion  of phosphorus.  TLC wi th  v i sua l iza t ion  by 
n i n h y d r i n  showed tile presence or absence of nonl ipid,  which 
was also quant i f ied grav imet r ica l ly  af ter  f rae t iona t ion  us ing  
Sephadex G-25 chromatography.  Because the new method com- 
bines efficient and nondes t ruc t ive  extract ion of l ip ids  with 
s implici ty and r ap id i ty  of operat ion and in  addi t ion  allows a 
par t ia l  resolut ion of l ip id  classes, research chemists and  food 
scientists  should find i t  vas t ly  super ior  to cur ren t ly  used 
procedures. 

2 9  
S T U D I E S  ON T H E  M E T A B O L I C  F A T E  OF A L P H A  O L E F I N  
S U L F O N A T E .  SHUNJI  INOUE, AKIlCA FUKUSHIMA, MASAHIDE 
I1.MORI, Lion BioI. Res. Lab . ;  J .S.  O'GRoDNICK, G.D. DUPRE, 
B i o / d y n a m i c s  Inc. ; an(] SETSUO TOMISA'*VA, Depa r tmen t  of 
Pharm.,  Ki tasa to  Univers i ty ,  202, Taj ima,  Odawara-Shl ,  
Kanagawa  Pref.,  J apan .  

The absorption,  d is t r ibut ion,  metabolism, and excretion of 
l~C-alpha olefin sulfonate  (AOS) were s tudied in ra ts  by oral 
admin i s t r a t ion  of 100 mg (50 #Ci)  l*C-AOS/kg.  After  dosing, 
14CAOS was easily absorbed from the gas t ro in tes t ina l  tract .  
The blood level reached the peak 3 hr  af ter  dosing and then 
rapidly  el iminated.  Twenty-four  hr  af ter  dosing', about  2 %  
of the 11C-AOS given  was detected in cecum contents, but  in  
other t issues llle figures were under  0 . 1 % .  W i t h i n  24 hr  af ter  
dosing, 7 2 %  of the dose was excreted in  the u r ine  and 2 2 %  
in the feces, while the excretion in the bile was 4 .3% wi th in  
12 hr. Given  rad ioac t iv i ty  was ahnost rap id ly  d isappeared  
from whole body wi th in  24 hr. AOS and its metaboli te were 
analyzed hy several methods:  (a) Th in  layer  chromatography 
(TLC)  with several  solvent  systems was employed for the 
separa t ion  of metabolites. The resul ts  suggested tha t  the Rr  
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of the l~C-activity was lower than  t ha t  of s t andard  a~C-AOS. 
(b) Chromagenic  reagents  which are specific for func t iona l  
groups  were employed to qual i ta t ive ly  classify the metabolites.  
(c) Chemical reaction wi th  several  reagents  of the metaboli tes 
was carr ied out, (d) B i n d i n g  in v i t ro  of ~aC-AOS and its 
metabolites to bovine or r a t  serum prote in  was s'~udied us ing  
electrophoresis and equi l ib r ium dialysis  techniques.  The re- 
sults suggested that  ~dC-AOS was bound wi th  albumin,  while 
the nmtabolite was not. The data  obtained from several  ex- 
per iments  indica te  tha t  the metaboli te  of ~4C-AOS is more polar  
than  in tac t  AOS and may be hydroxyla ted or polyhydroxylated 
sulfonic acids wi th  shorter chain. 

L I P I D  B R O M I N E  C O N C E N T R A T I O N S  IN T I s s U E S  OF 
RATS F E D  B R O M I N A T E D  FATTY ACIDS.  BARBARA JONES, 
ROI~ERT R. LOWRY, and IAN ~. TINSLEY, Depar tmen t  of Agri-  
cu l tura l  Chemistry,  Oregon State Univers i ty ,  Corvallis,  OR 
97331. 

R, ats were fed brominated  corn oil ( 0 . 8 %  of d ie t ) ,  ethyldi- 
hromostearate  ( 0 . 5 % ) ,  and e thyl te t rabromostearate  ( 0 . 5 % )  for 
periods of 5 and 10 days;  and 1, 3, and 6 months. L ip id  
extracts of heart ,  l iver,  muscle, adipose, and kidney t issues 
were analyzed for bromine by neu t ron  ac t iva t ion  analysis.  
Maximum lipid bromine concentrat ions were found in the 
t issues of the 5-day animals  and in general  decreased with 
time. Lip id  bromine concentra t ions  were h ighes t  in  animals  
fed bromina ted  corn oil wi th  lower levels in those an imals  
inges t ing  e thyldibromostearate  and ethyl te trabromostearate ,  re- 
spectively. L i v e r  gave  the hichest  concentra t ions  of l ip id  
bromine with all diets. An in i t ia l  absorpt ion s tudy indicates  
differences in absorpt ion among the bromina ted  compounds.  
Rats  were dosed with ca. 50 nag of one of the bromina ted  
compounds, and feces and ur ine  were analyzed for bromine.  
E thyld ibronmsteara te  gave the highest  bromine concentrat ion in 
urine, while the highest  fecal bromine concentrat ion was ob- 
ta ined with the te t rabromostearate .  Brondna ted  corn oil gave 
in te rmedia te  values  in  both eases. 

31 
AN I N V E S T I G A T I O N  OF T H E  M E T A B O L I S M  OF POLY- 
ENO1C A C I D S  IN I S O L A T E D  RAT S E R T O L I  AND 
G E R M I N A L  C E L L S .  JEFFREY K. BECK.MAN and JOtIN G. 
CONIGLI0, Depar tmen t  of Biochemistry,  Vanderb i l t  Un ive r s i t y  
School of Medicine, Nashvil le,  TN 37232. 

I t  has become evident  in  recent years tha t  l ip ids  are of 
importance to the development and func t ion ing  of tes t icular  
tissue. Of pa r t i cu la r  in teres t  is the role of the 22-carbon 
polyenes (22 :5w6 in the rat, 22 :4w6 in the rooster,  and 22:6w3 
in the h u m a n )  since they accumulate  in testes d u r i n g  the 
time of sexual matura t ion .  Because the testis is an organ  
composed of many different  cell types, we were interested in 
inves t iga t ing  tes t icular  l ip id  metabolism at a cellular level. 
Studies  on the l ipid composit ion of spermatids,  spermatocytes,  
and Sertoli  cells isolated from ra t  testes showed that  spermat ids  
contained large quant i t ies  of 22:5r ( ~ 2 0 %  of the total  fa t ty  
acids) ,  while spermatocytes and Sertoli  ceils contained much 
smaller amounts  of this  polyene ( ~ 1 0 %  of the total fat ty acids) ,  
We are presently compar ing  tile capacity of different  ra t  
tes t icnlar  ceil types to synthesize 2 2 : 5 ~ 6 .  Enr iched  f ract ions  
of germina l  cells and of Sertoli  cells were isolated frmn ra t  
testes at  specific in te rva l s  fol lowing an in t ra t e s t i cu la r  in ject ion 
of ei ther 1-a~C-linoleate or 1-z~C-arachidonate. The l ipids  of 
these cell f rac t ions  were then extracted and the d i s t r ibu t ion  
of rad ioac t iv i ty  in i n d i v i d u a l  fat ty acids was determined fol- 
lowing p repara t ive  gas chromatography.  Sertoli  ceils contained 
in their  total  l ipids  a much higher  specific ac t iv i ty  of 22 :5w6 
at all t ime points than  did the germina l  cells. I t  is concluded 
tha t  a l t lmugh germina l  cells accumulate  most of the testicu}ar 
22:5w6, Sertoli  cells are l ikely the cell type most  responsible 
for i ts synthesis.  (Suppor ted  by U S P H S  G r a n t  no. H D  07694.)  

32 
ON T H E  O R I G I N  OF C A R O T E N E  IN B O V I N E  M I L K  FAT 
G L O B U L E S .  STUART PATTON, Depar tment  of Food Science, 111 
Bor land  Lab., The Penns y lvan i a  State Univers i ty ,  Un ive r s i ty  
Park,  P A  16802;  and JOH.'~ J.  KELLY, Swar thmore  College, 
PA. 

There is confusion r ega rd ing  the or ig in  and location of 
carotenoids in bovine milk fa t  globules. A preva len t  hypothesis  
holds tha t  this  carotene is contained in  the plasma membrane  
which envelops the milk fat  droplet at secretion. To inves t iga te  
this  quest ion we prepared  milk fa t  globule membrane  and 
in t race l lu la r  fat  droplets so tha t  their  carotene contents could 
be assayed. The milk fat  globule membrane  (4 p repara t ions )  
was isolated by separa t ing  fresh morn ing  milk, wash ing  the 
cream fract ion four  t imes wi th  0.25 M sucrose, chu rn ing  the 
cream, and sediment ing  the released membrane  from the butter-  
milk at 49,000 X ff for 2 hr.  The droplets were isolated as 
cream layers by homogenizing minced lac ta t ing  t issue in 0.25 M 
sucrose and cen t r i fug ing  tim homogenate at  1000 X g for 12 
min and 10,000 X g for 20 rain ( t issue from 3 an imals ) .  
L ip ids  were extracted from these membrane and droplet  prep- 
a ra t ions  and from their  corresponding milks by the Roese- 
Gottleib procedure. The presence and amounts  of carotene in 
tile extracts  were determined spectropbotonmtrically.  There was 
no carotene ( ~ 0 . 5  /~g/g of l ip id)  in any of the milk fat  globule 
nmntbrane prepara t ions ,  whereas the bu t te r  l ip ids  and milk l ipids  
were decidedly yellow colored. The la t ter  (7 samples)  ranged  
frmn 9.0 to 24.4 #g of carotene per g of l ipid.  The cell creams 
tended to have  the same or h igher  concentra t ions  than  their  
corresponding milk lipids.  These f indings make i t  unl ikely  
tha t  the plasma membrane  is a p r inc ipa l  source for the carotene 
of bovine milk fat  globules. A coincidental  observat ion of our 
s tudy is tha t  the crude mi tochondr ia l  f rac t ion  (10,000 X g 
pellet) f rom lac ta t ing  t issue has spectacular  levels of carotene 
in its l ipids  ( 2 7 0 - 1 8 7 0  g g / g ) .  

33 
FATTY ACID P A T T E R N S  IN S E R U M  T O T A L  L I P I D S  F R O M  
F E M A L E  S W I N E  D U l l I N G  E S T R U S  AND G E S T A T I O N .  
E,G. HILL, The Hormel  I n s t i t u t e ;  W.L.  STOCKLAND, In t l .  
Multifoods, Court land,  MN;  L.G. BLAYLOCK, Int l .  Multifoods,  
Minneapolis ,  3]IN ; and  R.T. HOL~'~IAN, The Hormel  Ins t i tu te ,  
U n i v e r s i t y  of Minnesota,  801 16th Ave. NE, Austin,  MN 55912. 

Serum fat ty  acid levels were observed from a herd of pure- 

bred Yorkshire  sows and gil ts  th rough  the complete gestat ion 
cycle and th rough  four  successive es t rus  cycles for nonbred 
sows. These studies were made to determine the norms for 
female pigs  under  these condit ions and to observe and document  
the ranges  of the serum fa t ty  acid levels t h roughou t  estrus  and 
gestat ion of the pig. Ten sows and seven gilts of the Inter-  
na t iona l  Mult i foods Supersweet  Research F a r m  were sampled 
weekly th roughou t  gestat ion over a 28 week period. Fou r  non- 
bred sows were sampled twice weekly th rough  several  es t rus  
cycles. The an imals  were ma in t a ined  on commercial rat ions.  
The serum l ipid was  analyzed for  22 fa t ty  acids ( 1 4 : 0  to 
22 :6w3) .  Major  f indings show tha t  the total  sa tura ted  fa t ty  
acids remained  remarkably  constant,  wi th  most  of the va r i a t ion  
in the po lyunsa tu ra ted  fa t ty  acids. The 18:2w6 and total  w6 
fa t ty  acids (p r imar i ly  the essential  fa t ty  ac ids)  tended t o  
decrease after fa r rowing .  Other parameters  will  be discussed 
in detail .  

34 
G I A N T - R I N G  L A C T O N E S  IN T H E  S K I N  SUI~FACE L I P I D S  
OF H O R S E S .  SABIN W. COLTON V I  and DOlffALD W. DOWNING, 
l )ermatology Depar tment ,  College of Medicine, U n i v e r s i t y  of 
Iowa, Iowa City, IA  52242. 

Mammal ian  surface l ipids  are produced pr inc ipa l ly  by the 
sebaceous glands  of the skin, which secrete l ip id  mix tures  
differ ing dramat ica l ly  in  composit ion between species. I n  this  
study, surface l ipids from the sides of male and female horses 
were collected in  acetone and analyzed by th in  layer chro- 
otatography (TLC)  and gas l iqu id  chromatography ( G L C ) .  
The pr inc ipa l  components were cholesterol ( 1 4 % ) ,  cholesterol 
esters ( 3 8 % ) ,  and a un ique  f rac t ion  ( 4 8 % )  m i g r a t i n g  on 
TLC in the region of diester waxes. This  was found to consist  
of the lactones of 32-, 34-, and 36-carbon r each 
hav ing  one ethylenic bond and one methyl  side chain. B ig- r ing  
eonlpounds (lnUScone and civetone) ba re  been found previous ly  
in specialized glands  of ma.e musk deer and civet cats, where 
they func t ion  as sex a t t rac tants .  The lactones from the horse 
identified in the present  s tudy are as large as muscone (C16) 
~tnd civetone (C17) molecules combined, and include both the 
methyl side chain  and  the double bond found, respectively, in 
ti~vse two compounds. The horse lactones might  also funct ion  
aS pheronmnes, but  since they are present  on the general  
body surface of both sexes, they possibly act as he rd ing  s ignals  
ra ther  than  in a sexual capacity. 

35 
i N F L U E N C E  OF a - T O C O P H E R O L  ON T U R N O V E R  OF 
F U N G A L  L I P 1 D S .  MICHELE ADLER and R. CECIL JACK, 
Depar tment  of Biological  Sciences, St. John ' s  Univers i ty ,  
Jamaica, NY 11439. 

We have found previously  tha t  the addi t ion  of a-tocopherol 
(aT) to g rowing  cul tures  of the f u n g u s  GlomereUc~ cingulata 
led to an increase in  the number  of double bonds per  mole 
of fat ty acid in the tr iacylglycerols but  led to a decrease in  
the number  of double bonds per mole in  the phospholipids.  I n  
both classes of glycerolipids, the rat ios  of unsa tu r a t ed  to 
~aturated fat ty acids increased in aT-treated cultures,  I n  this  
study, we report  on the labeling and tu rnove r  of G, cinguluta 
l ipids du r ing  t rea tment  with a-tocoptleroh Samples of mycel ium 
~ere  taken from treated and control cul tures  at  2, 2x/~, 3, 4, 
and 6 days of age. The specific rad ioae t iv i t ics  of t r iaeyigiyeerois  
(TAG) ,  total  phosphol ipids  ( P L ) ,  phosphat idyl  choline (PC) ,  
phasphat idyl  e thanolamme ( P E ) ,  and phosphat idyl  inosi tol  -~ 
phosphat idyl  serine ( P I  -}- P S ) ,  were obtained by s t anda rd  
procedures, fol lowing incubat ion  of the mycelial samples for 
5 min either with 2-siC-acetate or zH~O. Turnove r  was mea- 
sured in pulse-chase experiments  and was defined as the change 
in specific rad ioac t iv i ty  of the l ip ids  fol lowing t r ans fe r  of 
acetate-labeled mycelium from labeled to nonlabeled n u t r i e n t  
medium for 60 attn. S imi la r  pa t t e rns  of labeling were obtained 
witl~ l~C-acetate and ~H~O both for  aT-treated and control 
cul tures ;  but, the label ing pa t te rns  of the t reated cul tures  were 
different from those of control cul tures  in  two respects:  (a) 
maximum incorpora t ion  into the TAG of control cul tures  oc- 
cur'red before max imum incorpora t ion  into the TAG of t rea ted  
cultures,  (b) incorpora t ion  into the TAG of control  cul tures  
decreased between 2 and 2 '~  days but  remained cons tant  in  
the TAG of aT cul tures  before decreasing from 21~ to 6 days 
of age. We conclude from the s imi lar  labeling pa t te rns  from 
2-"C-acetate and zH~O tha t  in te rna l  pools of acetate did not  
contr ibute  s ignif icantly to the label ing pa t te rns  obtained with 
"C-acetate.  The experiments  on l ip id  tu rnove r  showed in  
general  that,  both in the TAG and the classes of PL,  there 
were sharp  declines in  rad ioac t iv i ty  from the beg inn ing  of 
the chase up to 45 rain af ter  the chase, both in aT and control  
cultures.  Between 45 and 60 rain, however, the rad ioac t iv i t ies  
of the aT samples increased (on average)  ca. 3 7 %  over 
control values.  We conclude from the la t ter  resul t  and prev ious  
data  that,  d u r i n g  the later  stages of the chase, the TAG of 
aT cul tures  were exchanging  rela t ively sa tura ted  fa t ty  acids 
for more unsa tu r a t ed  fat ty acids der ived  frmn the phospho- 
lipids.  

36 
M E T A B O L I S M  OF T R I A C Y L G L Y C E R O L  AND P H O S P H A -  
T I D Y L G L Y C E R O L  IN F U N G I .  GRE(~ORY E. ANEKWE, De- 
pa r tmen t  of Biochemistry,  College of Medicine of the Un ive r s i t y  
of Lagos, P.M.B. 12003, Lagos, Nigeria .  

The f u n g u s  Glymerella cingulata was used in  several  s tudies  
on the pa t te rns  of metabolism of t r iaeylglycerol  and phospha- 
tidylglycerol.  Among these was the de te rmina t ion  of the ap- 
pa ren t  t u rnove r  of the glycerides, du r ing  funga l  aging,  the i r  
modes of accumulat ion  the type of fat ty acids synthesized dur- 
ing aging,  and their  incorpora t ion  of 2-C~*-acetate, sH glucose, 
and 1-C~4-acetate, also d u r i n g  aging.  The data  from these studies 
suggested that  the pa t te rns  of incorpora t ion  of the labeled 
precursors,  and the pa t te rns  of t u rnove r  of the glycerides are 
similar ,  as well as the types of fa t ty  acids synthesized. How- 
ever, marked differences in  the pa t t e rns  of accumula t ion  of 
the var ious  f ract ions  of t r iacylglycerols  and phosphat idylglycerol  
were evident .  This  la t ter  observat ion was  in te rpre ted  to cor- 
respond wi th  the di f fer ing roles of these two classes of glye- 
erides in  the ag ing  cell. 

37 
S Y N T H E S I S  AND P R O P E R T I E S  Oti ~ N-ALKYL MONOAZA 
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C R O W N  E T H E R S .  M I ~ s u o  OKAHAR~-, PIrr(~-LIN KvO,  MASAKI 
MIKI, and  ISAO IKEDA, D e p a r t m e n t  of Appl ied Chemis t ry ,  
F acu l t y  of E n g i n e e r i n g ,  Osaka  Unive r s i ty ,  Y a m a d a - k a m i ,  Sui ta ,  
Osaka ,  565, J a p a n .  

N-Alkyl  monoaza  c rown e thers  w e r e  synthes ized  in good yield 
by the  reac t ion  of e thoxyla ted  a lky lamines  h a v i n g  sui table  
e thylenoxy un i t s  w i th  equimolar  quan t i t i e s  of sulfochlorides 
such  as p- toluenesulfonyl  or  benzenesul fonyl  chloride in  the  
p resence  of excess sod ium or po t a s s ium hydrox ide  in  an  apro t ic  
solvent.  They  were  also p r e p a r e d  f r o m  the more  accessible r a w  
mater ia l s ,  N-a lky ld ie thano lamine  and  tri-  0r  t e t rae thy lene  glycol, 
by t r e a t m e n t  wi th  sulfochlor ide and  alkal i  meta l  hydrox ide  in 
s o m e w h a t  lower yield t h a n  the  above method.  P u r e l y  isolated 
N-alkyl  monoaza  15-crown-5 ahd  18-crown-6 wi th  C1 to C1~ 
alkyl g roup  were  a lmost  colorless l iquids,  and  the i r  phys ica l  and  
spect ra l  p roper t i es  were  inves t iga ted .  N-Alkyl  monoaza  c rown 
e thers  wi th  long cha in  alkyl g roup  a re  soluble or  d ispers ib le  
in wa te r ,  and  the su r face -ac t ive  p roper t i es  of the  solut ions w e r e  
m e a s u r e d  and  compared  w i t h  those of the  co r r e spond ing  open 
cha in  e thoxylated amines .  

$8  
S T U D I E S  O F  A L K Y L I M I D A Z O L I N E  D E R I V A T I V E S .  MOTO0 
KOYAMA, NOBORU KASATANI, TSUYOSHI 0GIN0,  and  KESAIClgI 
IDE, Nippon  Oil and  F a t s  Co., Ltd. ,  A m a g a s a k i  Fac to r y  Re- 
sea rch  Labora to ry ,  56, Ohamacho ,  1-Chome A m a g a s a k i ,  Hyogo,  
663, J a p a n .  

The  s t r u c t u r e  a n d  the  chemical  p roper t i es  of 1-hydroxyethyl-  
1-carboxymethyl -2- imidazol in ium be ta ine  ( I )  were  inves t iga ted .  
~fethods for  synthes i s  of compound  ( I )  a re  repor ted  in the  
l i t e ra tu re  and  in pa tents .  Most  of them are  concerned witl~ 
the  reac t ions  of a lkyl imidazol ine  de r iva t ives  ( I I )  wi th  sod ium 
monochloroaceta te  u s i n g  w a t e r  as solvent.  As ( I I )  is easi ly 
hydrolyzed to N-alkanoyl  N ' -hydroxyethyl  ethylene d i amine  
( I I I ) ,  the  reac t ion  m i x t u r e  has  a cmnposi t ion invo lv ing  the  
ca rboxymethy la ted  de r iva t i ve s  of (%II ) .  I n  ear l ie r  works ,  the  
complete isolat ion of ( I )  w a s  not reported,  so tha t  i ts  correct  
s t r u c t u r e  and  chemical  p roper t i es  could not  he clearly established.  
W e  isolated the  purif ied crys ta ls  wi th  h igh  mel t ing  po in t  ( 1 8 9 -  
192 C) f r o m  the reac t ion  m i x t u r e  of 1-hydroxyethyl-3-unde- 
cyl imidazol ine  and  sod ium monuchloroaceta te  in nonaqueous  
solvent.  Tile s t ruc tu re  of the crys ta l l ine  compound w a s  estab- 
l ished as 1-hydroxyethyl -3-carboxymethyl -2-undecyl imidazol in ium 
beta ine  ( I V )  by m e a n s  of i n s t r u m e n t a l  ana lyses  and  chemical  
de te rmina t ions .  I n  the  above react ion,  ( I V )  w a s  obta ined 
dominant ly .  The chemical  s tabi l i t ies  of the imidazo l in ium 
be ta ines  are  discussed.  
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S T U D I E S  ON T H E  S U L F A T I O N  O F  F A T T Y  A C I D  A L K A -  
N O L A M I D E  W I T H  C H L O R O S U L F O N J C  A C I D  A N D  I T S  BY- 
P R O D U C T S .  u  MAKINO, YASUSHI HAYASA]'~ I, ETSU0 
SUGI, and  KESAICHI IDE, Nippon Oil and  F a t s  Co. Ltd..  
A m a g a s a k i  F ac to ry  Resea rch  Labora to ry ,  56, 0 h a m a c h o ,  1- 
Cbome A m a g a s a k i ,  Hyogo,  663, J a p a n .  

By-produc t s  of sul fa t ion of v a r i o u s  f a t ty  acid  a lkano lamides  
( I )  wi th  chlorosulfonic  acid  were  examined  wi th  r e g a r d  to the 
inf luence of a lkano lamide  s t r u c t u r e  upon  side-react ion.  I t  was  
found  tha t  the reac t ion  p roduc t s  conta ined  severa l  k inds  of 
by-products  such as aminoes t e r  ( I I ) ,  amidoes te r  ( ] [ I f ) ,  and  
other  unident i f ied subs tances ,  and  the i r  a m o u n t  w a s  read)ark- 
ably dependen t  upon  the s t ruc tu re  of ( I ) .  For  example,  in  
the case of d ig lycol laury lamide  fa i r ly  p u r e  su l fa ted  p roduc t  w a s  
obta ined even under  s t rong  react ion  condit ions,  w i th  only a 
small  a n m u n t  of 2-1aurylamidoethyl laura te .  On the o ther  hand ,  
the su l fa t ion  of monoe thy l l au ry lamide  was  a more  complicated 
reac t ion  yie lding a large  a m o u n t  of 2 -aminoe thy l laura te  and  
some other  products .  I t  was  also establ ished tha t  the  p u r e  
sul fa ted a lkano lamide  ( I V )  was  t r a n s f o r m e d  into ( i I )  and  
( i I 1 )  when  i t  was  allowed to s t and  at 6 0 - 8 0  C. These  resu l t s  
sugges t  t ha t  ( I I )  w a s  fo rmed  in the  su l fa t ion  process  con- 
cur ren t ly  f rom both a lkano lamide  and  i ts  su l fa ted  product ,  by 
r e a r r a n g e m e n t  v ia  orys ta l iza t ion  of these compounds .  

4O 
S Y N T H E S I S  OF H I G H E R  A L C O H O L S  B Y  GAS P H A S E  
C A T A L Y T I C  I I Y D R O G E N A T I O N  OF  F A T T Y  A C I D  M E T H Y L  
E S T E R S  U N D E R  A T M O S P H E R I C  P R E S S U R E .  KAzuo 
IKEDA and  ATOH MUGISHIMA, K o g a k u i n  Un ive r s i ty ,  Facu l t y  of 
E n g i n e e r i n g ,  D e p a r t m e n t  of I n d u s t r i a l  Chemis t ry ,  1-24-2, 
N i s h i s h i n j u k u ,  S b in juku -ku ,  Tokyo, 160, J a p a n .  

The synthes i s  of h i g h e r  f a t ty  alcohol by g a s  phase  catalyt ic  
hyd rogena t ion  of f a t ty  ac id  methyl  es ters  (Cs, C9, C10, C~, C14, 
C1,, Cls f a t ty  acid methyl  es ters )  unde r  a tmospher ic  p r e s s u r e  
was  s tudied.  I n  these studies,  three  met lmds  (A, B, & C) for  
supp ly ing  esters  to the h y d r o g e n a t o r  unde r  a tmospher ic  p r e s s u r e  
were  examined .  I n  method (C) ,  c i r cu la t ing  hyd rogen  gas  is 
in t roduced  to the fa t ty  acid  methyl  es ters  a t  1 5 0 - 3 0 0  C and  
the es te r -con ta in ing  hyd rogen  gas  is passed  t h rough  hydrogena-  
t ion ca ta lys t  layer  ( C a 0  �9 CreO~) at  2 5 0 - 3 0 0  C to g ive  h ighe r  
fa t ty  alcohols ( J ap .  P a t e n t  Appl . :  J a p a n  K o k a i :  7608 ,203 ) .  
Method (A)  is effective on a l abora to ry  scale, b a t  g ives  a 
small  yield. Method ( B )  g ives  an imper fec t  gaseous  reac t ion  
and  low convers ion  ra te  due to incor rec t  reac t ion  condit ions.  
][n method  (C) ,  which has  p rac t i ca l  value,  the  ac t iva t ion  tem- 
p e r a t u r e  is not  cri t ical ,  bu t  at a reac t ion  t e m p e r a t u r e  of 
2 8 0 - 3 0 0  C, the inf luence  of combina t ions  of hyd rogen  flow 
rate,  p r e h e a t i n g  of hydrogen ,  and  evapora t ion  t e m p e r a t u r e  of 
estm's is d is t inc t ly  re la ted to the type of es ters  and  charac te r i s t i c s  
of the  a p p a r a t u s .  A m o n g  the p roduc t s  f rom the p r e sen t  g a s  
phase  reduct ion,  f a t ty  a ldehydes  a re  detected by  m e a n s  of g a s  
c h r o m a t o g r a p h y - m a s s  spec t romet ry ,  in con t ras t  to the  absence 
of i t  in the  h ighe r  p r e s s u r e  hyd rogena t ed  p roduc t s  at l iquid 
phase.  By-produc t s  such as f a t ty  acids, f a t ty  aldehydes,  and  
wax  esters  were  also ident i f ied quan t i t a t i ve ly  in  the  p roduc t s  
by m e a n s  of th in  layer  ch roma tog raphy- f l ame  ionizat ion detector  
and  p r o g r a m m e d  gas  l iquid ch roma tog raphy ,  etc. General ly ,  gas  
phase  reduc t ion  causes  an undes i rab le  side react ion.  Be c a use  
the above by-products  a re  i n t e rmed ia t e s  of h ighe r  f a t ty  
alcohols, they cause  no problems.  H o w e v e r ,  m o n o m e r s  or 
d i m e r s  of hyd roca rbons  co r r e spond ing  to the r a w  mate r i a l  es te rs  
are  fo rmed  as  by-products  in t im p re sen t  s tudies,  and  the 
a p p r o p r i a t e  condi t ions  for  s u p p r e s s i n g  fo rma t ion  of these by- 
p roduc t s  a re  sugges ted  to inc rease  yields of the  m a i n  products .  
The p re sen t  method could be applied to p roduce  f a t t y  amines  
such as l au ry lamine ,  f rom the co r r e spond ing  ni t r i le .  
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F U R A N O I D  F A T T Y  A C I D S :  S Y N T H E S I S  A N D  C H A R -  
A C T E R I Z A T I O N .  MARCEL S.F. LIE KEN JIE, D e p a r t m e n t  of 
Chemis t ry ,  U n ive r s i t y  of H u n g  Kong,  P o k f u l a m  Road,  H o n k  
K o n g ;  and  F.D.  GUNSTONE, U n i v e r s i t y  of St. Andrews ,  St, 
Andrews ,  Scotland.  

The occur rence  of f u r a n o i d  fa t ty  acids  and  the chemico- 
physical  charac te r i s t i c s  of this  novel class of fa t ty  acids  will be 
briefly reviewed.  Tile v a r i o u s  methods  of p r e p a r a t i o n  of Cls 
f a r a n o i d  fa t ty  ac ids  f rmn  na tu r a l  f a t t y  ac ids  or  by total syn- 
thesis  will be outfined. A p rev iew of the  con t inu ing  w o r k  
on the synthesis ,  chemico-physical  and  biological p roper t i es  of 
these compounds  will also be included.  

S E S S I O N  I :  A N T I O X I D A N T S  A N D  F L A V O R  S T A B I L I T Y  
OF  O I L S - - I I  
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1 M P R O V E Y I E N T  OF  O X I D A T I V E  S T A B I L I T Y  OF  F A T S  
AND O I L S .  HARUO ~VATANABE, TOI~RU KITAGAWA, MUTSUHITO 
~,*A't~ANAI~tg, and HIROKO TAt~ARA, Centra l  Research  Labora to ry ,  
Shows  Sangyo  Co., Ltd. ,  2-20-2, H i n o d e  F u n a b a s h i ,  Chiba,  273, 
J a p a n .  

F a t s  and  oils were  stabilized by h e a t i n g  them wi th  cereals 
at t e m p e r a t u r e s  above 150 C. Fo r  example,  soybean oil mixed  
with 2 0 %  whea t  flour by we igh t  w a s  heated  for  30 rain at 
250 C u n d e r  a tmospher ic  p r e s s u r e  and  filtered. AOYI s tabi l i ty  
of this  t rea ted  oil was  over  80 h r  compared  to 16 h r  for  the 
f resh  oil. Fo r  reference ,  when  the cereals were  heated alone 
~lnd added to un t r ea t ed  f resh  fa t s  and  oils, the i r  oxidat ive  
stabi l i ty was  not  improved .  The cereals  used included wheat .  
sovhe~m, rice, and corn,  g ra in .  ~,'rits. and flour. S imi l a r  anti-  
ox idant  effects were  shown wi th  defat ted  cereals.  Degree  of 
improvemen t  of oxida t ive  stabi l i ty by this  t r e a t m e n t  grea t ly  
depended on the a moun t s  of cereals  and  hea t i ng  t empera tu re .  
I n c r e a s i n g  the a moun t s  of cereals and  e levat ing  t e m p e r a t u r e  
g a v e  h ighe r  oxida t ive  stabil i ty.  S imi l a r  effects were  shown 
under  a tmospher ic  or reduced  p r e s s u r e  and  u n d e r  iner t  gas.  
When  the volatile ma t t e r s  p roduced  by th is  t r e a t m e n t  were  
added to un t r ea t ed  f resh  fa t s  and  oils, they showed h igh  
stabil i ty a g a i n s t  ox ida t ive  r anc id i ty .  Al though the  wel l -known 
an t iox idan t s  such as B H A ,  B H T ,  PC,  and  IG,  lost much  of 
the i r  effect a f t e r  he a t i ng  at deep- f ry ing  t empera tu re ,  these 
t rea ted  fa t s  and  oils had  high s tabi l i ty  t oward  hea t ing .  For  
example,  potato chips  f r ied  wi th  th is  t rea ted  oil had  r e mark -  
ably long shelf life. 
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S T A B I L I T Y  OF  AN I N T E R E S T E R I F I E D  B L E N D  OF SOY- 
B E A N  0 I L  A N D  E D I B L E  T A L L O W .  A. P H I L I P  HANDEL, 
I~OY G. ARNOLD, and  YUN CHA.W L0. D e p a r t m e n t  of Food 
Science and  Technology.  U n i v e r s i t y  of Nebraska ,  Lincoln,  NE  
68583.  

In te res te r i f i ed  blends of soybean oil and  edible tal low were  
produced  h a v i n g  physical  p roper t ies  s imi la r  to those of tub- type 
m a r g a r i n e s .  These  blends m a y  he useful  as an a l t e rna t ive  to 
hyd rogena t ion  for  ob t a in ing  desirable  physica l  p roper t ies .  In-  
terester if ied blends re ta in  more  of the essent ia l  f a t t y  acids  of 
the  soybean oil and  avoid  the fo rma t ion  of trans-isomers. 
Perox ide  va lues  were  de te rmined  per iodical ly  for oil samples  
held at  60 C. In te res te r i f i ed  blends,  nonin te res te r i f i ed  blends, 
and  the  oil f rom commerc ia l  m a r g a r i n e s  were  evalua ted .  Al- 
though in teres ter i f ied  blends are  not as stable as nonin te r -  
esterif ied blends, the in teres ter i f ied  p roduc t s  have  a s tabi l i ty 
which is cmnparahle  to commerc ia l  m a r g a r i n e  oils. 
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S T A N D A R D I Z A T I O N  O F  T E S T S  F O R  F A T  A U T O X I D A T I O N  
S T A B I L I T Y .  GURU KAJI.MOTO, KAZU0 HORIKAWA, SAnURO 
AKASHI, TSUt~UO IZUMI, HIROSItI  1V[ORISHIMA, TAKAO NAKA- 
YA/~fA. ETSUJI  YUKL and  SATOSHI YONEYAMA, J O C S  F a t  
Stabi l i ty  Commit tee .  Yush i  Kogyo K a i k a u ,  3-13-11, Nibonbasbi ,  
Chuo-ku,  Tokyo, J a p a n .  

To s t anda rd ize  methods  for  oxida t ive  stabi l i ty of edible f a t s  
and oils, col laborat ive expe r imen t s  were  implemented  to eva lua te  
the AOM test  ( A O C S  Ten ta t ive  Method) ,  oven test,  o rganolept ic  
evaluat ion,  and  Olcott 's  weighing" method.  The col laborat ive 
tests  were  ca r r i ed  out by 9 to 20 di f ferent  opera tors  wi th  re- 
fined soybean,  palm.  rapeseed  oils, and  lard.  The va lues  of 
s t a n d a r d  devia t ion  (s)  and  coefficient of v a r i a t i o n  (co) de r ived  
f rom the AOM tes t  were  as  fol lows:  s 0.74, cv 5 . 0 %  for  
soybean oil; s 1.55. ev 6 . 4 %  for  palm oil. The  resu l t s  of the  
w e i g h i n g  method  were  as fol lows:  s 31.9, and  cv 1 1 . 5 % .  
The re la t ion  be tween  the  ox ida t ive  s tabi l i ty  and  the f lavor  
score will be d iscussed.  
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M E A S U R E M E N T S  O F  O X Y G E N  U P T A K E  A N D  F L A V O R  
C O M P O U N D S  AS  I N D I C A T O R S  O F  O I L  F L A V O R  Q U A L I T Y .  
DAVID B, MIN, B e s t  Foods  Resea rch  & E n g i n e e r i n g  Center ,  
1120 Commerce  Ave. .  Union ,  N J  07083.  

The  f lavor  s tabi l i ty of oil w a s  m e a s u r e d  by  the  combina t ions  
of oxygen  uptake ,  the  quan t i t a t i ve  and  qua l i ta t ive  m e a s u r e m e n t  
of volati le f lavor  compounds ,  and  peroxide  values.  The  a m o u n t s  
of oxygen  up take  and  volati le compounds  in  oil ind ica te  tha t  
there  were  posi t ive  corre la t ionships .  T h a t  is, the  h ighe r  the  
oxygen up take  in oil, the  h i g h e r  the a m o u n t  of f lavor  com- 
pounds  fo rmed  in  oil. The a moun t s  of e i ther  oxygen  u p t a k e  
or  f lavor compounds  fo rmed  inc reased  as the  s torage  per iods  
inc reased  unde r  the  no rma l  s to rage  condit ions.  The  combined 
resu l t s  of oxygen  u p t a k e  and  f lavor  compounds  fo rmed  can 
be used  as  good ind ica to r s  of f lavor  qual i ty  and  s tabi l i ty  of 
oil. The detai led chemical  m e c h a n i s m s  involved in oxygen and  
oil reac t ions  will be r epor t ed  to expla in  the  re la t ionsh ips  a m o n g  
the oxygen  uptake ,  peroxide  value,  and  f lavor  compounds  fo rma-  
tion. Also d iscussed  is the  f lavor  isolat ion technique  which  can 
selectively e l iminate  the  acidic  compounds  and  w a t e r  f r o m  the  
isolated f lavor  compounds  by u s i n g  a p reco lumn con t a in ing  
po ta s s ium carbona te  and  a n h y d r o u s  sod ium sulfate .  
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S U N F L O W E R S E E D  S A L A D  O I L :  C O R R E L A T I O N  OF  GAS 
L I Q U I D  C H R O M A T O G R A P H Y  V O L A T I L E S  W I T H  F L A V O R  
I N T E N S I T Y  S C O R E S .  W . H .  MORRISON, I I I ,  B.G.  LYON, and  
J .A.  ROBERTSOlq, R ,B .  Russe l l  A gr i cu l t u r a l  Resea rch  Center ,  
U S D A ,  P O  Box  5677, Athens,  GA 30604.  

J .  A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L .  5 6 )  181A 



Samples  of sunf lowerseed  sa lad  oil f r o m  seed p r o d u c e d  in  
the n o r t h e r n  Un i t ed  Sta tes  con t a in ing  B H A ,  B H T ,  T B H Q ,  a n d  
propyl  gal la te  w e r e  s tored  in f l int  g lass  a n d  a m b e r  bottles a n d  
exposed to l ight  for  16 weeks.  U s i n g  D u p u y ' s  me thod  fo r  
d i rec t  g a s  l iquid c h r o m a t o g r a p h y  ( G L C )  m e a s u r e m e n t  of 
volatiles,  cor re la t ions  were  m a d e  be tween  volat i les  and  f lavor  
in t ens i ty  scores.  The  effects of an t iox idan t ,  s to rage  condit ions,  
a n d  con ta ine r s  on in t ens i ty  scores  a n d  volat i le  profiles will  be 
d iscussed.  
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B I T T E R  T A S T E  I N  O X I D I Z E D  F A T T Y  A C I D S .  RIICHIRO 
USUKI a n d  TAKASHI KANEDA, Facu l ty  of Agr i cu l tu re ,  Tohoku  
Unive r s i ty ,  1-1 A m a m i y a m a c h i - T s u t s u m i d o r i ,  Sendal ,  980, J a p a n .  

I n  the  p reced ing  jo in t  mee t ing  be tween  A O C S  a n d  J O C S  
in 1972, we  repor ted  tha t  a b i t te r  t as te  w a s  detected in h igh ly  
autoxid ized  soybean  oil, especial ly in the f ree  f a t t y  ac id  f rac-  
t ion. To elucidate  the n a t u r e  of the  b i t t e r  subs tance ,  au toxid ized  
linoleic acids  were  s epa ra t ed  by  sil icic ac id  ch roma tog r a phy ,  
and  the  f rac t ion  wi th  n l a x i m u m  P V  (1849)  w a s  submi t ted  to 
t r e a t m e n t  wi th  cys te ine- fe r rous  chloride, r educ t ion  wi th  sod ium 
borohydr ide ,  oxida t ion  wi th  chromic  acid, a n d  methyl  esterif ica-  
t ion. The  resu l t s  ind ica ted  t h a t  a p a r t i c u l a r  s t r u c t u r e  be tween  
the  carboxyl  g r o u p  and  other  func t iona l  g r o u p s  w a s  n e c e s s a r y  
for b i t t e r  taste .  To v e r i f y  th is  a s sumpt ion ,  f o u r  oxygena ted  
fa t ty  acids  (r icinoleic,  12-oxooctadecenoic,  dioxooctadecenoic,  and  
d ihydroxyoc tadecenoic  ac id)  w e r e  synthes ized  f r o m  cas tor  oil, 
and  inves t iga t ed  for  cor re la t ion  wi th  b i t t e r  tas te .  The resu l t s  
showed tha t  r ic inoleic  acid  had  a s t r o n g  b i t te r  t a s t e  a long 
wi th  a s t r o n g  r e i n f o r c i n g  taste ,  a n d  th i s  b i t t e r  t as te  w a s  
g rea t ly  reduced  by methyl  es ter i f icat ion.  H o w e v e r ,  12-hydroxy-  
and  9 ,10-d ihydroxys tea r ic  ac ids  w e r e  tasteless .  F r o m  these  re- 
sults  we conclude tha t  i t  would  be essent ia l  to h a v e  a carboxyl  
group ,  hydroxyl  g roup ,  and  u n s a t u r a t e d  bond  for  the  ap- 
p e a r a n c e  of b i t t e r  t as te  in  r ic inoleie  acid. 
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F R Y I N G  Q U A L I T Y  O F  P A L M  0 I L S  U N D E R  S I M U L A T E D  
D E E P - F A T  F R Y I N G  C O N D I T I O N S .  E.  Y u K I  and  K.  MORI- 
MOTO, H i r o s h i m a  Food Resea rch  Ins t i tu t e ,  12-ban, 70-go, 
H i j i y a m a - h o n m a c h i ,  H i rosh ima-sh i ,  J a p a n .  

F r y i n g  qua l i ty  of pa lm oils w a s  s tud ied  u n d e r  s imula ted  
deep-fat  f r y i n g  condi t ions  by m e a n s  of the  con t inuous  wa te r -  
s p r a y i n g  and  h e a t i n g  sys tem.  Three  samples  (pa lm  oil, pa lm 
olein A a n d  B )  were  p r e p a r e d  f r o m  the same  lot of o r ig ina l  
oil (Totox  va lue  35 .7 ) .  P a l m  olein A w a s  a common product 
(me l t ing  po in t  20.3 C) and  pahn  olein B w a s  a low me l t i ng  
poin t  one (below 10 C) which  w a s  p r e p a r e d  by  solvent  f rac-  
t ionat ion.  These  oils were  ful ly  ref ined in the  labora tory ,  a n d  
20 p p m  of c i t r ic  ac id  w a s  added  a f t e r  re f in ing .  F r y i n g  qua l i ty  
was  e s t ima ted  by the  changes  of ac id  value,  peroxide  value ,  
carbonyl  value,  v i scos i ty  increase ,  and  A 0 M  stabil i ty,  etc. 
The  qual i ty  of pa lm olein w a s  supe r io r  to tha t  of pa lm oil, 
and  tha t  of pa lm olein A w a s  h ighes t .  The  effect of me thy l  
si l icone for  the i m p r o v e m e n t  of f r y i n g  qua l i ty  w a s  r e m a r k a b l e  
in all pa lm oils, a n d  the  addi t ion  of ~/- a n d  &tocopherol  w a s  
also effect ive for  the  inc rease  of f a t  s tabi l i ty .  
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C H A N G E S  I N  D I E L E C T R I C  C O N S T A N T  AS  A M E A S U R E  
O F  F R Y I N G  O I L  D E T E R I O R A T I O N .  C.W. FRITSCH, D.C.  
EGBBRG, a n d  J .S .  MAGNUSO~, J a m e s  F o r d  Bell  Technica l  Cen- 
ter, Genera l  Mills, Inc . ,  9000  P l y m o u t h  Ave.  N., Minneapol i s ,  
MN 55427.  

Po ta toes  w e r e  f r i ed  in  soybean  oil, hydrogenated vegetable 
shor ten ing ,  and  an  an imal -vege tab le  s h o r t e n i n g  at  375 F for 
8 h r  each day  fo r  4 days .  The  same  s h o r t e n i n g s  were also 
heated  for  32 h r  w i t h  no f r y i n g  at  375 F.  Samples  w e r e  taken 
periodical ly,  ana lyzed  for  v a r i o u s  changes  normal ly  used  to 
m e a s u r e  f r y i n g  oil de te r iora t ion ,  a n d  changes  in  the dielectric 
cons tan t  de t e rmined  w i t h  a pa ten ted  i n s t r u m e n t  called a Food 
0 i l  Sensor .  The dielectr ic  cons tan t  of all th ree  s h o r t e n i n g s  
i nc reased  l inear ly  d u r i n g  the  f r y i n g  of potatoes.  The  greatest 
change  occur red  in  the  soybean  oil a n d  the  smal les t  change 
in  the  h y d r o g e n a t e d  vegetable  shor ten ing .  S ta t i s t ica l ly  s ign i f ican t  
cor re la t ions  were  ob ta ined  be tween  i n s t r u m e n t  r e a d i n g  a n d  
total polar  mater ia l s ,  decrease  in  iodine  value,  color, peroxide 
value,  d iene  content,  a n d  f ree  f a t t y  acids.  
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H I G H  P E R F O R M A N C E  L I Q U I D  C H R O M A T O G R A P H Y  O F  
T R I G L Y C E R I D E S :  C O N T R O L L I N G  S E L E C T I V I T Y  W I T H  
S I L I C A  A N D  R E V E R S E  P H A S E  C O L U M N S .  R .D.  PLATTN~R 
and  G.F.  SPm~CER, N o r t h e r n  Reg iona l  R e s e a r c h  Center ,  U S D A ,  
1815 N. Un ive r s i ty ,  Peor ia ,  I L  61604.  

R a p i d  sepa ra t ions  of t r ig lycer ides  by cha in  length  and degree 
of u n s a t u r a t i o n  h a v e  been m a d e  by h i g h  p e r f o r m a n c e  l iquid 
c h r o n m t o g r a p h y  ( H P L C ) ,  u s i n g  both sil ica columns a n d  re- 
verse  phase  colunlns. Su rp r i s ing ly ,  on mic ropa r t i cu l a t e  s i l ica  
colunlns, s epa ra t ions  based  on cha in  length  were  observed.  
Basel ine  resolut ion w a s  observed  be tween  t r i a r ach id in ,  t r i s t ea r in ,  
t r ipa lmi t in ,  t r imyr i s t i n ,  a n d  t r i l au r in ,  w i t h  the  longer  cha in  
t r ig lyeer ides  e lu t ing  before  the shor te r  cha in  homologs.  A 
m i x t u r e  of C54 t r ig lycer ides  ( t r i s t ea r in ,  tr iolein,  t r i l inolein,  and  
t r i l inolenin)  w a s  s e p a r a t e d  u n d e r  the  same  condit ions,  w i t h  the  
more  s a t u r a t e d  components  e lu t ing  before  the  more  u n s a t u r a t e d  
analogs .  The re ten t ions  of t r io le in  and  t r i p a l m i t i n  on the  si l ica 
columns were  nea r ly  equal.  Be t t e r  s epa ra t i ons  were  ob ta ined  
wi th  reverse  phase  columns.  The  shor te r  cha in  a n d  more  
s a t u r a t e d  t r ig lycer ides  eluted first  on the  r eve r se  phase  columns.  
A g a i n  the re ten t ions  of t r io le in  a n d  t r i p a l m i t i n  w e r e  s imi la r .  
Seven d i f ferent  bonded  co lumns  w e r e  eva lua ted  for  r e v e r s e  
phase  H P L C  of t r ig lycer ides .  They  w e r e  ~-Bondapak-Cm,  /z- 
Bondapak-pheny l ,  and  t r ig lyce r ide  ana lys i s  ( W a t e r s  Assoc ia tes )  ; 
Zorbax  0 D S  and  Zorbax  Cs ( D u P o n t )  ; and  Po r t a s i l  0 D S  a n d  
Por t a s i l  0 D S - 2  ( W h a t m a n ) .  All had  s o m e w h a t  d i f fe ren t  selec- 
t ivi ty,  and  the o rde r  of elut ion of component  t r ig lyce r ides  w a s  
s l ight ly different .  These  dif ferences  will be d iscussed.  A d d i n g  
s i lver  ions  to the solvent  in  H P L C  ana lys i s  m a r k e d l y  c ha nge s  
the select ivi ty  of the  solute t r ig lycer ides  based  on the  n u m b e r  
of double bonds  p r e sen t  in  the  molecule. The  re ten t ion  of the  
u n s a t u r a t e d  t r ig lycer ides  is s igni f icant ly  decreased  w i t h  in- 
c r ea s ing  concen t ra t ions  of s i lver  ion in  the  solvent  sys tem,  
whereas  elut ion of the  fully s a t u r a t e d  compounds  is  no t  
s igni f icant ly  al tered.  
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H I G H  P E R F O R M A N C E  L I Q U I D  C H R O M A T O G R A P H I C  
A N A L Y S I S  OF  V E G E T A B L E  O I L S .  A n I  EL-HAMDY, M.M. 
CHAUDRY, and  EDWARD G. PV.~,KINS, 104 B u r n s i d e s  R e s e a r c h  
Lab. ,  U n i v e r s i t y  of Il l inois,  U r b a n a ,  I L  61801.  

The  ana lys i s  of vegetable  oils by h i g h  p e r f o r m a n c e  l iquid  
c h r o m a t o g r a p h y  ( H P L C )  has  not been extens ively  inves t iga t ed  
due to problems in  sample  hand l ing ,  separa t ion ,  a n d  p e a k  detec- 
t ion. i n  the  p r e se n t  i nves t iga t ion  both r e f r a c t o m e t r i e  a n d  
ul t raviole t  detect ion were  used  to detect e lu t ing  components .  
Supe r io r  s epa ra t ions  were  ach ieved  wi th  solvents sys tems  com- 
posed of m i x t u r e s  of t e t r a h y d r o f u r a n ,  acetone,  and  aeetonitr i le ,  
w i th  r eve r sed  phase  columns.  The  effects of co lumn carbon  
content  and  length  of the  hydrophobic  cha in  on the  sepa ra t ions  
were  inves t iga t ed  w i t h  commerc ia l ly  avai lable  mic ropa r t i cu l a t e  
columns.  At  present ,  the  ident i f ica t ion of e lu t ing  components  
is somewha t  tenuous ,  therefore ,  i nd iv idua l  peaks  w e r e  collected 
and  the  f a t ty  acid  composi t ion a n d  g lycer ide  s t r u c t u r e  deter- 
mined,  whe re  feasible,  in order  to p rov ide  detai led i n f o r m a t i o n  
conce rn ing  the elution of i nd iv idua l  t r ig lycer ides  w h e r e  s t a n d a r d s  
were  not avai lable.  
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A P P L I C A T I O N  O F  H I G H  P E R F O R M A N C E  L I Q U I D  C H R O -  
M A T O G R A P H Y  TO A N A L Y S I S  O F  T R I G L Y C E R I D E  COM- 
P O S I T I O N S  O F  F A T S  A N D  O I L S .  SHUN WADA, CHIAKX 
KOIZUMI, AKIHIDE TAKIGUCHI, a n d  JUNSAKU NONAKA, De- 
p a r t m e n t  of Food Science a n d  Technology,  Tokyo U n i v e r s i t y  of 
F isher ies ,  Konan ,  Minato-ku,  Tokyo,  108, J a p a n .  

I n  h igh  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  ( H P L C ) ,  i t  w a s  
found  tha t  t r ig lycer ides  w e r e  eluted t h r ough  a r eve r s e  phase 
column in the  o rde r  of the i r  p a r t i t i o n  n u m b e r s  ( P N ) ,  which  
were  defined by the  fol lowing e q u a t i o n :  P N  = T C  (total  acyl 
carbon  n u m b e r  in a t r ig lyce r ide )  - -  2 X D B  ( n u m b e r  of double 
bonds  in a t r ig lyee r ide ) .  Moreover ,  the  l oga r i t hms  of re ten t ion  
t imes  of t r ig lycer ide  p e a k s  in H P L C  inc reased  l inear ly  w i t h  
the i r  pa r t i t i on  number s .  On the  bas i s  of the  above-ment ioned 
facts ,  soybean oil t r ig lycer ides  were  s e p a r a t e d  into s ix  f r ac t i ons  
by H P L C .  E a c h  t r ig lyce r ide  f r ac t i on  w a s  collected separate ly ,  
a f t e r  which  the total  ca rbon  n u m b e r s  of t r ig lyce r ldes  i n  the  
f r ac t ions  and  the i r  f a t ty  ac id  composi t ions  w e r e  de t e rmined  by  
g a s  l iquid c h r o m a t o g r a p h y .  F r o m  the  d a t a  of DB,  TC, a n d  
f a t t y  acid  composit ion,  the  f a t t y  ac id  combina t ions  of t r iglye-  
er ides  a n d  the i r  contents  were  es t imated .  S imi l a r  es t imat ions  
were  ca r r i ed  out on beef  l ipid and  b lack  cod l ipid t r ig lycer ides .  
The  resu l t s  ind ica ted  tha t  the  h ighes t  content  of the  t r ig lye-  
e r ides  in  these l ipids  w e r e  as follows: soybean  oil, (3 X Cls:~, 
1 7 . 5 % ) ;  beef  l ipids,  (1  X Cle:o, 2 X Clsa ;  3 3 . 2 % ) ;  b lack  cod 
lipids, (1 X C ~ ,  2 X Cls:l; lO.O~ 

53 
T R I A C Y L G L Y C E R O L  C O M P O S I T I O N  O F  R A P E S E E D  0 I L .  
BENGT HERSL(}F, ]~AGNAR OHLSON, a n d  0LDRICIt PODLAHA, 
AB K a r l s h a m n s  Ol je fabr ike r ,  R e s e a r c h  Labora to ry ,  S-292 00, 
K a r l s h a m n ,  Sweden.  

The t r iacylg lycero ls  of a low eruc ic  ac id  c on t a in ing  rapeseed  
oil have  been s tud ied  by m e a n s  of d i f fe ren t  c h r o m a t o g r a p h i c  
techniques .  H i g h  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  in com- 
b ina t ion  wi th  gas  c h r o m a t o g r a p h y  and  2-posit ional  analyses  
p rov ide  i n fo rma t ion  about  d i f ferent  types  of t r iacylglycerol  
species  ex i s t ing  in  the  oil. Such a composi t ion allows a com- 
pa r i son  wi th  o ther  seed oils in a more  accu ra t e  w a y  t h a n  does 
f a t t y  acid  composi t ion alone. 
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H I G H  P E R F O R M A N C E  L I Q U I D  C H R O M A T O G R A P H Y  
S E P A R A T I O N  O F  M O N O U N S A T U R A T E D  T R A N S  F A T T Y  
A C I D S .  R.  BATTAGLIO and  D. FROHLICH, Cantonal  Labora to ry ,  
P O  Box 8030, Zur ich ,  Swi tze r land .  

Abs t r ac t  not  avai lable  at  p ress  t ime.  
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SEPARATION AND DETERMINATION OF POE TYPE 
NONIONIC SURFACTANTS BY HIGH SPEED LIQUID 
C H R O M A T O G R A P H Y .  YUKIO KASAI and  WATARU YANO. 
S u z u k a  College of Technology,  Shiroko-cho, Suzuka-shi ,  Mie-ken, 
J a p a n .  

A ser ies  of nonylphenol  ethylene oxide adduc t s  wi th  1 - 3 0  
m e a n  oxyethylene un i t s  w a s  s epa ra t ed  wi th  good resolut ion by 
h igh  speed liquid ch roma tog raphy ,  u s i n g  porous  micro-spher ica l  
si l ica gel as s t a t i ona ry  phase .  The  r ecommended  condi t ions  are  
as  fol lows:  column, 500 m m  X 2.3 m m  or  500 m m  X 4 m m  
I D ;  mobile phase,  g r a d i e n t  f rom acetoni t r i le-e thylaceta te  ( 1 : 4 ,  
v / v ,  w a t e r - s a t u r a t e d )  to wa te r -me thano l  ( 1 : 9 ,  v / v ) ;  flow rate ,  
0 . 3 - 0 .8  m l / m i n ;  p ressure ,  5 0 - 1 0 0  k g / c m 2 ;  detector,  u l t rav io le t  
detector  (277 n m ) .  The  s epa r a t i on  of v a r i o u s  comnlercial  
samples  wi th  1 - 3 0  oxyethylene un i t s  showed the resolut ion 
( R s )  above 1 u n d e r  these condit ions.  The molecular  d is t r ibu-  
t ion of the  samples  w a s  de t e rmined  by in t eg ra t ion  of each peak  
a n d  conf i rmed to be Po i s son  d is t r ibu t ion .  
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D E T E R M I N A T I O N  O F  S O D I U M  S U L F A T E  I N  D E T E R -  
G E N T S  B Y  H I G H  P E R F O R M A N C E  L I Q U I D  C H R O -  
M A T O G R A P H Y .  MAKOTO YAMANAKA, ATSUO NAKAE, KAZUMI 
FURUYA, and  TSURUO MIKATA, Anal .  Chem. Sec., Tochigi  Re- 
sea rch  Labora to r ies ,  K a o  Soap Co., Ltd. ,  2606  Akabane ,  I ch ika i -  
machi ,  Tochigi ,  321 - 34 ,  J a p a n .  

A method w a s  developed for  the  de t e r mina t i on  of sod ium 
sul fa te  in  de te rgen ts  by h igh  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  
( H P L C ) .  Sul fa te  ion w a s  s epa ra t ed  f r o m  other  an ions  (p.yro- 
phosphate ,  t r ipolyphosphate ,  etc.)  by H P L C  on a porous  micro-  
spher ica l  s t rong  an ion  exchange r  (TSK-Gel  L S - 2 2 2 |  column 
wi th  0.1 tool/1 n i t r i c  ac id  and  0.005 tool/1 i ron ( I I I )  n i t r a t e  
as the  e luent  and  detected wi th  a U V  moni to r  (330  n m )  as 
FeSO+4 complex. I r o n  ( I I I )  is effective no t  only as an  elut ing,  
bu t  also as a color-developing, agen t  for  su l fa te  ion. The  plot 
of p e a k  a rea  vs.  the  we igh t  of sod ium sul fa te  w a s  l inear  over  
the  r a n g e  of 8--24 /~g. Good recovery  and  reproduc ib i l i ty  were  
obta ined f rom the samples  of s t a n d a r d  de te rgen ts  con t a in ing  
k n o w n  amoun t s  of sod ium sulfa te .  Sod ium sul fa te  in  some 
commerc ia l  de te rgents  w a s  de t e rmined  by the proposed  method  
wi th  no in te r fe rence ,  a n d  the  resu l t s  a g r e e d  w i t h  those of the  
convent iona l  cbela tometry .  

182A J.  A M .  O I L  C H E M I S T S '  S O C ~  F e b r u a r y  1 9 7 9  ( V O L .  5 6 )  
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H I G H  P E R F O R M A N C E  L I Q U I D  C H R O M A T O G R A P H I C  
A N A L Y S I S  OF  S U R F A C T A N T S  U S E D  I N  D E T E R G E N T S  
F O R  W A S H I N G  F A B R I C S .  D.  T/~O.~iAS, Soci6t6 Chimiotechnic ,  
25,27 rue  de l ' I ndus t r i e ,  69631,  Veniss ieux ,  F r a n c e ;  and  J . L .  
Rocca,  L a b o r a t o i r e  de Chimie  Ana ly t ique  I I I ,  Un ive r s i t 6  Lyon,  
F r ance .  

The d i f ferent  s u r f a c t a n t  fami l ies  a re  analyzed wi th  a h igh 
p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  technique  u s i n g  a R F 8  
s t a t i ona r y  phase  (L ich roso rb  R P 8  5 m, 15 cm length  co lumn)  
and  m i x t u r e s  of wa te r -me thano l  as mobile phases .  The  mode 
of detect ion is U V  (254  n m )  or r e f r ac t i ve  index.  Two di f ferent  
a reas  are  d i s cus sed :  1. Ana lys i s  of each f ami ly  (control  of r a w  
mate r i a l s  to be p rocessed ) .  ( a )  Su l fona te  compounds  (alkyl-  
benzene, paraf f in )  : each homologue is s epa ra t ed  hy ion-pa i r  
fo rma t ion  wi th  an  a p p r o p r i a t e  counter- ion dissolved in the mobile 
phase.  (b)  Soaps  a re  s e p a r a t e d  wi th  an  acid  mobile phase  
or  by ion-pai r  fo rma t ion  wi th  an  a p p r o p r i a t e  counter- ion in 
mobile phase  at  p H  9. (c)  Nonionic  compounds  ( l ike fa t ty  
alcohols or e thoxylated a lkylphenols)  : these  compounds  a re  
s e p a r a t e d  in accordance  wi th  the  n a t u r e  of the i r  hydrophobic  
cha in  in mobile phase  at pI-I 9. 2. Ana lys i s  of s u r f a c t a n t  
m i x t u r e s  used in commerc ia l  composi t ions.  A p p r o p r i a t e  choice 
of expe r imen ta l  p a r a m e t e r s  m a k e s  it  possible to de te rmine  
rap id ly  the n a t u r e  and  cmnposi t ion of each s u r f a c t a n t  f ami ly  
by m e a n s  of three  success ive  c h r o m a t o g r a p h i c  analyses .  Bes ides  
control  of r a w  mater ia l s ,  the r a p i d i t y  a n d  s impl ic i ty  of these 
sepa ra t ions  also allow con t inuous  control of m a n u f a c t u r i n g  and  
ana lys i s  of other  commerc ia l  de te rgents .  

$8 

A T H E R O S C L E R O S I S :  AN O V E R V I E W .  DAVID KRITC/tEVSKY, 
~Vistar  Ins t i tu t e ,  B r y n  M a w r ,  P A .  

Abs t r ac t  no t  avai lable  a t  p ress  t ime.  
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D I E T  A N D  T I t E  D E V E L O P M E N T  0 F  A T H E R O M A .  A.  
WHITLEY BEANW0OD, College of P h y s i c i a n s  a n d  Surgeons ,  De- 
p a r t m e n t  of Pa thology,  630 W e s t  168 St.,  N e w  York,  NY 10032.  

Epidemiologic  fac to r s  a re  d i scussed  in re la t ionsh ip  to the  
development  of a therosclerosis .  The evolut ion of the  a thero-  
sclerotic lesion is descr ibed  f r o m  its  in i t ia l  incept ion  to the  
fully developed a d v a n c e d  disease  process .  The  descr ip t ion  of 
th is  evolut ion is d i scussed  cr i t ica l ly  in  re la t ionsh ip  to epi- 
demiologic a n d  d i e t a ry  fac to r s  and. tile theor ies  of a theroselerosis ,  
namely  th rombogenic ,  l ipogenic,  combined th rombogen ic  a n d  
lipogenic, myoiu t imal ,  a n d  m u t a g e n i c  a re  analyzed,  a n d  a 
hypothes is  is sugges ted  to expla in  the  deve lopment  of a thero-  
sclerosis  in re la t ionship  to race,  env i ronmen t ,  diet, hyper tens ion ,  
age, sex, and  other  fac tors .  
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E F F E C T S  OF  D I E T A R Y  F A T  ON T H E  C L I N I C A L  A N D  
B I O C H E M I C A L  F E A T U R E S  O F  F A M I L I A L  H Y P E R L I P 0 -  
P R O T E I N E M I A .  AKIRA YAMAMOTO, D e p a r t m e n t  of Pa tho log ica l  
Science, Resea rch  Center ,  Na t iona l  C a r d i o v a s c u l a r  Center ,  5 -  
125, Fu j i sh i roda i ,  Sui ta-shi ,  0 s a k a - f u ,  565, J a p a n ;  HIROSHI 
SUD0, TAKU YAMAMURA, and  ~ASAHARU KUBO, D e p a r t m e n t  
of Medicine,  Osaka  U n i v e r s i t y  Medica l  School, Osaka ,  J a p a n .  

P a t i e n t s  wi th  d i f fe ren t  types  of fami l ia l  hype r l ipopro te inemia  
were  g iven  ( a )  a r e g u l a r  diet  ( f a t  5 0 - 6 0  g per  day ) ,  (b)  
a low-fat, low-cholesterol diet, and  (c)  an  isocaloric  diet  sup- 
p lemented  wi th  30 g of vegetable  oil ( r ice  oil 7, safflower oil 
3) each for  2 weeks .  S e r u m  l ipoprotein  p a t t e r n  on electro- 
phoresis ,  l ipid composi t ion of l ipoprotein  f r ac t i ons  obta ined by 
u l t r acen t r i fuga t ion ,  composi t ion of b i l i a ry  l ipids and  bile acids,  
and  the fecal  excre t ion  of s tero ids  were  es t imated .  I n t a k e  of 
d ie ta ry  fat ,  even vege tab le  oil r i ch  in  p o l y u n s a t u r a t e d  f a t t y  
acids, resul ted  in a s ign i f i can t  inc rease  in  s e r u m  concen t ra t ion  
of cholesterol in fami l i a l  hypercholes te ro lemia  ( F H ) ,  m a k i n g  a 
sha rp  con t ra s t  to Type  I I b  and  Type  I V  hype r l i pop ro t e inemia  
in which the vegetable  oil is effective in dec r ea s ing  the  s e rum 
cholesterol. I n t r a v e n o u s  a l imen ta t ion  resu l ted  in  a m a r k e d  de- 
crease  in concen t ra t ion  of s e r u m  cholesterol in  a homozygous  
case of F H .  L i p i d  composi t ion of bile in  F H  was  no t  affected by 
d ie ta ry  changes .  A m a r k e d  increase  in  concen t ra t ion  of cho- 
lesterol in bile was  ob ta ined  in pa t ien ts  wi th  Type  I I b  and  
Type  I V  hyper [ ipopro te inemia  by  supp lemen ta t ion  wi th  vege-  
table oil, even if  there  w e r e  no defini te changes  in fecal  
excre t ion  of sterols and  bile acids.  Cases of hype r l i pop ro t e inemia  
showing  a broad  ~ pa t t e rn  on e lec t rophores is  were  not  as sca rce  
a m o n g  J a p a n e s e .  H o w e v e r ,  the va lue  of the chemical  i ndex  
for Type  I I I  hyper l ipopro te inemia ,  V L D L - O h / T G ,  w a s  usua l ly  
low compared  wi th  the  c r i t e r i a  p roposed  by F r e d r i c k s o n  or  
Hazza rd .  X a n t h o m a  w a s  seldom found  in our  own cases.  I n  
this  type of hyper l ipopro te inemia ,  a t r a n s i e n t  change  of the  
l ipoprotein pa t t e r n  be tween  Types  I l I  a n d  V was  of ten  ob- 
se rved  by a change  in d i e t a ry  f a t  in take .  Def ic iency in 
pos thepa r in  lipolytic act ivi ty ,  both in  l ipoprotein  l ipase a n d  
hepa t ic  t r ig lyce r ide  lipase, w a s  detected in  a f ami ly  l inked  
wi th  a t r a i t  of x e r o d e r m a  p igmen tosum.  
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S C L E R O S I S  A N D  N U T R I T I O N .  E. RENNER, D e p a r t m e n t  
of D a i r y  Science,  J u s t u s - L i e b i g - U n i v e r s i t y ,  B i s n l a r c k s t r  16, D- 
6300 Giessen,  Fede ra l  Republ ic  of G e r m a n y .  

The d i f ferent  physiological  effects of s e r u m  l ipoprote ins  can- 
not  be expla ined  on the bas is  of the i r  cholesterol content .  The  
supposedly  " d a n g e r o u s "  v e r y  low dens i ty  l ipoprote ins  ( V L D L )  
and  low dens i ty  l ipoproteins  ( L D L )  conta in  1 5 %  a n d  4 5 %  
cholesterol, respect ively,  whi le  the " u s e f u l "  h igh  dens i ty  lipo- 
prote ins  ( H D L )  conta in  2 0 % .  Th i s  is an  i m p o r t a n t  a r g u m e n t  
a g a i n s t  the  a s s u m p t i o n  tha t  cholesterol is an  a the rogen ic  fac tor .  
Al though the se rum l ipoprotein  f r ac t ions  can  be inf luenced by 
diet, the  resu l t s  a re  of ten con t rad ic to ry  a n d  clinically of 
ques t ionable  s igui f icance .  P a r t i c u l a r l y  difficult is the in te rp re ta -  
t ion of the  impor t ance  of c a rbohyd ra t e s  as  r e g a r d s  the  f r e q u e n t  
*'type I V "  of the  hyper l ip idemias .  These  re la t ionsh ips  need 
carefu l  d iscuss ion.  
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P O S T H E P A R I N  L I P O L Y T I C  A C T I V I T Y  I N  P A T I E N T S  
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~][UI~A, MASAHAI~U KUBO, The  Second D e p a r t m e n t  of I n t e r n a l  
Medicine,  Osaka  U n i v e r s i t y  Hospi ta l ,  F u k u s h i m a - k u ,  Osaka ,  
553, J a p a n  ; and  AKIILA YAMAh[OTO, Resea rch  Ins t i tu te ,  Na- 
t ional  C a r d i o v a s c u l a r  Center ,  D e p a r t m e n t  of Pa thog i c a l  Science,  
Osaka ,  J a p a n .  

P o s t h e p a r i n  p l a sma  conta ins  two l ipases,  l ipoprotein  l ipase 
( L P L )  and  hepa t ic  t r ig lycer ide  l ipase ( H - T G L ) .  Type  I 
hype r l ipopro te inemia  is  usua l ly  recognized  as  L P L  deficiency. 
Recent ly  it  has  been shown tha t  some other  m e c h a n i s m s  m a y  
be involved in the  exis tence of chylomicronemia .  The physio- 
logical role of H - T G L  is u n k n o w n .  The  p re sen t  s tudy  w a s  
u n d e r t a k e n  to e x a m i n e  the  ac t iv i ty  of these two l ipases  in  
pa t i en t s  wi th  chy lomicronemia .  F o u r  of the  pa t i en t s  were  
classified as  Type  I hyper l ipopro te inemia  a n d  the  o ther  f o u r  
as Type  V. Blood samples  were  ob ta ined  a t  10, 20, and  30 
rain a f t e r  i n t r a v e n o u s  in jec t ion  of hepa r in  (0.1 rag ~ 13 un i t s  
per  kg  body we igh t ) .  Assay  m i x t u r e  of pos thepa r in  l ipolytic 
ac t iv i ty  consis ted of Edio i  as a subs t ra te ,  0.1 M Tr i s - I tCI  
buffer,  p H  9.0, w i th  5 %  bovine  a lbumin  a n d  di luted pos thepa r in  
p lasma.  E s t i m a t i o n  of the  L P L  ac t iv i ty  w a s  based on the 
selective inh ib i t ion  by 1 M NaC1. All of tlle Type  I pa t i en t s  
showed an  ex t reme  deficiency in L P L  act iv i ty .  I n  con t ra s t  to 
the repor t s  by other  authors ,  there  w a s  a s l ight  to modera te  
decrease  in H - T G L  ac : i v i t y  in our  cases.  Two  of the pa t i en t s  
were  b ro the r  and  sis ter .  T h e y  h a d  an  ex t reme  deficiency in 
the Clt component  of V L D L  and  chylomicron apopro te ins .  By  
addi t ion  of the  n o r m a l  h u m a n  s e r u m  or  pur i f ied  apo Cxi to 
the a s say  mix tu re ,  the i r  L P L  ac t iv i ty  w a s  recovered  above the  
no rma l  level. One  of the  Type  V pa t i en t s  h a d  a m a r k e d  
decrease  in  both of the  L P L  and  I-I-TGL ac t iv i t ies  a n d  showed 
a change  in l ipoprotein  pa t t e r n  fo l lowing d ie ta ry  fa t  r e s t r i c t ion  
into Type  I I I  (b road  ~ type)  on P A G  disc e lectrophoresis  as 
well as  by ana lys i s  on u l t r a cen t r i f uga t i on .  H i s  f a m i l y  had  a 
t r a i t  of x e r o d e r m a  p igmen tosum,  and  the  case is p r e s u m a b l y  
a v a r i a n t  or  pecu l i a r  type of L P L  deficiency.  The  other  Type  V 
pa t i en t s  showed no rma l  L P L  ac t iv i ty  wi th  a m o d e r a t e  de- 
crease in  H - T G L ,  
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Wes t  168 St., New York,  NY 10032.  

Cholesterol is an  essent ia l  compound  because  it  f o rms  p a r t  
of cellular m e m b r a n e s  and  is the mother  subs tance  of ho rmones  
a n d  bile acids .  Yet  " l e tha l "  effects have  been asc r ibed  to it  
nlaiuty ( b a t  not  only)  because  of the  pos i t ive  corre la t ion  be- 
tween  e levated s e r u m  cholesterol a n d  ar te r iosc le ro t ic  com- 
pl icat ious ( " L i p i d  T h e o r y  of Ar t e r i o sc l e ro s i s " ) .  Howeve r ,  i t  
has  become ev iden t  tha t  d i f ferent  cholesterol con ta in ing  s e r u m  
l ipoprotein f r ac t i ons  can  have  e i ther  a posi t ive  (low dens i ty  
s e r u m  l ipopre te ins  [ L D L ] )  or a nega t i ve  corre la t ion  (h igh  
dens i ty  l ipoproteins  [ H D L ]  ) w i th  ar ter iosc lerot ic  complica- 
tions. Therefore ,  exp lana t ions  on the  bas is  of the  lipid theory  
a re  unconv inc ing .  Mere  corre la t ions  can neve r  f o r m  the bas i s  
of etiological cons idera t ions .  The  p resence  of i n c r e a s i n g  amoun t s  
of cholesterol in g r a n u l o m a t o u s  t i s sues  ( i nc lud ing  the  a t h e r o m a )  
sugges t s  tha t  i t  is p a r t  of the r e p a i r  process  r a t h e r  t h a n  the  
cause  of the  a the roma .  The slowly i n c r e a s i n g  cholesterol con- 
tent  of a g i n g  t i s sues  can  be s imi la r ly  in te rp re ted .  The be- 
hav io r  of tile s e r u m  lipid f r ac t ions  is probably  a consequence 
of the  requ i ren len t  of the  t i ssues  for  cholesterol u n d e r  no rma l  
and  pathological  condit ions.  W h e n  d iseased  t i s sues  need cho- 
lesterol for  r epa i r ,  L D L  supply  it. H D L  remove  u n n e c e s s a r y  
cholesterol f r o m  norma l  t i ssues .  Cellular  receptors  of cholesterol 
are  s imi la r ly  regula ted .  Cholesterol n e v e r  induces  t i s sue  d a m a g e  
except  w h e n  enornmus  a m o u n t s  a re  fed to some species.  Caloric  
res t r ic t ion  occasional ly  inf luences a b n o r m a l  cholesterol metab- 
olism beneficially.  Othe r  d i e t a ry  m a n i p u l a t i o n s  h a v e  little 
inf luence.  S e r u m  cholesterol l ower ing  d r u g s  have  p roved  to 
be h a r m f u l .  
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H U M A N  A T H E R O S C L E R O S I S .  FUMIO KUZLTyA and  NO~ORU 
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I t  has  been pos tu la ted  tha t  l ipoperoxide plays  an  i m p o r t a n t  
role in the  p rog res s ion  of a theroscleros is .  T h e  accumula t ion  of 
peroxide  in  t i s sues  of o r g a n s  has  been sugges ted  to cause  the  
d i s t u r b a n c e  of metabol i sm.  On the  otller hand,  g lu ta th ione  
perox idase  ( G S H x ) ,  which  metabol izes  the  hydroperox ide  in the 
o rgans ,  is also one of the  i m p o r t a n t  enzymes  w o r k i n g  as a 
s c a v e n g e r  for  p r e v e n t i n g  the  inc rease  of peroxides .  We,  there-  
fore, t r i ed  to m e a s u r e  the  ac t iv i ty  of G S H x  and  peroxide  va lue  
in h u m a n  o r g a n s  a n d  to observe  w he the r  they  would  be affected 
by the  age  and  sever i ty  of a therosclerosis .  F o r t y  cases  were  
sampled  f r o m  the fo rens ic  autopsy,  whose  ages  w e r e  2 yea r s  
t h r o u g h  81 yea r s  w i thou t  any  obvious diseases .  L ive r ,  k idney ,  
hea r t  muscle,  b ra in ,  ad r ena l  glands,  lung,  and  aor t a  were  
used in th i s  exper iment .  Macroscopical ly ,  ao r t a  w a s  classified 
into 5 degrees  (e.g., f r o m  0 to 4)  acco rd ing  to the  sever i ty  
of a theroscleros is .  The  in t ima-media ,  i n t i m a  and  med ia  of 
thorac ic  a n d / o r  abdomina l  aor ta  w e r e  ut i l ized for  measure -  
ment .  The  ac t iv i ty  of G S H x  w a s  m e a s u r e d  by  the  modified 
method  of Li t t le  a n d  O ' B r i e n ,  a n d  the  m e a s u r e m e n t  of peroxide  
in  t i s sues  w a s  done by the  method  of M a s u g i  and  N a k a m u r a .  
Resul t s  show e d :  (a )  The  ac t iv i ty  of G S H x  in l iver  and  k idney  
was  s ign i f i can t  in  h i g h e r  levels t h a n  the o thers  in  all age  
g roups .  (b)  The h i g h e r  peroxide  v a l u e s  w e r e  obta ined in  b r a i n  
a n d  h e a r t  muscle ,  w h e r e a s  the lower  va lues  were  observed  in 
l iver  and  k idney  t h r o u g h  all ages.  (c)  G S t t x  ac t iv i ty  seemed 
to decrease  wi th  i n c r e a s i n g  seve r i ty  in aor ta ,  in  which  the  
s ign i f ican t  decrease  w a s  observed in s tage  3 and  4 in  the 
thorac ic  aor ta .  (d )  The  i n c r e a s i n g  levels of peroxide  in aor ta  
were  observed wi th  i n c r e a s i n g  a theroscleros is .  (e l  G S H x  of 
i n t i m a  w a s  ahvays  observed in h i g h e r  levels t h a n  tha t  of media ,  
w lmreas  the  peroxide  va lue  in  med ia  w a s  h i g h e r  t h a n  in  i n t ima .  
There fore ,  the  fo l lowing w a s  pos tu la ted :  ( a )  G S t t x  w a s  work-  
i ng  as  a s c a v e n g e r  of pe rox ides  in  t i s sues  and m a i n t a i n i n g  a 
good metabol ic  balance.  (b)  W i t h  a g i n g  and  also wi th  m-  
c r ea s ing  atheroselerosis ,  the  p roduc t ion  a n d  accumula t ion  of 
peroxides  were  i n c r e a s i n g  gradua l ly ,  r e s u l t i n g  in the  d i s t u r b a n c e  
of ba lance  be tween  G S H x  and  peroxide.  (c)  I n c r e a s e  of peroxide  
in o rgans ,  especial ly in  blood vessels,  would  be one of the 
acce le ra t ing  fac to r s  for  h u m a n  atherosclerosls .  

J .  A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( ' C O L .  5 6 )  183A 
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I n  re la t ion to the " l i p id "  factor as one of the " r i s k "  factors 
of atherosclerotic diseases, we examined H D L ,  L D L ,  and  total  
cholesterol, so-called extra  pre-~, serum th ioba rb i tu r i e  acid 
(TBA)- reae t ive  chrmuogens, and fa t ty  acid pa t t e rns  in phos- 
phol ipids  of platelets in  re la t ion  to platelet  aggregabi l i ty  in  the 
pa t ien ts  wi th  and prone to atherosclerotic diseases:  ma in ly  
card iovascular  and cerehrovascular  diseases and diabetes 
melli tus.  I n  diabetes melli tus,  HDL,  LDL,  and  total  cholesterol 
concentrat ion did not  have any correlat ion to t rea tment  (diet  
alone, oral ant idiabet ics ,  or in su l ins ) ,  to the degree of control  
of blood sugar  level (good or poor) ,  and to the grade of 
diabetic re t inopathies .  However,  pa t ien ts  wi th  ischemic hear t  
diseases anaong them had only s l ight ly lower HDL-cholesterol  
(s ta t is t ical ly  not s igni f icant ) ,  s ignif icant ly  h igher  LDL-  
total  cholesterol, and s ignif icant ly  lower HDL-cho le s t e ro l /LDL-  
cholesterol ra t io  than  those of the rest. The percentage of 
a-fract ion (a- l ipoprote ins)  in  a disc electrophoretogram was  
also signif icantly lower in  the pat ient  group.  The resul ts  sug- 
gested tha t  the HDL-choles te ro l /LDL-choles te ro l  ra t io  migh t  be 
clinically more s ignif icant  than  the absolute HDL-cholesterol  
vames  to estimate atherosclerosis. TBA-react ive  chromogens in  
the serum, a l though their  biochemical significance is still  un- 
known, were s ignif icant ly  h igher  in  pa t ien ts  wi th  cardiovascular ,  
cerebrovascular,  and diabetes mel l i tus  than  in the controls. 
The appearance of extra pre-~ was s ignif icant ly  h igher  in 
atheroselerotic pat ients .  However,  thus  far  we could not  find 
any special re la t ionship  between the food habi ts  of pa t ien ts  and 
T BA values or extra pre-/~ appearance.  The half-life of platelets  
was s ignif icant ly  shorter  in pa t ients  with cerebrovaseular  dis- 
eases and diabetes mell i tus  than  in  the controls, a l though the 
phospholipase act ivi ty  in platelets est imated by N-ethylmaleimide 
s t imula t ion  was not s ignif icant ly  different among them. Rela- 
t ive content of arachidonic  acid in phosphol ipids  of platelets  
seemed to be lower in Japanese  than  tha t  reported in Wes te rn  
l i terature .  However,  whether  there are any differences in  the 
content of arachidonie  acid between controls and atheroscierot ie  
pat ients  among Japanese  is now under  inves t iga t ion .  In  a 
s~mposium to follow we will  discuss possible re la t ionships  of 
these f indings to atherogenesis.  
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V E R S U S  C H O L E S T E R O L  F E E D I N G .  JOB R. LI, LAURIE K. 
BALE, BRUCE A. KOTTKE, Atherosclerosis Research Unit, Mayo 
Cl in i c /Founda t ion ,  Rochester, MN 55901 ; and M.T. RAVI 
St-m~]A~I, Cinc inna t i  Medical Center. 

Exper iments  were designed to determine whether  or not the 
nmchanism of hand l ing  dietary cholesterol in later life could be 
influenced by the man ipu la t ion  of cholesterol homeostasis  d u r i n g  
neonatal  period. The effects of (a)  enhanc ing  cholesterol 
de~'radation (cholestyramine feeding)  and (b) high die tary  
cholesterol intake d u r i n g  neonatal  period of guinea  p iss  on 
their  subsequent  p lasma cholesterol (PC)  levels and response 
to later die tary cholesterol challenge were invest igated.  Male 
newborn guinea  pigs  were suckled for 6 days and used for 
two sets of experiments.  I n  Exper iment  I, one group was 
ma in ta ined  on a 1 .1% cholestyramine (CT) diet for 6 weeks 
and the control group weaned normally.  I n  Expe r imen t  I I ,  one 
group was subjected to 0 .25% cholesterol diet  for 12 weeks. 
Normally weaned guinea  pigs  served as control animals.  All 
groups  of guinea  pigs were then fed a regu la r  gu inea  pig 
chow diet for 6 weeks. Fol lowing this  period the ~uinea pigs  
were then subjected to a 0 .25% cholesterol diet  for 4 weeks. 
I 'C levels (nig/d~) were s ignif icant ly  lower in the g roup  pro- 
t reated with CT d u r i n g  the neonatal  per iod when compared to 
the controls (79.2 • 5.3 vs. 99.2 -4- 10.0) .  The difference in 
FC persisted th roughout  the cholesterol feeding period. PC 
levels of the group pre t reated with high cholesterol (PT)  
d u r i n g  the neonatal  period did not show signif icant  differences 
frmn the controls (PT,  89.0 ~ 8.8 vs. control, 78.8 --~ 11.1) .  
These resul ts  suggest  tha t  the s t imula t ion  of cholesterol catab- 
olism ra the r  than  cholesterol feeding d u r i n g  neonatal  per iod can 
influence the subsequent  response to d ie tary  cholesterol. 
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Mature  rabbi ts  fed atherogenic  diets have exhibited enhanced 
l ip id  mobil izat ion mediated by die tary  cholesterol. This ex- 
per iment  was designed to find if the increased c i rcu la t ing  l ipid 
would promote growth in young rabbits.  Groups  of 15 New 
Zealand Wbi te  rabbi ts  were fed ad l ib i tum ei ther :  commercial  
chow ( C O N T R O L ) ,  chow plus 1% cholesterol ( C H O L ) ,  chow 
plus 1 0 %  corn oil (CORN) .  or chow plus  1 %  cholesterol and 
10% corn oil ( C H O L - C O R N ) .  Body weight  gains  of CHOL 
and CORN groups  were super ior  to controls. Ga ins  of CHOL- 
CORN rabbi ts  were less than  all others. Much higher  p lasma 
cholesterol concentrat ions occurred with the CHOL-CORN diet 
(1550 rag /100  mI) than  wi th  either Ct~OL alone (850 r a g / 1 0 0  
ml) or CORN alone (50 r ag /100  ml) .  L ive r  cholesterol re- 
flected the plasma cholesterol concentrat ions wiIh CONTROL 
and CORN diets being only 3 rag/g ,  compared to 10 m g / g  for 
CHOL and I8  m g / g  for CHOL-CO~N.  Some aort ic th icken ing  
occurred in rabbi ts  on C H O L  and CHOL-CORN diets, with 
4 0 %  of these rahhi ts  showing atherosclerotic plaq{les when 
killed ~fter 9 weeks on the diets. The experiment  suggests  
that,  while some growth  advan tage  may occur in young  rabbi t s  
fed cholesterol, it is negated by concurrent ly  feeding h igh  
levels of p lan t  l ipid,  and  is no bet ter  than  feeding l ip id  alone. 
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LONG T E R M  F E E D I N G  OF P A R T I A L L Y  H Y D R O G E N A T E D  
H E R R I N G  O I L S  TO C Y N O M O L G U S  MONKEYS.  R.G. 

AOKMAN, Fisheries  and Oceans Canada,  Technology Branch,  
PO Box 550, Hal i fax,  Nova Scotia, B 3 J  2S7, Canada ;  F.M. 
LOEW, Johns  Hopk ins  School of Medicine;  B. SCHIEFER, and 
E.D. Or~FE~T, U n i v e r s i t y  of Saskatchewan.  

Over a per iod of 30 months  of cont inuous  feeding of diets 
con ta in ing  2 5 %  of ei ther lard-corn oil, or of a par t i a l ly  hydro- 
genated he r r ing  oil con ta in ing  2 0 %  docosenoic acids, to 
cynomolgus monkeys, the health of the animals  remained good. 
The p r imary  objective of the s tudy was  to determine i f  the 
myocardial  lesions induced in ra t s  by high fa t  diets r ich in 
any docesenoic acid could also be induced in  the nonhuman  
primate.  Hear t s  f rom animals  sacrificed at 6, 12, 18, 24, 
and 30 months fai led to show diet-l inked differences ~n myo- 
carditis,  but  wi ld-caught  animals  usual ly  had more lesions than  
laboratory-bred animals.  Foci of myocardi t is  if  present  were 
much smaller than  those observed in ra ts  fed the same diets. 
The lard-corn oil g roups  histological ly showed a t r ans i en t  
l ipidosis which disappeared in  most  cases af ter  12 months,  but  
the corresponding early l ipidosis  in  the par t ia l ly  hydrot~enated 
he r r ing  oil groups  was apparen t  for the full  30 months.  The 
relat ions between diet, serum cholesterol and tr iglycerides,  and 
f indings  in  the aorta  wil l  be discussed. 
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C O N T I N U O U S  O I L  W I N T E R I Z A T I O N  D E V E L O P M E N T .  
BASIL T. FAPA/tRO.~IS, Hun t -Wesson  Foods, 1645 W. Valencia, 
Bfail Stat ion 501, Ful ler ton,  CA. 

This  paper presents  the series of steps and test  procedures 
ut i l ized in the successful  development of a commercial  cont inuous  
soybean oil win te r iza t ion  process. I t  describes the in i t i a l  bench- 
scale testing, us ing  a one-gallon capacity crystall izer and 
Buchner  funnel  vacuum filter. Crystal l izat ion was scaled-up 
directly from these one-gallon crystall izers to 10,000-gallon 
plant-sized crystallizers.  Cont inuous  s tear ine separat ion was 
tested us ing  a pilot  size ro tary  vacuum filter. This test data 
was then uti l ized to select a plant-sized rotary vacuum filter, 
which would match the p lan t  crysta l l iz ing capacity. Ult imately,  
the work herein described provided the basis for commercial 
cont inuous  soybean oil win te r iza t ion  systems which were suc- 
cessfully put  into operation.  Crystal l izat ion technology re la t ive  
to rotary vacuum filter operabi l i ty  is discussed, and the ad- 
vantages  of con t inuous  soybean eli  win te r iza t ion  are presented.  

7O 
W I N T E R I Z A T I O N .  D u r i r o n  Co. 

Abst rac t  not avai lable  at  press time. 

71 
W I N T E R I Z A T I O N  OF P E A N U T  OIL.  R.O. FEUGE and  JOI~N 
L. W/~ITE, SR., Southern  Regiona l  Research Center, USDA,  
1>0 Box 19687, New Orleans, L A  79179. 

P e a n u t  oil solidifies readily above 0 C and does not meet 
the cold-test specification for salad oil. F rac t iona l  crystal l izat ion 
from a solvent and removal  of 5 %  to 7 %  of the highest  
melt ing t r iglycerides  do winterize the oil, but  the minu te  crystals 
are so difficult to remove tha t  win te r iza t ion  is not  economically 
feasible. Crystal  modifiers and changes in  the type of solvent 
were found to be ineffective. The minute ,  hard-to-filter crystals 
were a t t r ibuted  par t ly  to the even d i s t r ibu t ion  of 6 %  to 7 %  
C2o-Ce* sa tura ted  fa t ty  acids among the tr iglycerides.  Inter-  
esterification to r ea r range  randmnly  all fat ty acid groups,  fol- 
lowed by f rac t ional  crystal l izat ion from solvents, improyed some- 
what  the ease of winter izat ion,  but  the crystals still  passed 
th rough  50-rnicrometer filters. Directed r ea r r angemen t  at  20 C 
fur ther  improved ease of win te r iza t ion  bu t  also increased the 
amount  of solids at  0 C to about  2 3 % .  Semidirected rearrange-  
ments  carr ied to eqo i l ib r ium at 28 C wi th  the aid of a catalyst  
tha t  remained in solution at  this  t empera ture  resul ted in the 
format ion of about  7 %  highly  sa tu ra ted  tr iglycerides,  which 
couhl be rmnoved wi th  re la t ive  ease to yield a well-winterized 
oil. For  the first time, the win te r iza t ion  of peanu t  oil could 
be conducted wi thou t  the aid of a solvent. The C2~-C~ fa t ty  
acids comprised over  half  of the h ighly  sa tu ra ted  t r ig lyeer ides  
formed by semidirected rea r rangement .  
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N E W  P R O C E S S  OF I N T E R E S T E R I F I C A T I O N  OF F A T S  
AND O I L S  W I T H  C A U S T I C  SODA CATALYST.  KATSUYOS~I 
MIKI, HIROTO SUZUKI, and K o J I  ITO, Miyoshi 0 i l  & Eat  Co., 
Ltd.,  4-66-1 Hor ik i r i ,  Katsushika-ku,  Tokyo, J a p a n .  

In teres ter i f ica t ion wi th  caustic soda catalyst  general ly  re- 
quires  h igh  react ion tempera ture  (h igher  than  160 C) and 
long reaction t ime ( longer  than  1 h r ) .  Since the long react ion 
t ime at  high tempera ture  leads to the format ion  of va r ious  
secondary products,  the taste and keeping qual i ty  of products  
become worse d u r i n g  reaction. I t  was confirmed in the large 
scale actual  p lan t  (12 tons reactor)  tha t  quick evapora t ion  
and dispersion of caustic soda and glycerine water  solut ion 
iu  a vacuum reactor  in  which the fat  is filled can lower re- 
action tempera ture  as well as shorten react ion time. I t  seems 
impor tan t  to accelerate the speed of evapora t ion  of water  so 
that  the mois ture  content  in the oil should be reduced to 
m in im um  before saponif icat ion occurs. Wi th  0 .05% caustic 
soda and 0 .15% glycerine, the in teres ter i f icat ion react ion of 
6 0 - 8 0  ppm mois ture  contained refined pahn oil, lard, or mix- 
tures  was subs tant ia l ly  completed wi th in  4 min  a t  100 C. 
The keeping qual i ty  and taste of the products  were found  at 
the same level as tha t  of noninteres ter i f ied  oil and  fa t  products.  
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H I G H  Q U A L I T Y  FOOD P R O D U C T S  F R O M  B E E F  T A L L O W  
BY A T W O - S T E P  S O L Y E N T  F R A C T I O N A T I O N  P R O C E S S .  
FRANCIS E, LUDDY, JAMES W. HAi~PSON, and RO~ffALD E. 
KOOS, Eas te rn  Regiona l  Research Center, USDA,  600 E. 
Mermaid  Lane,  Phi ladelphia ,  P A  19118. 

We have improved the labora tory  solvent  f rac t ionat ion  process 
in which three products  are obtained from beef ta l low:  a solid 
fraction,  a confectionery fat, and a "beef  oil." The previous ly  
described four-step process was reduced to two steps wi th  a 
s imul taneous  reduct ion in  the process t ime requi rement  and 
the solvent-to-fat ratio.  The new rap id  process allows frac- 
t ionat ion  of 2 -4  k i lograms  of beef fa t  in the laboratory in  one 
work ing  day, since total  crystal l izat ion t ime for  both steps is 
less than  3 hr. The yield of the confectionery fa t  f rac t ion  

184A J. A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L .  56 )  



was  4 0 %  h igher  by the  r ap id  method t h a n  by the  four-s tep 
procedure .  Al though the  mel t ing  cha rac te r i s t i c s  of th i s  f rac-  
t ion by dif ferent ia l  s c a n n i n g  ca lo r ime t ry  ( D S C )  w e r e  b r oade r  
than  those of cocoa but ter ,  chocolate coa t ings  made  wi th  the  
fa t  were  acceptable for  gloss, f lavor,  snap ,  sh r inkage ,  and  bloom 
res is tance .  The  AOM stabi l i ty  of beef  oil f r o m  the process  
was  unusua l ly  high wi th  a value  of 70 hr .  The  s a m e  oil 
wi th  0 . 0 2 %  of a commerc ia l  a n t i o x i d a n t  app roached  500 h r  
for AOM stabil i ty.  I n  one v a r i a t i o n  of the process ,  the  costly 
fi l tration s teps  were  e l iminated,  yet the f r ac t i ons  p roduced  
were  of acceptable quali ty.  
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O P E R A T I O N  OF H . L . S .  P L A N T  :FOR F R A C T I O N A T r N G  
P A L M  O I L  B Y  T R A N S E S T E R I F I C A T I O N .  H . L , S .  STAFF, 
H .L .S .  Ltd.,  I n d u s t r i a l  E n g i n e e r i n g  Company,  P O  Box  193, 
l ' e t ah  TiAra ,  I s rae l .  

H . L . S .  has  buil t  a new pa lm oil f r a c t i o n a t i n g  by t r ans -  
es ter i f icat ion p lan t  in  Ei la th  ( I s r a e l )  w i t h  a capac i ty  of 50 
t o n s / d a y  pahn  oil. Desc r ip t ion  of the new p lan t  wi th  photos  
and  slides will be presen ted .  The pr inc ip le  of the  n e w  tech- 
nology is to proceed to a n e w  and  more  r egu l a r  d i s t r ibu t ion  
of the f a t ty  acids  in the  t r ig lycer ides  rep lac ing ,  on the  one 
hand,  in a cer ta in  por t ion  of palm oil the  u n s a t u r a t e d  acid  
rad ica l s  by s a t u r a t e d  ones in the mona- or  d i s a tu r a t ed  t r ig lye-  
er ides  and ,  on the o ther  hand ,  rep lac ing  in an  equal por t ion  
of the  palm oil the  s a t u r a t e d  acid  rad ica l s  by u n s a t u r a t e d  
ones in the nmno- or  d i u n s a t u r a t e d  t r ig lycer ides  ob t a in ing  
mostly t r iunsa~ura ted  t r ig lycer ides .  We  obta in  a solid f r ac t ion  
(whi te  color) in the  ra t io  of 35 p. 100 wi th  an  iodine va lue  
of 5 and  a mel t ing  point  of 62 -63  C. Th i s  f r ac t ion  con ta ins  
over  90 p. 100 pa lmi t ine .  The  l iquid f r ac t ion  in the  ra t io  
of 65 p. 100 has  an  iodine va lue  of about  80 and  does no t  
conta in  t r ans i somers .  The chilled s tabi l i ty  is u n d e r  8 C ( the 
oil is kep t  at 8 C for  at least  72 h r  and  r e m a i n s  c lea r ) .  Com- 
posit ion of fa t ty  acids  in the  l iquid f rac t ion  is as  fol lows:  
palmit ic  acid, C16 /0 ,  12.7 p a r t s ;  oleic acid, C 1 8 / 1 ,  66.2 p a r t s ;  
s t ea r i c  acid, C 1 8 / 0 ,  6.4 p a r t s ;  linoleie acid, 0 1 8 / 2 ,  13.7 pa r t s .  
The  new sys tem r ep re sen t s  a new t r e n d  in the  f r a c t i o n a t i n g  
sys tems  of pa lm oil. 
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H Y D R O G E N  P R O D U C T I O N  B Y  A U T O M A T I O N .  RONALD G. 
MINET, K T I  Corpora t ion ,  201 S. L a k e  Ave.  Su i t e  713,  
P a s a d e n a .  CA 91101.  

H y d r o g e n  can  be p roduced  f rom na tu ra l  gas ,  L P G ,  or 
nap tha  i n t e r changeab ly  in a completely a u t o m a t e d  faci l i ty  con- 
trolled ent i re ly  by the  hyd rogena t ion  demand .  Based  on proven ,  
fully developed design,  a complete h y d r o g e n  p lan t  can be de- 
l ivered on t r u c k  t r anspo r t ab l e  skids,  completely p rep iped  for  
insta l la t ion and  ini t ia l  opera t ion  wi th in  300 h r  a f t e r  del ivery.  
The sys tem del ivers  20,000 to 60,000 s t a n d a r d  cubic feet of 
hydrogen  per  hour  at 200 ps ig  and  9 9 . 9 9 %  p u r i t y  wi th  a feed 
and  fuel consumpt ion  of 400 B T U  per  s t a n d a r d  cubic foot 
of hydrogen .  Compute r  control  pe rmi t s  ou tpu t  to be va r i ed  f r o m  
1 0 - 1 0 0 %  in 2 rain w i thou t  sacrif ice of efficiency. The  p l an t  
can be au tmuat ica l ly  s t a r t ed  up and  s h u t  down by remote  
control. The  pape r  descr ibes  the technical  detai ls  of the  p lan t  
and i ts  i n t eg ra t i on  into a typical  vegetable  oil p roces s ing  faci l i ty .  
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M I L D  B A S E  A N D  A C I D  S T A B L E  P H O S P H O L I P I D S  F R O M  
C H I C K E N  EGG Y O L K .  UN HOI Do and  S. RAMACl~ANDRAN, 
Applied Science  Labora to r ies ,  Inc . ,  P O  Box 440, Sta te  College, 
PA 16801. 

Chicken egg yolk phospbol ipids  were  subjec ted  to mild base  
and  acid  hydrolysis ,  and  r e m a i n i n g  phosphol ipids  w e r e  char-  
ac ter ized by chemical  and  enzymat ic  methods  a f t e r  r epea ted  
sil ica gel column ch roma tog raphy .  Two m a j o r  lipids, 1-alkyl 
g lycerophosphory le thano lamine  (alkyl  G P E )  and  sphingomyel in ,  
and  one m i n o r  lipid, 1-alkyl g lycerophosphorylchol ine  (a lkyl  
G P C )  were  identified.  Alkyl  G P E  and  alkyl G P C  were  con- 
ve r ted  to the co r r e spond ing  aikyl diacetylglycerols  by LiA1HI 
reduc t ion  followed by acetylat ion,  and  the  r e su l t i ng  alkyI di- 
aeetylglycerols  were  analy~ed by gas  l iquid c h r o m a t o g r a p h y  on 
3 %  Si la r  10C and  3 %  SE 30. Major  alkyl g r o u p s  in both 
ether  phosphol ipids  were  hexadecyl  ( 1 6 : 0 ) ,  octadecyl ( 1 8 : 0 ) ,  
and  9-octadecenyl ( 1 8 : 1 )  groups ,  and  mino r  ones were  
heptadecyl  ( 1 7 : 0 )  and  eicosanyl  ( 2 0 : 0 )  g roups .  Sphingo-  
myelin was  hydrolyzed by the  act ion of phosphel ipase  C f r o m  
Clostridi~*m perlr~ngens. The  re su l t ing  ce ramides  w e r e  s e p a r a t e d  
into ce ramides  ( 9 9 % )  con t a in ing  nonhyd roxy  fa t ty  ac ids  and  
ee ramides  ( 1 % )  c o n t a i n i n g  a -hydroxy  fa t ty  acids.  F a t t y  ac ids  
and  long cha in  bases  of ce ramides  were  analyzed by g a s  chro- 
m a t o g r a p h y  and  th in  layer  ch roma tog raphy .  F a t t y  ac ids  de r ived  
f rom ce ramides  con t a in ing  nonhydroxy  f a t t y  ac ids  were  pre- 
dominan t ly  pa lmi t ic  acid  ( ~ 9 0 % )  and  small  amoun t s  of 
myr is t ic ,  s tear ic ,  a rach id ic ,  behenic,  l ignoceric ,  nervonic ,  and  
other  m i n o r  monoenoic  acids.  F a t t y  acids  de r ived  f r o m  
ce ramides  con t a in ing  hyd roxy  fa t ty  acids  were  p r e d o m i n a n t l y  
a -hydroxye icosanoic  acid  ( ~ 9 8 % )  and  small  amoun t s  of a-  
hydroxypalmi t ic ,  a -hydroxybehenic ,  and  ~z-hydroxystearic acids .  
L o n g  cha in  bases  of e e r a m i d e s  consis ted of sph ingos ine  ( 9 7 % )  
and  d ihyd rosph ingos ine  ( 3 % ) .  
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Q U A N T I T A T I O N  01~ C H O L E S T E R O L  ~ - O X I D E  I N  E G G S  
BY GAS C H R O M A T O G R A P H Y  A N D  H I G H  P E R F O P ~ M A N C E  
L I Q U I D  C H R O M A T O G R A P H Y .  L .S .  TSAI, C.A. HUDSON, 
K. IJIC~rI,  a n d  J . J .  :MB~HAN, U S D A ,  Albany,  CAL. 

Cholesterol,  an  i n t r i n s i c  p a r t  of the  bas ic  h u m a n  diet,  is  
p resen t  in  eggs,  red  meats ,  shellfish, o r g a n  t issues,  milk, a n d  
poul try.  I n  solution, colloidal suspens ion ,  or crys ta l l ine  form,  
cholesterol read i ly  autoxidizes .  I t  is recognized  tha t  in i t ia l  
au tox ida t ion  , p r o d u c t s  a re  hydroperoxides ,  bu t  m a n y  seconda ry  
p roduc t s  have  been isolated a n d  identif ied.  A m o n g  them, 
cholesterol cx-oxide, (5a,6c~-epoxycholestan-3B-ol) has  rece ived  
m u c h  a t ten t ion  due to i ts  potent ia l  physiological  effects in  
ca rc inogenes i s  and  a therogenes i s .  H o w e v e r ,  the n a t u r a l  p resence  
of this  compound  in  food sys tems  has  not  been thoroughly  ex- 
amined .  The  method  descr ibed  he re  al lows the  d i rec t  quan t i t a -  
l ion of f ree  cholesterol a-oxide in  fou r  s teps wi th  n e a r  theoret ical  
r ecovery  and  in a re la t ively  shor t  t ime. Al though it  w a s  
developed u s i n g  d r i ed  eggs,  the p rocedure  should be readi ly  
adaptab le  to o ther  food and  biological sys tems.  The method 
involves  the  ex t rac t ion  of d r ied  eggs  wi th  chloroform-methanol  

( 2 : 1 ,  v / v )  to recover  the  total l ip ids ;  e n r i c h m e n t  of the  cho- 
lesterol c~-oxide f rac t ion  wi th  a 1-g silicic acid  column in a 
5 ml disposable p ipe t ;  and  quan t i t a t i on  of cholesterol oxides, 
both c~- and  d-isomers,  by gas  l iquid c h r o m a t o g r a p h y  ( G L C ) .  
Those samples  which  showed posi t ive  oxide content  were  f u r t h e r  
analyzed by high p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  ( H P L C ) .  
Al though G L C  is about  100-fold more  sensi t ive.  H P L C  is the  
only technique  which  can resolve the i somers  of cholesterol 
oxide direct ly.  Saponi f ica t ion  was  not used in the  method  be- 
cause  only about  2 5 %  of the cholesterol o~-oxide could be re- 
covered a f t e r  this  t r ea tmen t .  W h e n  chlorofornl-methanoI  ( 1 : 1 ,  
v / v ) ,  or acetone, was  used  as solvent  for  G L C  inject ion,  re- 
covery  w a s  reduced  to 4 0 %  of the recovery  found  us ing  
chloroform ( c o n t a i n i n g  ] : %  ethanol  as s tabi l izer) ,  or  te t rahy-  
d r o f u r a n  solvent.  
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D I E T A R Y  E G G S  A N D  C H A N G E S  I N  P L A S M A ,  L I V E R ,  ~ N D  
B ~ A I N  L I P I D S ~  SUSAN BONY, CAROLE SUBRAMANIA~q, JA~IES 
F. MEAD, and  GOYIND A. DHOPESHWARKAR, L a b o r a t o r y  of 
Nuc lea r  Medicine  and  R a d i a t i o n  Biology, U n i v e r s i t y  of Califor- 
nia,  900 V e t e r a n  Ave.,  Los Angeles,  CA 90024.  

E g g s  a re  considered a good source  of m a n y  essent ia l  n u t r i e n t s  
such as prote ins ,  fa ts ,  ce r ta in  minera l s ,  and  v i t a m i n s .  They 
conta in  wi th in  thei r  shell all the neces sa ry  n u t r i e n t s  fox" the 
deve lopment  of embryon ic  life. H o w e v e r ,  egg l ipids conta in  
re la t ively  la rge  a m o u n t s  of cholesterol and  i ts  role in  heal th 
and  disease  is be ing  debated.  Th i s  work  was  u n d e r t a k e n  to 
compare  the  effects of f eed ing  a r e gu l a r  lab chow diet  and  
feed ing  a diet  composed of cooked whole eggs  as a sole source  
of nu t r i t i on  to p r e g n a n t  female  ra ts .  T i s sue  ana lys i s  of both 
the mother  r a t s  and  g r o w i n g  pups  showed m a j o r  differences .  
I n  the adul t  female  r a t s  a t  the  end of 60 days  on the  egg  
diet there  w a s :  ( a )  only a s l ight  e levat ion in  p l a sma  cho- 
lesterol ester  level, (b) a threefold inc rease  in l iver  total l ipids,  
the bulk  of i t  in the  f o r m  of elevated t r ig lycer ides  and  a h igh ly  
s ign i f ican t  pe rcen t  inc rease  in cholesterol ester  levels. I n  the  
g r o w i n g  pops,  obvious s igns  of probable mul t ip le  deficiencies 
were  seen. Mor ta l i ty  ra tes  were  v e r y  h igh  and  one of the mos t  
s t r i k i n g  f ea tu r e s  of the analy t ica l  da ta  was  a fivefold inc rease  
in b r a i n  cholesterol es ters  in the  12-day-old p u p s ;  normal  
b r a in  l ipids at  this  age  a re  genera l ly  devoid of cholesterol 
esters.  The resul t s  will be d iscussed  wi th  respect  to f a t ty  l ivers  
in the adul t  female  r a t s  and  the  occur rence  of cholesterol 
es ters  in the b r a i n s  of g r o w i n g  pups .  
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C H O L E S T E R O L  A N D  C H O L E S T E R O L  E S T E R S  O F  E G G S  
F R O M  V A R I O U S  A V I A N  S P E C I E S ,  JOEI~ BITMAN and  D.L.  
WOOD, N u t r i e n t  Ut i l iza t ion Labora to ry ,  Bldg.  309, Rm.  211, 
Beltsvi l le  A gr i cu l t u r a l  Resea rch  Center,  U S D A ,  Beltsville,  M:D 
20705.  

There  is little i n f o r m a t i o n  on the a m o u n t  or composi t ion of 
the cholesterol es ters  of egg yolk. I n  chicken eggs,  es t imates  
of the pe rcen tage  of cholesterol es te rs  have  r a n g e d  f r o m  0 
to 1 5 % .  Data  on cholesterol or  cholesterol es te rs  in eggs  of 
other  a v i a n  species a re  a lmost  nonexis tent .  W e  h a v e  developed 
a method  to analyze the cholesterol and  cholesterol es ters  of 
egg  yolk by gas  l iquid chronaa tography  ( G L C ) .  Af t e r  the 
cholesterol ester  f r ac t ion  was  isolated by c h r o m a t o g r a p h y  on a 
s iSca  gel (Hi-Flos i l )  column, i nd iv idua l  es ters  were  quant i ta -  
t ively sepa ra t ed  and de te rmined  by G L C  on glass  columns 
packed  wi th  S P  2340.  The  cholesterol conten t  a n d  the  n a t u r e  
of the  cholesterol es te rs  in eggs  f rmn  14 v a r i n u s  species  of 
b i rds  were  de te rmined .  They  were  classified acco rd ing  to feed- 
ing  habi ts  as fol lows:  (a )  domest ic  fowl ea t ing  g r a i n  and  p lan t  
mate r ia l s  : Whi t e  L e g h o r n  chicken,  Si lver-penci led P lymouth  
Rock  chicken,  tu rkey ,  J a p a n e s e  quai l ;  (b) wi ld  p lan t -ea t ing  
b i r d s :  r ing-necked  dove, grackle ,  peacock;  (c)  wi ld  b i rds  ea t i ng  
aqua t i c  plants  and  a n i m a l s :  ma l l a rd  duck,  black duck ;  (d) 
wild aqua t i c  c a r n i v o r o u s  b i r d s :  l a u g h i n g  gull, b r o w n  pelican,  
g r e a t  black-booked gull, b lack-crowned n ight  he ron ;  (e l  wi ld  
m a m m a l - e a t i n g  b i r d s :  b a r n  owl. Al though egg  size v a r i e d  f rom 
7 to 121 g r a m s ,  total cholesterol conten t  r a n g e d  only f rom 
12 to 25 m g  pe r  g r a m  yolk. The  cholesterol p r e sen t  as es ter  
r a n g e d  f r o m  1 to 2 6 %  in the 14 species s tudied.  Most  of the  
cholesterol p re sen t  as ester  was  esterif ied to 1 8 : 1  or 1 8 : 2  f a t ty  
acids.  Ana lys i s  of yolk lipid ind ica ted  tha t  the  f a t ty  acids  
consis ted main ly  of 16- and  18-carbon acids.  The  p r e d o m i n a n t  
o rder  of concent ra t ion  in all species w a s  1 8 : 1  > 1 6 : 0  ~> 18 :2 .  
The re  was  no cons is tent  pa t t e rn  in e i ther  cholesterol content ,  
cholesterol es ter  composi t ion,  or  yolk f a t ty  ac ids  t h a t  would  
d i s t ingu i sh  one b i rd  species  wi th  p a r t i c u l a r  f eed ing  habi ts  
f rom another .  
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U P T A K E  A N D  D I S T R I B U T I O N  OF  c/s- A N D  t rans-12-OCTA- 
D E C E N O I C  A C I D S  I N  H U M A N  B L O O D  L I P I D S .  E.A. 
EMKEN, H . J ,  DUTTON, W.K. ROHWEDDER, HENRY RAKOFF, 
R.O. ADLOIS, Nor the rn  Reg iona l  Resea rch  Center ,  U S D A ,  1815 
N. Unive r s i ty ,  Peor ia ,  I L  61604 ;  R.M. GULLEY, St. F r a n c i s  
Hospi ta l -Med Cen te r ;  and  J . J .  CANARY, George town Unive r s i ty ,  
W a s h i n g t o n ,  DC. 

Tr ig lycer ides  of d e u t e r i u m  labeled cis- a n d  trans-octadecenoic 
acid (12c -18 :1  and  1 2 t - 1 8 : 1 )  and  cis-9-octadecenoic acid (9c- 
1 8 : 1 )  were  fed to two y o u n g  adul t  male  subjects .  These  fa t ty  
i somers  each conta ined  a di f ferent  n u m b e r  of d e u t e r i u m  labels, 
which allowed m a s s  spec t romet r i c  ana lys i s  to d i s t i ngu i sh  be- 
tween  them when  they were  fed as  a mix tu re .  T h i s  approach  
resul ts  in a d i rec t  compar i son  of the  absorp t ion  and  d i s t r ibu t ion  
of these three  monoenoic  ac ids  into blood p lasma,  red  blood 
cells, platelet and  l ipoprotein  lipids. Resu l t s  f r o m  p la sma  lipid 
da ta  ind ica ted  tha t  all phospbol ipid f r ac t i ons  selectively incor- 
pora ted  12c-18:1  in  p re fe rence  to 9c -18 :1 .  I n  compar i son ,  
12 t -18 :1  w a s  p re fe ren t i a l ly  i nco rpora t ed  into only the phos- 
pha t idy l  choline and  sph ingomyel in  f rac t ions .  D i s c r i m i n a t i o n  
a g a i n s t  12c-18:1  a n d  12 t -18 :1  compared  to 9c -18 :1  w a s  found  
in the p lasma  neu t r a l  lipids, wi th  a s t rong  d i s c r imina t i on  
a g a i n s t  12 t -18 :1  incorpora t ion  into the  cholesteryl es ter  f rac t ion .  
Low levels of deu te ra ted  f a t t y  ac ids  were  found  in the  red  blood 
cell and  platelet  l ipids,  bu t  select ivi ty  va lues  were  s im i l a r  to the  
p lasma  lipid values.  Chylomicron da ta  ind ica ted  tha t  all i somers  
were  well absorbed.  Y a r i a t i o n  in the  re la t ive  d i s t r ibu t ion  of 
12c-18:1,  12t -18:1 ,  and  9e-18:1  between the v e r y  low density,  
]ow densi ty ,  and  h igh  dens i ty  l ipoprotein  l ipids w a s  found.  

J .  A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L .  5 6 )  185A 



Apparen t ly  fatLy acid up t ake  and t u r n o v e r  in the v a r i o u s  lipo 
prote ins  a re  regula ted  by d i f ferent  fac tors .  
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D E S A T U R A T I O N  OF  I S O M E R I C  t r a n s - O C T A D E C E N O I C  
A C I D S  BY R A T  L I V E R  M t C I ~ O S O M E S .  M.M. MAH~'OUZ and  
R.T.  I-IOL-MAN, The Horme]  Ins t i tu te ,  Un ive r s i t y  of Minnesota ,  
801 16th Ave. NE, Aust in ,  MN 55912.  

D e s a t u r a t i o n  of twelve labeled posi t ional  i somers  of trans 1 8 : 1  
acids  was  inves t iga t ed  by u s ing  l iver  mic rosmnal  enzyme of 
essent ia l  fa t ty  acid deficient  ra ts .  The  a s say  sys tem used 
de sa tu r a t i on  of oleic acid  as model for  compar i son .  The  effects 
of concen t ra t ion  of mic rosomal  protein,  subs t ra te ,  cofactors,  
and  of t ime and  t e m p e r a t u r e  upon the  specific ac t iv i ty  of the  
et~zyme react ion were  stud~ed to develop an a s say  system. Each  
posit ional i somer  de sa tu ra t ed  at  a un ique  rate .  Some i somers  
gave  most ly  cis-trans 18 :2  (t.Xo, tZxJ). Others  g a v e  cls-cis 1 8 : 2  
(tA 5) and stone gave  a m i x t u r e  (tA 4, tZ xl, At tz, and  tZa~). Some 
of these i smuers  were  not  m e a s u r a b l y  d e s a t u r a t e d  (tZ s, tA ~, and  
tA'5).  The  p roduc t s  f rom each i somer  were  charac te r ized  by 
A g N e s  thin layer  c h r m u a t o g r a p h y  and  by gas  c h r o m a t o g r a p h y .  
Tbe posi t ions  of the double bonds in the newly  fo rmed  labeled 
compounds  were  de te rmined  by fol lowing the pa r t i a l  r educ t ion  
wi th  hyd raz ine  h y d r a t e  for  the labeled f ree  acids,  and  by re- 
duc t ive  ozonolysis of the par t ia l ly  reduced  methyl  esters .  The  
cha in  lengths  of the labeled aldehyde esters  which de te rmine  the  
posi t ions of double bonds were  ident if ied by g a s  c h r m n a t o g r a p h y  
us ing  cold m a r k e r s  of a ldehyde esters  r a n g i n g  f r o m  Cs to C17. 

82  
E F F E C T  OF  A U T O X I D I Z E D  O I L  ON C A R P .  KAZlYHIKO 
HA'rA and  TAKASHI K.~.'~gDA, Facu l ty  of Agr icu l lu re ,  Tohoku  
Unive r s i ty ,  1-1 Amamiyamachi-Tsutsunl idor i ,  Sendal ,  J a p a n .  

I t  is k n o w n  that  at t toxidized oil shows  toxic effects in fish as  
well as in  other  an imals .  For  example,  ca rp  fed autoxid ized  oil 
revealed poor growth,  h igh  morta l i ty ,  and  cha rac te r i s t i c  m u s c u l a r  
dys t rophy  k n o w n  as " S e k o k e  d isease ."  B u t  it has  not  been 
clarified w h a t  the m a i n  toxic subs tance  in autoxidized oil is, 
s ince p r ev ious  worke r s  used oxidized oil which had  not been 
f rac t iona ted .  To s tudy  the effect of each autoxidized product .  
pure  methyl  l ine]eats  bydroperox ide  ( } I F )  and  secondary  oxidized 
products  p roduced  f rom H P ( S P )  were  p r e p a r e d  and  fed to 
ca rp  for 120 days.  The resul t s  indica te  tha t  both subs tances  
induced  m u s c u l a r  dys t rophy ,  poor growth ,  and  inac t iva t ion  of 
an  enzyme,  succ ina te  dehydrogenase .  S P  w a s  found  to be s l ight ly  
more  toxic than  H P .  I n  the g roup  fed l I P .  earbonyt  com- 
pounds  inc reased  in both adipose t i ssue  and  intest ine.  No 
accumula t ion  of peroxide  was  observed in hepa topanc rea s  or  
other  o rgans .  These resul t s  m a y  ind ica te  tha t  absorbed H P  
was  conver ted  to earbonyl  compounds  in in tes t ine .  To e luc ida te  
this  problem, ca rp  admin i s t e r ed  H P  were  killed a f t e r  3 or  fi 
hr ,  and  the a n m u n t s  of P O V  and COV of l ipids ex t rac ted  f rom 
intes t ine  and  other  o r g a n s  were  de te rmined .  Buffer  ex t r ac t  of 
in tes t ine  w a s  incuba ted  wi th  emulsif ied linoleie acid  hydro-  
peroxide in vitro,  then decomposed peroxide  and  p roduced  
carbonyl  compounds  were  measured .  I n h i b i t i v e  effects of E D T A  
or cyanide  were  also inves t iga ted .  Consequently,  it appea r s  tha t  
at  least a p a r t  of absorbed H P  in in tes t ine  w a s  conver ted  to 
carbonyl  compounds  immedia te ly ,  and  the reac t ion  was  catalyzed 
by u hea t  uns table  fac tor  o ther  t h a n  meta l  sal ts  or  h e m s  com- 
pounds  in intes t ine.  
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T H E  E F F E C T  O F  ] > Y R O P H O S P H A T E  O N  M I C R O S O M A L  
N A D P H - I N D U C E D  L I P I D  P E R O X I D A T I O N  A N D  C H E M -  
I L U M I N E S C E N C E .  SA.~Dr~A L. GUTHANS, RICHARD H.  STEEL:~, 
and WILLIAJ[ ~I, BAI~ICOS, D e p a r t m e n t  of Biochemis t ry ,  T u l a n e  
Unive r s i ty ,  School of Medicine,  1430 Tu lane  Ave. ,  New Or leans ,  
LA 70112.  

h r A D P H - i n d u c e d  r a t  l iver mic rosomal  l ipid perox ida t ien ,  as 
m e a s u r e d  by the th ioba rb i tu r i c  acid  ( T B A )  assay,  h a s  been 
shown by severa l  w o r k e r s  to closely corre la te  wi th  the produc-  
t ion of chemi luminescence  ( H o w e s  a n d  Steele, Res.  C om m un .  
Chem. Path .  PharmacoL  2 : 6 1 9  [ 1 9 7 1 ] ;  and  W r i g h t  e t a h ,  Fed.  
Prec .  [Abs t r . ]  37 :7f i7  [ 1 9 7 8 ] ) .  Howeve r ,  we  h a v e  descr ibed  
u KCN- induced  mic rosomal  chemi luminescence  tha t  proceeds  in  
the complete absence of T B A  as say  measu rab l e  l ipid perox ida t ion  
( G u t h a n s  et al., Fed. Prec .  [Abs t r . ]  3 7 : 1 7 2 2  [ 1 9 7 8 ] ) .  Such 
chemi luminescence  d i sp lays  only in  the  p resence  of pyrophos-  
phate,  N A D P H ,  and  a s u g a r  or  s u g a r  de r iva t ive ,  p r inc ipa l ly  
hexose-6-phosphates.  Hochs t e in  and  E r n s t e r  (Biochem.  Biophys .  
lges. Commun .  1 2 : 3 8 8  [ 1 9 6 3 ] )  r epor ted  tha t  low levels of pyre-  
phospha te  s t imula ted ,  whi le  h igh  levels inhibi ted ,  lipid peroxida-  
tion. W e  find tha t  iu  the absence of KCN,  N A D P H - i n d u c e d  
microsomal  chemi luminescence  and  l ipid perox ida t ion  a re  in- 
versely  p ropor t iona l  to the py rophospha te  concen t ra t ion  in  t im 
r a n g e  0 .05 -3  raM. P y r o p h o s p h a t e  concen t ra t ions  g r ea t e r  than  
9 mM completely block both l ipid perox ida t ion  and  chemi lumin-  
escence in  these sys tems .  The  addi t ion  of K C N  (15  raM) to 
such incuba t ions  resu l t s  in a slow b u t  s t eady  bu i ldup  of 
chemi luminescence  which  is d i rect ly  p ropor t iona l  to the  pyre-  
phosphate  concent ra t ion  in  the  r a n g e  5 - 4 0  m:M. Such sys tems  
a re  n e g a t i v e  for  T B A  reac t ive  peroxides .  W h e n  K C N  is added  
at  the b e g i n n i n g  of the  incubat ion ,  the  total chemi luminescence  
produced  increases  l inear ly  wi th  i n c r e a s i n g  pyrophospha te  con- 
cen t ra t ion  between 0.5 and  40 mM wi thou t  the  accumula t ion  
of T B A  reac t ive  mater ia l .  (Th i s  w o r k  w a s  suppor ted  in pa r t  
by a g r a n t  f rom Ethyl  Corpora t ion  and  by Pha rmaco log i ca l  
Sciences  t r a i n i n g  g r a n t  5T32GM07177 ,  N I H  Bio.  Med. Res .  
Suppor t  g r a n t  5507 RR05377-16 . )  
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A B S O R P T I O N  O F  M E T H Y L  LI~NOLEATE H Y D R O P E R -  
O X I D E S  I N  R A T S .  Kr :NICHt  NAKATSUGAWA and TAKAStII 
KANEDA, Facu l ty  of Agr icu l tu re ,  Tohoku  Un ive r s i ty ,  1-1 
A m a m i y a m a c h i - T s u t s u m i d o r i ,  Sendal ,  J a p a n .  

I n  1953 we repor ted  the  toxic n a t u r e  of hydroperox ides  
formed d u r i n g  the au tox ida t ion  of u n s a t u r a t e d  fa t ty  acids.  Al- 
though m a n y  w o r k e r s  have  s tud ied  the  toxici ty  of autoxidized 
oils, i t  is still not  c lear  whe ther  f a t ty  ac id  peroxides  a re  ab- 
sorbed di rect ly  f rom the in tes t inal  wall. An a t t empt  has  been 
m a d e  in the p re sen t  s tndy  to c la r i fy  the  absorp t ion  m e c h a n i s m  
of hydroperoxides .  R a t s  w e r e  fas ted  for  24 h r  a f te r  anes thes ia  
wi th  Nembutal ,  and  the in tes t ine  w a s  t aken  by ven t ra l  middle  
incision,  and  the uppe r  ha l f  of small  in tes t ine  w a s  figured.  

Methyl  linoleate hydroperox ides  were  emulsif ied u s i n g  sodium 
chelate  and  in jected into the [ igated intest ine.  T h i r t y  m i n u t e s  
later,  the l igated in tes t ine  was  excised and  washed  wi th  0 .9~)  
NaCI, then the l ipids were  ex t rac ted  wi th  C H C l a / C H s O H  ( 2 : 1 ) .  
The ex t rac t s  were  inves t iga ted  by h igh  p e r f o r m a n c e  liquid 
c h r oma tog r aphy .  I t  was  noticed tha t  in tac t  methyl  l inoleate 
hydroperox ides  were  recognized in the extracts ,  and  some of 
them were  incorpora ted  into t r ig lycer ides  and phospholipids .  I n  
the  next  exper iment ,  lymph was  collected f rom the in tes t inal  
lymphat ie  a f t e r  2 h r  oral  a d m i n i s t r a t i o n  of methyl  linoleate 
hydroperoxides ,  and  l ipids were  ex t rac ted  witli C H C h # C H a O I t  
( 2 : 1 ) .  The ex t rac t s  of lymph were  analyzed as descr ibed  in 
the  first exper iment .  The resul t s  showed the spectral  ev idence  
of diene con juga t ion  in the  lymph of r a t s  admin i s t e r ed  hydro-  
peroxide.  Three  peaks  w e r e  not iced a t  the  same  re ten t ion  t ime  
as methyl  l inoleate bydroperoxides .  These  resut ts  ind ica te  t h a t  
some u n c b a n g e d  methyl  linoleate hydroperox ide  could t)e absorbed 
f rom the in tes t ina l  wall. I n  o ther  exper iments ,  U-l~C-methyl 
linoleate hydroperox ides  w e r e  also admin i s te red ,  and  the l ipids 
obtained frmn small  in tes t ine  were  analyzed by  th in  layer  
ch r oma tog r a phy .  I t  was  not iced a g a i n  tha t  U-~C-hydroperoxides  
were  found  in t r i g tyee r ide  and  phosphol ipid  f r ac t ions  of in- 
tes t inal  l ipids.  These  resul t s  ind ica te  tha t  some u n c h a n g e d  
hydroperox ides  could be absorbed into in tes t inal  wall  and  
t r a n s p o r t e d  to some o r g a n s  th rough  lymph.  
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E F F E C T  O F  G L U T A T H I O N E  P E R O X I D A S E  ON T H E  
A U T O X I D I Z E D  M E T I I Y L  L I N O L E A T E .  HI~ONORI NnClSHL 
K~XSHIRO FUJIMOTO, and  TAKASHI KANEDA, Facu l t y  of Agr i -  
culture,  Tohoku  Unive r s i ty ,  1-1 A m a m i y a m a e h i  T su t sumido r i ,  
Sendal ,  J a p a n .  

I t  is k n o w n  tha t  the  f eed ing  of au toxid ized  u n s a t u r a t e d  oils 
ser ious ly  d a m a g e s  an imals ,  and  we repor ted  tha t  the  decomposed 
products  of hydroperox ides  such as hydrope roxya lkena I  conta in-  
ing  5 to 9 carbon  a toms showed m a r k e d  toxici ty  to ra t s .  On 
the other  hand ,  g lu ta th ione  perox idase  (GSI- ipx)  a p p e a r s  to he 
an  i m p o r t a n t  f ac to r  in control l ing endogenous  f o r m a t i o n  of 
peroxides  in cell me mbr anes .  To elucidate  ~he pro tec t ive  
m e c h a n i s m s  of o r g a n i s m s  f rom exogenous  peroxides ,  the  effect 
of G S H p x  on the v a r i o u s  autoxid ized  p roduc t s  of methyl  l inoteate 
was  inves t iga ted .  Methyl  l inoleate ( M L )  was  au toxid ized  at  
60 -4- 1 C by bubbl ing  oxygen  into the  ester.  P o r t i o n s  of the  
es ter  were  w i t h d r a w n  at  the  s tage  of the  m a x i m u m  of P O V  
(hydroperox ide  r ich  ester,  A O M L - 1)  and  the  decreas in~  s t age  
of P O V  ( seconda ry  oxidized p roduc t s  r ich ester,  A O M L - 2 ) .  
F u r t h e r ,  A O M L . 2  was  f r ac t iona ted  into volati le f rac t ion ,  f a t t y  
acid methyl  ester  f rac t ion ,  and  d imer  f r ac t ion  by molecular  
dist i l lat ion.  These oils were  incuba ted  in  v i t ro  wi th  the G S H p x  
p r e p a r e d  f rom d iges t ive  t r ac t s  and  l iver  of mice,  and  the  
inh ib i t ion  of G S H p x  by D~ese oils w a s  est irnated.  Moreover ,  
AOML-1  and  AOML-2  were  orally a dmin i s t e r ed  to the  mice, 
and  the effects of these compounds  on the G S H p x  ac t iv i t ies  of 
mice o r g a n s  were  inves t iga ted .  By  the  incuba t ion  of G S H p x  
wi th  autoxidized M L  in vi tro,  G S H p x  w a s  r e m a r k a b l y  in- 
ac t iva ted  by  AOML-1  and  the  inh ib i t ion  of AOML-2 w a s  in- 
f e r io r  to that  of ML hydroperoxides .  T h a t  is, the corre la t ion 
be tween  the  acute  toxici ty  and  the  inh ib i t ion  r a t e  of G S H p x  
with  autoxidized oil w a s  no t  observed.  G S H p x  catabolized all 
peroxides  well, and  the  subs t r a t e  specif ici ty was  no t  recognized.  
W h e n  mice were  a dmin i s t e r ed  oxidized oil for  16 days  u n d e r  
the  tow v i t a m i n  E level, G S H p x  ac t iv i ty  levels of in t e rna l  o r g a n s  
showed a considerable  increase ,  and  AOML-2 induced  the 
G S H p x  ac t iv i ty  more  t h a n  AOML-1.  I n  spite of the  m a r k e d  
toxic i ty  of secondary  oxidized products ,  the  inh ib i t ion  of G S H p x  
ac t iv i ty  depends  m a i n l y  on hydroperoxides ,  so it  is bel ieved 
tha t  the toxici ty  of the  s econda ry  oxidized p roduc t s  is not  
o r ig ina t ed  by the  inh ib i t ion  of G S H p x  act iv i ty .  
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Sod ium borohydr ide  pur i f i ca t ion  e i ther  p r io r  to or  d u r i n g  
selected p rocess ing  or  m a n u f a c t u r i n g  opera t ions  resu l t s  in  
s ignif icant ly  lower  color in  the  final s u r f a c t a n t ,  soup, or  deter- 
gent.  Subsequen t  decolorizat ion t r e a t m e n t s  can be min imized  
or, in m a n y  cases, e l imina ted  a l together  or, a l te rnat ive ly ,  over-  
all p roduc t  qual i ty  improved  as  the  resu l t  of the  bo rohydr ide  
pur i f ica t ion .  Deta i led  appl ica t ions  of the  pur i f ica t ion  p rocedures  
and  r e su l t an t  benefi ts  ob ta ined  will be reviewed.  Color im- 
p r oveme n t s  of e thoxylates  and  propoxyla tes  by borohydr ide  pre- 
pur i f ica t ion  of the p a r e n t  ulcohols or by t r e a t m e n t  d u r i n g  the  
a lkoxyla t ion process will be compared  wi th  commonly  employed 
pos t t r e a tme n t  n~ethods such  as  ac t iva ted  carbon  or  peroxide  
techniques .  Reduc t ion  of oxidized impur i t i e s  in commerc ia l  
alcohols or polyols w i t h  low levels of sod ium borohydr ide  can 
also in :prove the r e su l t an t  color of sul futes  or esters .  I n  other  
processes  such as  saponif icat ion,  the  addi t ion  of bo rohydr ide  
wi th  the  present ly  employed a lkal ine  ca ta lys ts  can  m i n i m i z e  
color fo rma t ion  due to oxida t ion  or  condensa t ion  of oxidized 
impur i t i e s .  The  sod ium bora te  in t roduced  at the pa r t s  pe r  
million level as the resul t  of th is  pur i f ica t ion  p re sen t s  no 
prohlems in the final p roduc t  and  in m a n y  cases  is r emove d  in 
subsequen t  w a s h i n g  or f i l t rat ion opera t ions .  Since  min ima l  ad- 
d i t ional  e q u i p m e n t  is  needed  and. only low level of sod ium 
borohydr ide  is requi red ,  th is  pur i f ica t ion  is both p rac t i ca l  in  
a product ion  e n v i r o n m e n t  and  cost effective emnpa red  to 
a l t e rna t ive  methods .  

87 
M A S S  B A L A N C E  O F  F L U O R E S O E N T  B R I G H T E N I N G  
A G E N T S  I N  B U I L T  D E T E R G E N T S .  MASAKO HAYASH[, The  
Ochanomizu  Un ive r s i t y ,  Tokyo ;  YUKO UENO, B e p p u  College; 
MOTOKO KOMAKI, and  AKIItIKO YABE, The Ochanomizu  Uni -  
vers i ty ,  i 1, O t s u k a  2 Chome, Bunkyo-ku ,  Tokyo, 112, J a p a n .  

Mass  ba lance  of f luorescent  b r i g h t e n i n g  agen t s  ( F B A s )  p icked  
up  d u r i n g  the w a s h i n g  process  and  d ra ined  wi thou t  be ing  
uti l ized has  been de te rmined  quan t i t a t ive ly  under  d i f fe ren t  wash-  
i ng  condit ions,  i n c l u d i n g  d i f fe ren t  species  of F B A s  p rev ious ly  
appl ied  to the w a s h i n g  cloths. E x t r a c t i o n  by cellulose p o w d e r  
and  th in  layer  c h r o m a t o g r a p h y  sepa ra t ion  were  the  mos t  
effective analy t ica l  t echn iques  followed by U V  spec t ropho tomet ry  
and  f iuorometry .  I t  was  found  t h a t  as m u c h  as 5 0 %  of F B A s  
in  the  de te rgen ts  ( 0 . 1 - 0 . 3 %  on the  w e i g h t  of de te rgen t )  were  
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drained uselessly in waste suds. Quantitat ive estimation of the 
FBAs in r iver  waters  in connection with the ABS content 
will also be reported. 

88 
A STUDY OF M O I S T U R E  D I S T R I B U T I O N  IN  P O W D E R E D  
S Y N T H E T I C  D E T E R G E N T S  BY T H E R M O G R A V I M E T R Y .  
CLAUDE BENZ and  JOSEPH P.  SII~IKO, JR., Colgate-Palmolive 
Company, Research and Development Department,  909 River  
Rd., Piseataway, NJ 08854. 

Abstract  not available at press time. 

89 
P R O P E R T I E S  OF NEW ~-ALANINE TYPE A M P H O T E R I C  
SURFACTANTS CONTAINING H Y D R O X Y  GROUPS.  HISAO 
HIDAKA, Meisei University, Faculty of Science and Engineering,  
337, Hodokubo, Hino-shi, Tokyo, 191, Japan  ; MASAFUMI 
MORIYA, and MAKOrO TAKAI, Miyoshi Oil & Fat  Co. Ltd., Japan.  

The ~-alanine type amphoteric surfactants  containing one or 
two hydroxy groups, such as N-(2-hydroxyalkyl)-~-alanine ( I I a ) ,  
N,N-bis-(2-hydroxyalkyl)-fl-alanine ( I I b ) ,  N-(2-hydroxyalkyl)-N- 
(2-hydroxyethyl)-r ( I I I )  were prepared and their 
physical-chemical properties compared with N-alkyl-~-alanine ( I ) ,  
where the alkyl group represents a C~, C14, or C1~ chain. ( I I a )  
and ( I Ib )  were obtained by reaction of epoxyalkane with ~- 
alanine in alkaline aqueous ethanol solution (E tOH;  H20 
65:35 v / v % ) .  ( I I I )  was prepared by adding N-(2-hydroxy- 
alkyl)-ethanolamine to methyl acrylate and subsequent saponifica- 
tion. ( I I I ) -CI~ was highly soluble in water  and was soluble 
even at its isoelectric point (6.5 ~ 6.7), probably due to two 
hydroxy groups in the molecule. The surface areas were deter- 
mined by a monolayer method: ( I )  22.06 ~./molecule; ( I I a )  
25.82~ ( I I b )  50.11; ( I I I )  36.02 for the C12-derivatives. ( I I a )  
a n d  ( I I I )  had thermotropic liquid crystalline properties, while 
( I Ib )  did not have such properties. The C'MC value, surface 
tension, emulsion power, foaming power, Kraff t  point, a n d  
calcium ion tolerance, were also e x a m i n e d .  

9O 
F U N D A M E N T A L  S T U D I E S  OF T H E  P A R A M E T E R S  
G O V E R N I N G  O I L Y  SOIL  REMOVAL FROM S Y N T H E T I C  
SUBSTRATES.  K.W. DILLAg, E.D. GODDARD, and D.A. 
MCKENZIE, Union Carbide Corporation, Tarrytown,  NY 10591. 

Using a model detergency system, the parameters  governing 
the removal of oily soils from Mylar and /o r  Teflon substrates 
were examined in several built and unbuilt  nonionic and 
selected anionic formulations. The differences in removal times 
and mechanisms noted for the various soils have been related 
to the pertinent interfacial energies. The effects of surfactant  
concentration on roll-up and removal were examined for simple 
soils on Mylar substrates. At concentrations above the CMC, 
a linear relationship between log removal time and log con- 
centration was found with several surfactant  systems, suggest ing 
that oil roll-up and renmval are not controlled strictly by static 
boundary tension values. An attempt has been made to explain 
the linear relationship through consideration of such factors as :  
the dependence of the oi l /water  interracial tension on concen- 
tration and time, the degree of nonionic surfactant  sorption by 
the substrate, and the part i t ioning of the surfactant  between 
the oil and water  phases. The slopes of the log-leg plots were 
found to vary substantially among several surfactants,  and an 
attempt has been made to relate the slope to relevant surfactant  
properties, i.e., CMC, interracial tension lowering, and cloud 
point. The effects of temperature and other common detergency 
variables were also examined. 

91 
R E C E N T  D E V E L O P M E N T  IN  A L P H A  O L E F I N  SULFONATE 
TECHNOLOGY.  SADAO TOYODA, Lion Fat  & Oil Co. Ltd., 
2-1, 7-chome, Hirai ,  Edogawa-ku, Tokyo, 132, Japan.  

Alpha olefin sulfonates (AOS),  as reported in several 
references, have been found to have better biodegradability, 
less toxicity to organisms, milder skin irritation, and higher 
safety to human health than linear alkylbenzene sulfonates 
(LAS) which have been commonly used in most detergent 
formulations. They are also more economical than alkylether 
sulfates (AES) .  Since AOS have good detergency even in 
hard water,  and good pH stability over a wide range, they 
have recently attracted attention as useful surfactants  and are 
being widely used in household and industr ial  detergents. For  
example, they are used in low phosphate heavy duty detergent 
formulations, dishwashing detergents that are particularly mild 
to the skin, and in shampoos. Sulfonatlon technology for pro- 
ducing light colored AOS without bleaching and improved spray 
drying techniques have been developed recently. This is one 
of the reasons why AOS have been more widely used in 
several kinds of detergent systems. The paper win summarize 
the recent applications of AOS as a surfactant  from the point 
of view of environmental safety, performance properties, and 
various manufac tur ing  processes. 

92 
D E T E R G E N C Y  E NHANCE ME NT S  BY P U R E  ALCOHOL 
ETH O X Y LA TES.  H.L.  BENSO~ and Y.C. CHIU, Westhollow 
Research Center, Shell Development Company, PO Box 1380, 
Houston, TX 77001. 

Oily soil and clay detergencies using a radiolabeled soils' 
procedure have been compared for a series of high puri ty  
dodecanol linear alcohol e[hoxylates containing from 3 to 8 
moles of ethylene oxide and a corresponding series of CL~C~ 
alcohol ethoxylates with normal, broad polyoxyethylene distribu- 
tions. Results have been obtained at 75 F and 100 F for a 
variety of nonpolar soils on permanent  press polyester/cotton 
fabric substrate. Significant detergency enhancements a r e  
found for the pure ethoxylates on nonpolar lube oil and triglyc- 
eride soils. The maximum benefits occur between 4-5 moles 
ethylene oxide per mole alcohol (10-11 H L B )  depending on the 
temperature.  These results appear to be related not only to 
lowering of interracial tensions but also to rates of soil 
soluhilization, which in turn  are related to micellar size a n d  
composition. Scattered light intensity measurements,  an indica- 
tion of relative micellar size, show strong dependency on the 
ethylene oxide number and on temperature,  which correlate 
with the detergency data. Similar results have been obtained 
with blends of the pure ethoxylates containing high and low 
ethylene oxide contents. 

93 
T H E R M A L  D E G R A D A T I O N  AND O X I D A T I O N  OF T H I N  
FILMS OF U N S A T U R A T E D  GLYCERIDES.  Ku TAKAOKA, 
Department  of Chemistry, Musashi Inst i tute of Technology, 
1-28-1, Chome, Tamazutsumi,  Setagaya, Tokyo, J a p a n ;  and 
YOSttIYUKI TOYAMA, Toyo University, Japan .  

To understand the oxidation reaction at the surface of oils, 
we attempted to investigate the thermal oxidation and decmn- 
position of thin films of unsaturated oils by means of thermal 
analysis and other analytical methods ( IR,  eIementary analysis, 
and MS).  Triolein, trilinolein, and trilinolenin were heated in 
air  in the range of 25 C to 240 C, in order to elucidate the 
relationship between thickness of sample film (20-1800 ~) and 
the degree of the oxidative polymerization. Further,  thermal 
polymerization products were measured by means of thermal 
analysis with a micro-thermo-balance system evacfiated to 10 "4- 
10 -5 torr and heating from 25 C to 500 C at 5 C/rain.  The 
compositions of intermolecularly polymerized triolein, trilinolein, 
and trilinolenin were determined by using the heat loss curve 
under reduced pressure. Rate constant and apparent  activation 
energy of intermolecular polymerization were calculated in the 
region of 40 C to 24 C. 

94 
A N T I O X I D A N T  A C T I V I T Y  OF SEA ALGAE. KENSHIRO 
FUJIMOTO and TAKASHI KAI~EDA, Faculty of Agriculture, 
Tohoku University, 1-1, Amamiyamachi-Tsutsumidori ,  Sendal, 
Japan.  

I n  a previous report, the pbospholipid fractions of several 
brown algae were revealed to show considerable antioxidant 
effects on the autoxidation of methyl linoleate. By successive 
screening tests for antioxidants in seaweeds, it was noticed 
that the CHCla-MeOH fraction of a red alga Polysiphonia 
~rceolata showed a marked antioxidant effect. That  is, the 
induction period of the methyl ester of safflower oil. whose 
induction period at 45 C was 4 days, was extended to 70 days 
by addition of 1% of this fraction. The antioxidant activity 
of this al~a was the most intense of all seaweeds examined. 
However tile phospholipid fraction of this alga was ineffective 
and ~be active ingredient was separated into several fractions 
by silicic acid column chromatography. Therefore, the synergistic 
reaction of several components were deduced, as with a brown 
ai~a, Undaria pinnatifida, which was previously reported. The 
detailed antioxidation mechanisms of both algae will be discussed. 

95 
E F F E C T  OF AMINO ACIDS ON A U T O X I D A T I O N  OF SAF- 
F L O W E R  OIL IN EMULSIONS.  TOM RIISOM, REX J.  SI~S, 
and Jos~P~  A. FIORITI, General Foods Corporation, Pleasant- 
villa, NY. 

Amino acids were tested as antioxidants in liquid emulsions 
containing safflower oil and various sugars.  The techniques 
of headspace oxygen absorption and chemiluminescence were 
used to monitor oxidation rates. The effectiveness of the several 
amino acids tested was quite variable and dependent upon the 
level and type of sugar  added, the pH  of the system, the 
average oil droplet size, the emulsion stability and its viscosity. 
These experiments were subsequently expanded to include freeze- 
dried emulsiens containing safflower oil with proteins or gums 
as the matrix.  The antioxidant effects of added amino acids 
and sugars  were determined. Porosity measurements  on the 
dried samples indicated that the diffusion of oxygen may be 
rate determining. 

96 
A N T I O X I D A N T  A C T I V I T Y  OF AMINO ACIDS BOUND TO 
TROLOX-C. M.J. TAYLOR. and T. RICHARDSON, Department  of 
Food Science, Universi ty of Wisconsin, Madison, W I  53706. 

Trolox-C is an analogue of ~-tocopherol (vi tamin E) ,  differing 
by bavin~ a carboxyl group in place of the isoprenoid side-chain 
of vitamin E. Manufactured by Hoffman-LaRoche, Trolox-C has 
greater  antiexidant activity than many commercial food anti- 
oxidants and is relatively nontoxic (LDho similar to B H A  and 
B H T ) .  We have synthesized a number of antioxidants more 
potent than Trolox-C by covalently at taching various amino 
acids to Trolox-C. Methionine, tryptophan, histidine, a n d  
cysteine were attached to Trolox-C through the formation of a n  
amide bond between the carboxyl group of Trolox-C and the 
amino group of the amino acid. The amide would presumably 
be hydrolyzed by enzymes in the gastrointestinal  tract, releasing 
amino acid and relatively nontoxic Trolox-C during digestion. 
Antioxidant activity was evaluated by measur ing  the t ime for  
removal of dissolved oxygen from an emulsion of linoleie acid 
metllyl ester after addition of hemoglobin. Antioxidant activity 
is expressed as a protective index ( P I ) ,  which is the ratio 
of time for oxidation of emulsion with an~ioxidant to that  of 
a blank emulsion. For example, the P I  of Trolox-C is 1.94: of 
Troloxyl-trypt ophan-0Me, 18.7 ; of Tr  oloxyl-methionine-OMe, 
10. l ;  of Troloxyl-cysteine-OH, 4.89; and of Troloxyl-histidine- 
OMe, 3.18 (pH 7.2, 10 -a M).  The methyl ester of the Troloxyl- 
amino acids had greater  antioxidant activity than the cor- 
responding free acid form. Antioxidant activity at 6.7, and a 
comparison to BHA, BHT,  and a-tocopherol will be presented. 

97 
D I V E R S I T Y  OF S Y N E R G I S M  B E T W E E N  P H E N O L I C  ANTI-  
OXIDANTS AND AMINO COMPOUNDS.  YUKInlRO ISHIKAWA, 
Faculty of Education, Tottori University, Koyama-cho, Totted,  
680. Japan.  

Recently, a possible mechanism of synergism ]oetween 
tocopheroIs (mainly "y- and ~-Toc) and tr imethylamine oxide 
(TMAO) in the inhibition of autoxidation of methyl linoleate 
was proposed (Y. I sh ikawa  et el., At t i c .  Biol. Chem. 42:703  
[1978] ) .  I t  was found that Toe reducing dimers played an 
important  role in synergism, and methyl keto-octadecadienoate 
(kate acid) was characteristically formed. We have studied 
the diversity of synergism by considering the characteristic 
phenomena described above. ~/-Toc showed strong synergism 
with tri-n-oetylamine (TOA) in the inhibition of autoxidation 
of methyl linoleate. After the disappearance of 7-Toe, a large 
amount of ~/-Toc reducing dimers was maintained in a reaction 
mixture for a long time, and TOA acted as a peroxide decom- 
poser to give keto acid. However. a mechanism of synergism 
between them differs much from that between Toc and TMAO 
in the oxidation pattern of methyl linoleate. A mechanism of 
synergism between B H A  and TMAO seems to be similar  ~o 
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tha t  between Toe and TMAO.  Howeve r ,  phenolic an t iox idan t s  
such as 6 -hydroxychrmnan-2-carboxyl ic  acid and  ter t -butylhydro-  
q , i n o n e  did not show s y n e r g i s m  wi th  TMAO.  The  f o r m e r  
showed s y n e r g i s m  wi th  TOA, but  the la t te r  d id  not. Th i s  
d ive r s i t y  of s y n e r g i s m  be tween  phenolic  an t iox idan t s  a n d  a m i n o  
c~m~pounds is Iikely to be closely re la ted  to s te r ic  e n v i r o n m e n t  
of O H  g r o u p ( s )  in an t iox idan ts ,  f o rma t ion  of t he i r  r e d u c i n g  
d imers ,  and  ac t iv i t ies  of de r iva t i ve s  of amino  compounds  as  
a n t i o x i d a n t  or  synerg i s t .  

98 
B E H A V I O R  OF  C I T R I C  A C I D  I N  E D I B L E  O I L S .  MAMORU 
KOhlODA, KOUJI  MIYAKO8~II, and  S~IGEZO MATSUBARA, Sugi-  
y a m a  Chemical  and  I n d u s t r i a l  Labora to ry ,  11, Kagetor i -cho,  
To tsuka-ku ,  Yokohama,  J a p a n .  

A quan t i t a t i ve  gas  l iquid c h r o m a t o g r a p h i c  method for  c i t r ic  
ac id  and  its decomposed p roduc t s  in  ref ined oils a n d  f a t s  w a s  
developed. At  20 and  30 ppm levels, recover ies  of the  acids  
f rom the oil v a r i e d  f rom 95 to 1 0 0 %  except  for  i taconic  acid. 
W h e n  soybean  oil c o n t a i n i n g  50 p p m  ci t r ic  ac id  was  t r ea ted  
at  reduced  p r e s s u r e  u n d e r  v a r i o u s  deodor iz ing  condit ions,  no 
other  acid  bu t  c i t r ic  ac id  w a s  found  to decrease  as the  de- 
odor iz ing  t e m p e r a t u r e  inc reased  and  the  t ime  prolonged.  W h e n  
1,000 ppm of c i t r ic  ac id  w a s  used.  a cons iderable  a m o u n t  of 
un reac ted  citric acid, a small  a m o u n t  of aconi t ic  and  i taconie  
acids were  found.  Soybean oil compr i s ing  50 or 1,000 ppm of 
ci t r ic  acid was  heated  at  a tmospher ic  p r e s s u r e  unde r  v a r i o u s  
condit ions.  The resul t s  were  s imi la r  to those of deodor iz ing  
condit ions.  The fo rma t ion  of c i t raconic  acid toge ther  wi th  
aconi t ic  and i taconie  ac ids  w a s  observed only when the  oil 
c o m p r i s i n g  1,000 p p m  of c i t r ic  ac id  w a s  heated at  the h i g h e r  
t em pe ra tu r e .  These  f ind ings  ind ica te  tha t  the syne rg i s t i c  effect 
of these acids de r ived  f rom ci t r ic  ac id  a re  negligible  in  
commerc ia l  edible oils. Ci t r ic  ac id  did  not  protec t  the  oil 
a g a i n s t  f luorescent  l ight  but  m a r k e d l y  i m p r o v e d  f lavor  and  
oxida t ive  s tabi l i ty  w h e n  the oils were  de te r io ra ted  u n d e r  spon- 
t aneous  au tox ida t ion  condit ions.  H o w e v e r ,  i ts  efficiency w a s  
independen t  of i ts  concent ra t ion .  Ci t r ic  acid solubil i ty in  the 
soybean oil was  measu red .  At  least  50 p p m  ci tr ic  acid could 
be dissolved in the  oil a f t e r  4 weeks  of s to rage .  

99 
A R A P I D  M E T H O D  F O R  A N A L Y S I S  O F  R E F I N E D  V E G E -  
T A B L E  O I L S  F O R  T B H Q  B Y  GAS C H R O M A T O G R A P H Y .  
RICHARD E. AUSTIN and  DAVID M. WYATT, Technica l  Se rv ice  
and  Deve lopment  Div i s ion  of E a s t m a n  Chemica l  P roduc t s ,  Inc. ,  
K ingspor t ,  TN 37662.  

A rap id ,  p rac t i ca l  ana ly t ica l  method  for  d e t e r m i n i n g  T B H Q  
at the 5 0 - 1 5 0  p p m  level in ref ined vege tab le  oils is descr ibed.  
The method  util izes a s imple  ace toni t r i te  ex t rac t ion  of 1 ml 
samples  followed by gas  c h r o m a t o g r a p h i c  m e a s u r e m e n t  of the  
T B H Q  a n d  in te rna l  s t a n d a r d .  The method  has  shown quan t i t a -  
t ive  recover ies  at the  9 0 %  level f rom soybean,  sunf lowerseed,  
and  cottonseed oils. The  gas  c h r o m a t o g r a p h i c  technique  em- 
ploys in jec t ion  of the  acetoni t r i le  ex t r ac t  w i thou t  the  use  of 
pro-columns r equ i red  by other  methods.  Total  opera tor  t ime  is 
about  15 min  per  sample,  and  the  method is appl icable  to 
modern  l abora to ry  au toma t ion  systems.  The  least  squa re s  calibra- 
t ion of T B H Q / i n t e r n a l  s t a n d a r d  response  shows a correla t ion 
coefficient of 0.98. Othe r  face ts  of gas  c h r o m a t o g r a p h i c  mea- 
s u r e m e n t  of T B H Q ,  such  as  silyI de r iva t i za t i on  techniques ,  will 
be discussed.  
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A C O M P A R I S O N  OF T H E  V O L A T I L I T I E S  O F  T B H Q ,  B H A ,  
A N D  B H T  A N T I O X I D A N T S  F R O M  S O Y B E A N  O I L  U N D E R  
S I M U L A T E D  F R Y I N G  C O N D I T I O N S .  DAN F. BUCK, Tech- 
n ica l  Serv ice  and  Deve lopmen t  Divis ion ,  E a s t m a n  Chemical  
P roduc t s ,  Inc. ,  K ingspor t ,  T N  37662.  

T B H Q ,  B H A ,  and  B H T  are  used in the  food i n d u s t r y  as  
an t i ox idan t s  for  f r y i n g  oils. One  of the  problems of phenol ic  
an t iox idan t s  is t ha t  they  are  r emoved  f r o m  oils by  hea t  and  
s t eam dist i l lat ion.  H o w e v e r ,  little w o r k  has  been done com- 
p a r i n g  the  volat i l i t ies  of these an t iox idan ts .  This  w o r k  descr ibes  
a com pa r i son  of the  volat i l i t ies  of T B H Q ,  B H A ,  a n d  B H T  
f rom soybean oil u n d e r  s imula ted  f r y i n g  condit ions.  Loss  r a t e s  
for  each a n t i o x i d a n t  w e r e  de t e rmined  u n d e r  condi t ions  of hea t  
(180 C) a n d  a combina t ion  of hea t  (180 C) a n d  s team 
dist i l la t ion.  Regress ion  ana lys i s  of the  da ta  indica ted  tha t  a 
l inear  relat ion exis ts  be tween antioxidant loss and  t ime.  Resul t s  
of th is  w o r k  ind ica te  v e r y  little d i f ference  in loss r a t e s  for  
each an t iox idan t .  I n  addi t ion,  the r eg re s s ion  equa t ions  strew 
tha t  s t eam dis t i l la t ion cont r ibu tes  little to loss of an t iox idan t s  
f r o m  f r y i n g  oil. AOM tests  subs t an t i a t e  th is  conclusion as the  
oils subjec ted  to both hea t  and  s t eam dis t i l la t ion h a v e  the  same 
s tabi l i ty  as oil subjec ted  to hea t  only. A O M  tes t ing  also showed 
the supe r io r  p roper t i es  of T B H Q  in p ro t ec t ing  soybean  oil. 
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H I G H  P E R F O R M A N C E  L I Q U I D  C H R O M A T O G R A P H Y  O F  
S T E R O I D S .  ERIcI~ HEFT.~[A~CN, W e s t e r n  Regiona l  R e s e a r c h  
Center ,  U S D A ,  800 B u c h a n a n  St., Berkeley ,  CA 94710.  

Af t e r  a b r i e f  d i scuss ion  of the  mer i t s  and  l imi ta t ions  of 
h igh  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  ( H P L C )  re la t ive  to 
o ther  c h r o m a t o g r a p h i c  methods,  special  p roblems in the  applica-  
t ion to s teroids  a re  d iscussed.  Solut ions  a re  presen ted ,  u s i n g  
examples  of p rocedures  cu r r en t ly  in  use  for  v a r i o u s  classes of  
s teroids ,  pa r t i cu l a r l y  those encoun te red  in  f a t s  a n d  oils. 
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Q U A N T I T A T I V E  D E T E R M I N A T I O N  O F  F E R U L A T E S  I N  
R I C E  B R A N  O I L  B Y  H I G H  P E R F O R M A N C E  L I Q U I D  
C H R O M A T O G R A P H Y .  K.  TA:~ABE, A. TANAKA, A. KATO, a n d  
T. HASItIMOTO, Na t iona l  Chemical  Lab .  for  I n d u s t r y ,  1-1-5, 
H o n m a c h i ,  Sh ibuya-ku ,  Tokyo,  151, J a p a n .  

S teryl  es ters  of fe ru l ic  acid_ are  cha rac te r i s t i c  m i n o r  com- 
ponents  of r ice b r a n  oils. A n e w  l iquid  c h r o m a t o g r a p h i c  method  
for  m e a s u r i n g  the  conten t  of f e ru la t e s  tha t  is sens i t ive  a n d  
prec ise  is repor ted .  A D u P o n t  Model 830 h igh  p e r f o r m a n c e  
l iquid c h r o m a t o g r a p h  equipped  wi th  a f luorescence detec tor  w i t h  
a 0.25 m X 4.6 m m  I D  s ta in less  steel column c o n t a i n i n g  
Zorbax  sil ( D u P o n t )  w a s  used,  The  mobile phase  w a s  a mix-  
tu re  of e thanol -hexane  ( 1 : 5 0 )  at a flow r a t e  of 2.0 m I / m i n .  
U n d e r  these  condit ions,  the re ten t ion  t ime  of f e ru la t e s  w a s  5.9 
rain. The  m i n i m u m  detectable  a m o u n t  of fe ru la tes  w a s  0.01 

~g. The  assay  was  used in the  de t e r mina t i on  of fe ru la tes  in  
s ixteen samples  of r ice  b ran  oils, The  contents  of f e ru la t e s  
were  0 . 7 3 - 1 . 7 0 %  in c rude  oils and  0 , 0 2 - 0 . 2 4 v ~  in commerc ia l  
oils. 
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ANALYSIS OF AUTOXIDATION PRODUCTS OF CHO- 
LESTEROL B Y  H I G H  P E R F O R M A N C E  L I Q U I D  C H R O -  
M A T O G R A P H Y .  L.S.  TSAI a n d  C.A. HUDSON, U S D A ,  Albany,  
CA. 

Autoxida t ion  p roduc t s  of cholesterol were  ana lyzed  by  h igh  
p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  ( H P L C ) ,  u s i n g  a ]zPorasil  
~.olumn and  v a r i o u s  m i x t u r e s  of hexane  and  i sopropanol  as 
e la t ing  solvents.  The re la t ive  e la t ion vo lumes  of 12 cholesterol 
oxidat ion de r iva t ives  were  obtained.  Choles tan-3~,ha ,6fb t r io l ;  
5c~-cholestan-3~, 6~-diol ; 5-cholesten-3B,Ta-diol ; 5-cholesten-3~, 
7~-diol; 5-eholesten-3~,25-diol;  5-cholesten-3~,20-diol;  and  5- 
cholesten-3fl-ol-7-one were  resolved f r o m  cholesterol a n d  f r o m  
each other .  The 3,5-cholestadiene and  3,5-cholestadien-7-one were  
resolved f rom cholesterol and  the  above compounds ,  bu t  no t  
f rom each other.  Ano the r  possible oxida t ion  product ,  5,24- 
cholestadien-3 f~-ol, w a s  not resolved f r o m  cholesterol. A 
phenonaenon of d ras t i c  c ha nge s  in  e lu t ing  s t r eng th  of solvent  
wi th  small  changes  in i sopropanol  conten t  ( 0 . 5 - 5 . 0 %  in hexane )  
was  observed,  wbich  canno t  be expla ined  s imply  by  solvent  
polar i ty  index.  Effects  of so lvent  i sopropanol  content  on the  
elution volume of a n u m b e r  of compounds  will be d iscussed.  
The a d v a n t a g e s  of H P L C  over  th in  layer  c h r o m a t o g r a p h y  in 
this s tudy  were  h igh  resolut ion,  r a p i d  analysis ,  and  d i rec t  
quan t i t a t i on  wi th  h igh  sens i t iv i ty .  The  detectable level of all 
compounds  for a ccu ra t e  quan t i t a t i on  by di f ferent ia l  r e f rac tom-  
eter  was  about  1.0 #g.  Fo r  these  compounds  which  absorb  
s igni f icant ly  at 210 nm,  such as  cholesterol, the  sens i t iv i ty  was  
increased.  
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R E V E R S E  F H A S E  H I G H  P E R F O R M A N C E  L I Q U I D  C t t R O -  
M A T O G R A P H Y  OF H E A T E D  S O Y B E A N  O I L .  M.M. 
CHAUDRV and  E.G. PI*~ICKINS, 104 B u r n s i d e s  Resea rch  Lab. ,  
U n ive r s i t y  of I l l inois,  U r b a n a ,  I L  61801.  

H i g h  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  ( H P L C )  has  be- 
come a widely used analyt ica l  tool. The  ava i lab i l i ty  of co lumns  
to allow controlled n o n d e s t r u c t i v e  sepa ra t ions  of complex mix- 
t a r e s  of l ipids has  inc reased  i ts  a t t r ac t i on  to l ipid chemists .  
Recent  work  in our  l abora to ry  and  others  h a v e  shown the 
appl icabi l i ty  of octadecyls i lane bonded  mic ropa r t i cu l a t e  pack-  
inffs to the s epa ra t ion  of complex t r ig lyce r ide  m i x t u r e s  by H P L C .  
W e  have  extended this  w o r k  into the s epa ra t ion  of heated  
and  oxidized fa t  components_ P r o d u c t i o n  r u n  107 I V  soybean  
oil w a s  heated in  a deep f r y e r  wi th  s imul taneous  f r y i n g  of 
potatoes unti l  the  oil showed s igns  of de te r iora t ion .  The hea ted  
oil w a s  s epa ra t ed  on a Zorbax  O D S  H P L C  column u s i n g  
m i x t u r e s  of acetoni t r i le  and  t e t r a h y d r o f u r a n  as the mobile phase .  
The  component  peaks  which sepa ra t ed  and  conta ined  e i ther  
t r ig lycer ide  or c ha nge d  components  were  collected and  subjected 
to f u r t h e r  ana lyses  hy gas  l iquid and  th in  layer  ch r oma tog r a phy .  
The resul t s  were  compared  wi th  those obta ined by subsequen t  
ana lys i s  of unhea ted  oil and the  use  of ava i lab le  heated  f a t  
components  as  s t a n d a r d s  to ob ta in  bas ic  elution data .  
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HIGH PERFORMANCE LIQUID CHROMATOGRAPHY OF 
H E A T E D  F A T S  A N D  O I L S :  O L I V E  O I L .  ALI  EL-HA~fDY 
and  EDWARD G. PERKINS, 104 B u r n s i d e s  Resea rch  Lab. ,  Uni -  
ve r s i ty  of I l l inois,  U r b a n a ,  I L  61801.  

The the rma l  oxida t ion  of f a t s  and  oils such as occurs  in  a 
deep f a t  f rye r  resul t s  in a complex m i x t u r e  of ox ida t ion  p roduc t s  
of i n t e rmed ia t e  a n d  high molecular  weight .  The use  of classical  
and  convent ional  methods  of s epa r a t i on  such  as u r e a  adduet ion ,  
dist i l lat ion,  and  column c h r m n a t o g r a p h y  are  v e r y  t ime  con- 
sh in ing  and  exhibi t  i n fe r io r  s e pa r a t i on  power .  Fo r  these  rea-  
sons a combina t ion  of h igh  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  
( H P L C ) ,  h igh  p e r f o r m a n c e  gel pe rmea t ion  ch r oma tog r a phy ,  and  
gas  l iquid c h r o m a t o g r a p h y  were  employed.  I n  the  p r e se n t  work ,  
olive oil w a s  hea ted  in a commerc ia l  deep f r y e r  a t  215 C for  
l0  days.  D u r i n g  8 h r  of each day  f r ench  f r ies  w e r e  p r e p a r e d  
eve ry  30 rain. The  r e su l t an t  hea ted  oil samples  w e r e  f i rs t  
f r ac t iona ted  a c c o r d i n g  to molecular  w e i g h t  wi th  high per- 
r e f inance  gel pe r mea t i on  chromatogt -aphy on a 500 _K micro-  
s tyrage l  colunm, u s i n g  t e t r a h y d r o f u r a n  as the mobile phase.  
F r a c t i o n s  of components  of molecular  w e igh t s  of less t h a n  2000 
were  collected and  subsequent ly  s e p a r a t e d  on a r eve r se  phase  
I I P L C  column. The  components  which  were  s e p a r a t e d  on th is  
column were  ind iv idua l ly  collected, conver ted  to the i r  methyl  
esters,  and  analyzed by g a s  c h r o m a t o g r a p h y .  The  h i g h e r  
molecular  we igh t  f r ac t ions  were  collected and  s e p a r a t e d  by  the  
reverse  phase  column.  I n d i v i d u a l  components  w e r e  also col- 
lec:ed and  analyzed by m a s s  spec t r ome t r y  and  nuc l ea r  m a g n e t i c  
spec t roscopy for  s t r u c t u r a l  cha rac te r i za t ion .  
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N A T U R A L L Y  O C C U R R I N G  V I T A M I N  Ds  I N  F I S H  
PRODUCTS ANALYZED BY HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY USING VITAMIN D~ AS AN IN- 
TERNAL STANDARD, ELIANN EGAAS and GEORG LA:M- 
BERTSKN, Directorate of Fisheries, Bergen, Norway. 

A chemical  me thod  for  the ana lys i s  of n a t u r a l l y  o c c u r r i n g  
v i t a m i n  D is proposed.  The  unsaponi f iab ie  m a t t e r  of oils a n d  
t i s sues  is p r e p a r e d ;  cholesterol is pa r t l y  r emoved  by double 
p rec ip i t a t ion  at  low t e m p e r a t u r e  in methanol .  The  v i t a m i n  D 
f rac t ion  is collected on an  adsorp t ion  column by h igh  per- 
f o r m a n c e  l iquid c h r o m a t o g r a p h y  ( H P L C ) .  The  f r ac t i on  is 
f u r t h e r  purif ied,  and  the  v i t a m i n s  D~ and  Ds a re  s e p a r a t e d  on 
a pa r t i t i on  column ( r eve r se  p h a s e )  by  H P L C .  R e c o v e r y  w a s  
89 to 9 3 % ,  s t a n d a r d  devia t ion  3 % .  The only v i t a m i n  D 
ana logue  found  in fish oils, l ivers ,  a n d  fillets, w a s  cholecalciferol 
(Da ) .  Hence .  ergocalc i ferol  ( D r )  could be used as an  in te rna l  
s t a n d a r d .  The  p r o v i t a m i n s  ergos tero l  ~nd 7-dehydrocholesterol ,  
as  well as the p r e v i t a mins ,  w e r e  s epa ra t ed  f r o m  the v i t a m i n  
D- f r ac t ion  on the  adsorp t ion  column.  Resul t s  in  the  r a n g e  
0.050 to 134 /zg Ds  pe r  g r a m  (2 to 5360 I . U .  pe r  g r a m ) ,  a re  
g iven .  One  cod l iver  oil w a s  ana lyzed  in a r a t  b ioassay ,  g i v i n g  
s u p p o r t i n g  resul t s .  

188A J.  A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L .  5 6 )  
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D E T E R M I N A T I O N  OF T O C O P H E R O L  H O M O L O G U E S  IN 
FOODSTUFFS BY HIGH PERFORMANCE LIQUID CHRO- 
MATOGRAPHY. HIROYASU FUKUBA, TORU~O MIYOSKI, a n d  
TOSHIE TSUDA, Resea rch  I n s t i t u t e  of Food  Chemis t ry ,  Ochano-  
mizu Unive r s i ty ,  Otsuka .  Tokyo, 112, J a p a n .  

By  the combina t ion  of h i g h  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  
( H P L C )  and  spec t rof luoromet r ic  ana lys i s  c~-, ~6-, 7", and  c~- 
tecopherols  in foodstuffs  were  successful ly  sepa ra t ed  and  deter- 
mined.  The exper imen ta l  condi t ions  were  as fol lows:  column, 
S h i m a d z u - D u P o n t  Zorbax  Sil;  mobile phase,  n-hexane- isopropyl  
e ther  ( 9 8 : 2 ) ;  flow rate ,  0.9 m l / m i n ;  detector,  Sh imadzu  Spec- 
t ro f luorospec t rophotometer  RF-500  (Ex .  298 am,  Era.  325 a m ) .  
As the in te rna l  s t anda rd ,  2,2,5,7,8-pentamethyl- l~-hydroxy 
ch r om an  was  employed.  The  peak  of th is  compound  appea red  
between those of c~- and  B-tocopherols. I n  some cases f luorescent  
subs tances  in te r fe red  wi th  the method.  I n  the case of sesame  
oil, these subs t ances  were  found  to be sesamolin  and  sesamin .  
Some spices, especially whi te  and  black paper ,  allspice, and  
clove, i n t e r f e r ed  wi th  the method.  Clove ex t rac t  showed seven 
f luorescent  g roups  on the c h r o m a t o g r a m .  The  first  g roup  and  
~-tocopherol, and  the second g roup  and  ~-tocopherol over lapped 
each ether .  Allspice conta ined  two f luorescent  g roups  tha t  re- 
sembled those of the first  and  the second g roups  of clove 
extract .  W i t h  samples  con t a in ing  these spices  the i n t e r f e r i n g  
subs tances  had  to be s e p a r a t e d  by siIicie acid column chro- 
m a t o g r a p h y  before  the H P L 0  operat ion.  
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HIGH P E R F O R M A N C E  L I Q U I D  C}{ROMATOGRAPHY 
A N A L Y S I S  O F  S E V E R A L  P R E S E R V A T I V E S  I N  O I L S  A N D  
F O O D S .  WILLIAM P.  VAN ANTWERP, Agr i -Sc ience  Labora tor ies ,  
Inc. ,  Los Angeles,  CA 90025.  

Reve r se  phase  h igh  p e r f o r m a n c e  l iquid c h r o m a t o g r a p h y  
( H P L C )  is an  extremely efficient tool for  the s epa ra t i on  of 
m a n y  k inds  of o rgan i c  molecules. Sui table  choice of both 
column-type and  mobile phase  composi t ion allows g rea t  versat i l -  
i ty in s epa ra t ion  and  excellent resolut ion.  W e  have  developed a 
method for  the ana lys i s  of severa l  common p re se rva t i ve s  in 
oils and  finished foods. The  method involves  a s imple ext rac t ion,  
pro-inject ion clean-up, and  H P L C  separa t ion ,  followed by both 
absorbance  and  f luorescence detection. Bu ty la t ed  hyd r oxy  
anisole, buty la ted  hyd roxy  toluene, benzoic acid, sorbic acid, 
and  sod ium c i t ra te  a re  ana lyzed  by this  t echnique  wi th  p a r t  
per  million detect ion l imi ts  for  the a r o m a t i c  p re se rva t ives .  A 
s tudy  of severa l  foods and  oils is included.  

S E S S I O N  Q:  S Y M P O S I U M :  L O W  D E N S I T Y  A N D  V E R Y  
L O W  D E N S I T Y  L I P O P R O T E I N S :  S T R U C T U R E ,  C O M P O S I -  
T I O N ,  AND PROPERTIES 
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VERY LOW DENSITY LIPOPROTEIN AND LOW DENSITY 
LIPOPROTEIN METABOLISM: AN OVERVIEW. DANIEJ, 
STEINEERG, Div i s ion  of ,~{etabolie Disease ,  D e p a r t m e n t  of Med- 
icine. U n i v e r s i t y  of Cal i forn ia ,  San  Diego,  CA 92093.  

i t  is becoming  inc reas ing ly  clear tha t  l ipoprotein  f r ac t i ons  
as convent ional ly  defined in t e r m s  of dens i ty  r a n g e s  a re  to 
v a r y i n g  degrees  he te rogeneous  and  complex in the i r  metabolic  
or ig in .  Fo r  example,  the v e r y  low dens i ty  l ipoprotein ( V L D L )  
f rac t ion  inc ludes  molecules cover ing  a wide  r a n g e  of size and  
composit ion.  Most  V L D L  is normal ly  synthes ized  and  secreted 
by the liver, bu t  a s ign i f ican t  f r ac t ion  has  its o r ig in  f rom the 
intest ine,  e i ther  direct ly  secreted or de r ived  f rom chylomicrons .  
I n  no rma l  man,  most  low dens i ty  l ipoprotein  ( L D L )  is de r ived  
f rom V L D L .  H o w e v e r ,  pa t i en t s  wi th  fami l ia l  hypercho-  
les terolemia secrete  L D L  direct ly  into the p l a sma  in large  
quant i ty .  I n  normal  man,  most  V L D L  apopro te in  B is con- 
ve r ted  to L D L  before  d i s a p p e a r i n g  f rom the p lasma  compart -  
ment .  I-Iowever, in pa t i en t s  wi th  hype r t r i g lyce r i demia  a la rge  
f rac t ion  of V L D L  apoprote in  B is r emoved  f rom p la sma  with-  
out p r io r  convers ion  to L D L .  These n e w e r  f indings  consider-  
ably complicate  i n t e rp re t a t i on  of s teady s tate  pa t t e rns  or pheno- 
types ;  eventua l ly  they should c la r i fy  the  m e c h a n i s m s  under -  
ly ing  the hyper l ipopro te i aemias .  I t  is now clear  tha t  a s igni f -  
icant  a m o u n t  of L D L  is deg raded  by ex t r ahepa t i c  t issues.  Up- 
t ake  of L D L  by cells in cul ture  is la rgely  media ted  by the  
h igh  affinity L D L  receptor  defined by B r o w n  and  Goldstein.  
In  addi t ion,  however ,  L D L  can  be t aken  up  by low affinity 
m e c h a n i s m s  and  this  m a y  be pa r t i cu l a r l y  s ign i f ican t  wi th  re- 
spect  to a the rogenes i s  and  x a n t h o m a  fo rmat ion .  The up take  
of L D L  imposes  a " b u r d e n "  of cholesterol t h a t  m u s t  be re- 
t u r n e d  to the l iver  for  excret ion.  Glomset  has  proposed  tha t  
H D L  m a y  play a key  role in  this  process  a l though ev idence  
for  the  opera t ion  of th is  m e c h a n i s m  in v ivo  is l imited.  I n t e r e s t  
in this  proposal  is he igh tened  by the  recen t  f ind ings  tha t  r i sk  
of a therosc leros is  corre la tes  nega t ive ly  wi th  H D L  levels. Al- 
though cell b ind ing  of H D L  occurs  la rgely  by m e c h a n i s m s  
d is t inc t  f rom those respons ib le  for  b i n d i n g  of LDL~ cer ta in  
sub t r ac t ions  of ] : IDL ( those  c o n t a i n i n g  apep ro t e in  E )  compete 
wi th  L D L  b ind ing .  Th i s  in te rac t ion  m a y  also con t r ibu te  to the  
" p ro t ec t i ve"  effect of h i g h  I=IDL levels. 
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P H Y S I C A L - C H E M I C A L  I N V E S T I G A T I O N S  OF  LOW D E N -  
S I T Y  LIPOPROTEIN AND VERY LOW DENSITY LIPO- 
P R O T E I N .  DONALD M. SMALL, Biophys ics  Ins t i tu te ,  Bos ton  
Un ive r s i t y  Medical  Center ,  Boston,  MA 02118.  

A va r i e t y  of t echniques  have  been used_ to probe the s t ruc-  
tu re  of low dens i ty  l ipoprotein  ( L D L )  and  v e r y  low dens i ty  
l ipeprote in  ( V L D L )  part icles .  The phase  equ i l ib r ium of the  
m a j o r  l ipid classes of L D L  and  V L D L  were  used to p red ic t  
the n u m b e r  of phases  a n d  the  d i s t r ibu t ion  of the d i f ferent  
molecules in I~DL and  V L D L  part icles .  These  s tudies  p red ic t  
tha t  both L D L  and  V L D L  are  par t ic les  composed of l ipids in  
two sepa ra t e  phases .  One  phase  is a su r f ace  phase  m a d e  up  of 
phospholipids,  most  of the  cholesterol, and  a small  a m o u n t  of 
t r ig lycer ide .  The other  is a core phase  m a d e  up of t r ig lycer ide ,  
cholesterol ester,  and  small  amoun t s  of f ree  cholesterol. L ip id  
pa r t i t i on  s tudies  f rom L D L  show tha t  these two phases  can 
be isolated and  charac te r ized .  U s i n g  mic roca lo r imet ry ,  i t  w a s  
dem ons t r a t ed  tha t  L D L  f r o m  m a n  and  m a n y  other  species  
unde rgo  a t r an s i t i on  re la ted to the  o r d e r i n g  of cholesterol es ters  
wi th in  the  core. V L D L  does no t  show this  t r ans i t i on  because  
of the  h igh  concen t ra t ion  of t r ig lyce r ide  which  abolishes cho- 
lesterol ester  t r ans i t ions .  U s i n g  l ipoproteins  f rom dif ferent  ant- 

mals  m a d e  hypercholes tero lemic  (pig,  m o n k e y ) ,  i t  w a s  observed 
that  specific l~poprotein classes ( H D L c ,  and  L D L )  usua l Iy  had  
t r ans i t ion  t e m p e r a t u r e s  above the body t e m p e r a t u r e  of the 
an imal .  The h ighe r  the t r ans i t i on  t empera tu re ,  the  g r e a t e r  the 
chance of a therosc leros is  in  the a n i m a l  I t  is shown tha t  the 
t r ans i t i on  t empera tu re ,  in the absence of t r ig lyce r ide  con- 
t a m i n a n t s  in  the  core, corre la tes  v e r y  well w i th  the  f a t t y  acid 
composi t ion.  I n  the  presence  of core t r lg lycer ide  both f a t ty  
acid  composi t ion of the cholesterol es ters  and  the  q u a n t i t y  of 
t r ig lycer ide  correlate  wi th  the t rans i t ion .  Howeve r ,  the cor- 
re la t ion  wi th  t r ig lycer ide  content  w i th in  the  ] ipoproteins  is not  
ve ry  s t rong  which  sugges t s  tha t  o ther  f ac to r s  m a y  be p re sen t  
which al ter  t r ans i t i on  t empera tu re .  Final ly,  X- ray  sca t t e r ing  
s tudies  ind ica te  tha t  the  ordered  s t r u c t u r e  w i t h i n  the  lipo- 
pro te in  consis ts  of a radia l ly  oriented,  quas i - layered  cholesterol 
es te r  molecule below the t r a n s i t i on  and  a less o rdered  sys tem 
above the t rans i t ion .  N M R  s tudies  show tha t  the f a t t y  aeyl 
cha ins  a re  fa i r ly  mobile, bu t  the cholesterol r i n g  sys tems  be- 
crone re la t ively  immobi l ized below the t rans i t ion .  The  pu ta t ive  
s t r uc tu r e s  of H D L ,  ]:IDLe, h u m a n  L D L s ,  swine  L D L ,  m o n k e y  
L D L ,  a n d  V L D L ,  will be given,  and  the re la t ion  of the  core 
t r ans i t i ons  to a therosc leros is  will be discussed.  (The  w o r k  
d iscussed  was  p e r f o r m e d  wi th  D r s .  D.  Atk inson ,  R.  Decke lbaum,  
R.  Mahley,  L.  Rudel ,  G. Shipley,  and  A. Tall .)  
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S P H E R I C A L  S Y M M E T R Y  A N D  S T R U C T U R E  O F  S E R U M  
L O W  D E N S I T Y  L I P O P R O T E I N .  AN~ELO M. SCANU, The 
U n ive r s i t y  of Chicago,  Div i s ion  of The  Biological  Sciences  and 
The  F r i t z k e r  School of Medicine,  D e p a r t m e n t  of Medicine,  950 
E. 59ti~ St., Chicago,  I L  60637.  

F r o m  da ta  on size and  chemical  composi t ion and  f r o m  con- 
s ide ra t ions  on the  su r f ace  a rea  and  volume occupied by its 
const i tuents ,  low dens i ty  l ipeprote in  ( L D L )  can be descr ibed 
as  a spher ica l  par t ic le  h a v i n g  cholesteryl es ters  and  t r ig lyce r ides  
conta ined  in a core of r a d i u s  : r - 2 0 . 2 i  covered by the  closely 
packed  hydrophobie  ends  of unes ter i f ied  cholesterol and  phos- 
pholipids.  Such  a model  is compat ible  wi th  ear ly  solut ion X- ray  
s ca t t e r i ng  s tudies  and  neu t r on  sca t t e r ing  ana lyses  which,  by 
pos tu la t ing  spher ica l  symmet ry ,  a s s igned  the L D L  cons t i tuen ts  
to locations pred ic ted  f rom the electron dens i ty  d is t r ibut ion .  
H o w e v e r ,  the  concept of spher ica l  s y m m e t r y  as  appl ied  to L D L  
s t r u c t u r e  h a s  rece ived  a chal lenge f rom the more  recen t  s t ruc-  
tu ra l  s tudies .  By  f reeze-etching electron microscopy  employ ing  
a novel  r a p i d  f r eez ing  technique~ L D L  has  been r epor t ed  to 
have  a morphology  d e v i a t i n g  f rom a per fec t  sphere  due to a 
small  n u m b e r  of su r f ace  globules a r r a n g e d  in a t e t r ahed ra l  
s y m m e t r y .  Similar ly ,  solut ion X- ray  sca t t e r ing  expe r imen t s  at  
var iab le  densi t ies ,  a l though r ecogn iz ing  an  almost  spher ica l  core, 
cons ider  the su r f ace  of L D L  as h a v i n g  f o u r  p ro te in  globules 
located at t e t r ahedra l  pos i t ions  wi th  capac i ty  of s t r u c t u r a l  re- 
mode l ing  at least as  a func t ion  of the two t e m p e r a t u r e s  s tud ied  
(21 C and  41 C) .  Thus ,  the  a r e a  of L D L  s t r u c t u r e  r e m a i n s  
unset t led.  A m a j o r  d r a w b a c k  in the  i n t e rp re t a t i on  of both 
ear ly  and  recen t  s ca t t e r i ng  s tudies  has  been the lack  of 
knowledge  of the chemical  and  solution p roper t i es  of the  L D L  
pro te in  ( ape  L D L )  and  of i ts  behav io r  a t  the  w a t e r d i p i d  
in te r face .  Unt i l  th i s  knowledge  is  es tabl ished the  va l id i ty  of 
the  proposed models  canno t  be assessed.  I t  is reasonable  to 
p r e s u m e  tha t  ape  L D L  plays  a role in the  o rgan iza t ion  of the  
su r f ace  and  overall  L D L  s t ruc tu re .  P r o g r e s s  is expected f rom 
the i n t eg ra t i on  of chemical  and  physica l  s tudies .  
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SIZE DETERMINATION OF HUMAN LOW DENSITY LIPO- 
P R O T E I N  ( L D L )  S U B F R A C T I O N S .  MASON M.S.  S~EN,  
ROlqALE M. KRAUS8, FRANK T.  LINDGEEN, TRUDY M. FORTE, 
and  T~OENTON W.  SARGENT IV,  D o n n e r  Labora to ry ,  L a w r e n c e  
Berke ley  Labora to ry ,  U n i v e r s i t y  of Cal i fornia ,  Berkeley ,  CA 
94720,  

The he te rogene i ty  of h u m a n  s e r u m  low dens i ty  l ipoprotein  
( L D L )  has  been de mons t r a t ed  by severa l  techniques .  I n  th is  
s tudy,  ana ly t i ca l  u l t r a c e n t r i f u g a t i o n  a n d  electron microscopy 
were  used to de t e rmine  par t ic le  size in  sub t r ac t i ons  of L D L  
s e p a r a t e d  by equ i l ib r ium dens i ty  g r a d i e n t  u l t r a c e n t r i f uga t i on .  
L D L  (d  1 .019 - 1 .063 )  were  isolated f r o m  s e r u m  of twelve 
heal thy  subjects ,  s ix men  and  s ix  w o m e n  aged  2 5 - 5 6 .  Each  
sample  was  cen t r i fuged  in a sod ium b r mn ide  g r a d i e n t  (d  
1 . 0 2 0 - 1 . 0 5 4 ) ,  a n d  s ix  sub t r ac t ions  were  collected f r o m  each 
g r a d i e n t  at equi l ib r ium.  The  ind iv idua l  sub t r ac t ions  were  sub- 
mi t ted  to s t a n d a r d  ana ly t ica l  u l t r a c e n t r i f u g a t i o n  at  dens i ty  
1.061 and  1.200 g / m l ,  and  hydra ted  dens i t ies  w e r e  calculated 
f r o m  the r}F ~ v e r s u s  p plots. The  ] inear i ty  of this  plot w a s  
verif ied in  o ther  s tud ies  u s i n g  s ix  d a t a  po in t s  r a t h e r  t h a n  the  
s t a n d a r d  two. T h e  Stokes" r a d i u s  w a s  de t e rmined  for  each 
sub t rac t ion  a s s u m i n g  spher ica l  part icles .  The m e a n  resu l t s  
showed a p rog res s ive  inc rease  in Stokes '  r a d i u s  f r o m  85 to 
99 -~ wi th  dec reas ing  h y d r a t e d  dens i ty  of the s ix  f r ac t i ons .  I n  
s ix  of the  subjects ,  the  par t ic le  sizes w e r e  also de t e r mined  by  
electron microscopy a f t e r  n e g a t i v e  s t a in ing .  Pa r t i c l e s  genera l ly  
appea red  round  a n d  m e a n  r ad ius  inc reased  f r o m  107 to 132 .~ 
wi th  dec r ea s ing  densi ty .  Whi le  the resul ts  of the  two methods  
were  s t rong ly  corre la ted  ( r  : 0.87, p < 0 .001)  in  each frac-  
t ion the  r a d i u s  m e a s u r e d  by electron microscopy  w a s  2 0 - 3 0 %  
g r e a t e r  t h a n  the calculated Stokes '  r ad ius .  The d i sc repancy  
be tween  the resul t s  of these two methods  sugges t s  tha t  the  
a s s u m p t i o n  tha t  the par t i c les  a re  spher ica l  m a y  not  be correct .  
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CONFORMATION OF THE PROTEIN MOIETY OF LOW 
DENSITY LIPOPROTEIN TREATED WITH TRYPSIN. J.P, 
KANE, G.C. CHEN, C a r d i o v a s c u l a r  R e s e a r c h  I n s t i t u t e  and  De- 
p a r t m e n t  of Medicine,  U n i v e r s i t y  oi Cal i fornia ,  S a n  F ranc i sco ,  
CA 9 4 1 4 3 ;  and  M.J .  CI~APMAN, I N S E R M ,  Creteil, F r a n c e .  

Luw dens i ty  l ipoprote in  ( L D L )  w a s  p r e p a r e d  f r o m  f resh  
h u m a n  s e r u m  by repe t i t ive  u l t r a c e n t r i f u g a t i o n  at dens i t i es  1.024 
g / c m  z a n d  1.045 g / c m  s. The  L D L  w e r e  subjec ted  to l imi t  
hydro lys i s  for  5 h r  a t  37 C wi th  t r yps in  t r ea ted  wi th  L-1 
( tosylamido-2-phenyl)  ethyl ehloromethyl  ketone.  Stable  par-  
ticles c on t a in ing  ca. 8 0 %  of the  o r ig ina l  p ro te in  m a s s  ( T - L D L )  
were  s e p a r a t e d  f r o m  small  pep t ides  by gel pe rmea t ion  chroma-  
t o g r a p h y  on Sephadex  G-75. The  c i r cu la r  d ichro ie  s p e c t r u m  of 
T - L D L  showed a t r o u g h  at  222 n m  a n d  a peak  a t  195-196 a m ,  
b u t  un l ike  na t ive  L D L  the second m i n i m u m  ca. 208 n m  w a s  
absent .  - -  [(9]z~e w a s  a lways  smal ler  a t  all t e m p e r a t u r e s  for  

I .  A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L .  5 6 )  189A 



T - L D L  t h a n  for  na t ive  L D L  (10,623 ~- 124 vs.  12,290 ----. 171 
dog cm 2 

- -  at  25 C) ,  co r r e spond ing  to helical f r ac t i ons  of 27 
dmol 

and  33 %,  respect ively .  Both p r e p a r a t i o n s  showed a p rogress ive ,  
l inea r  decrease  in el l ipt ici ty of about  1 5 %  as the t e m p e r a t u r e  
was  inc reased  f rom 20 to 60 0. T ins  p rogress ion  w a s  completely 
reversible .  I n  the  presence  of S D S  (25 raM) both spec t ra  
showed a subs tan t i a l  blue shi f t  wi th  deep t r oughs  at  2 0 6 - 2 0 7  
n m  but  little change  in [(~]z~, s u g g e s t i n g  tha t  S D S  changes  the  
d i spers ion  of both T - L D L  and  na t ive  L D L  wi thou t  subs tan t ia l ly  
a l t e r ing  helicity. The  modes t  reduc t ion  in helici ty observed wi th  
T - L D L  sugges t s  tha t  ce r t a in  helical r eg ions  in  s p a  B are  
accessible to t ryp t ic  a t tack .  
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T H E  B P R O T E I N S  OF  H U M A N  S E R U M  L I P O P R O T E I N S .  
KAREN S. KUEHL and  ROBERT G. LANGDOI~, D e p a r t m e n t  of 
Biochemis t ry ,  U n i v e r s i t y  of V i r g i n i a  School of Medicine,  
Charlot tesvil le ,  VA 22908.  

Apo B, a m a j o r  p ro te in  of v e r y  low dens i ty  ( V L D L )  and  
of low dens i ty  l ipoproteins  ( L D L )  has  been de te rmined  by the  
m e a s u r e m e n t s  of Smith ,  Dawson ,  and  T a n f o r d  to h a v e  a 
molecular  w e i g h t  of 255 ,000  ~ 5 % .  S D S  P A G E ,  however ,  
demons t r a t e s  he te rogene i ty  of this  p ro t e in  wi th  two m a j o r  and  
one mino r  components  be ing  r egu la r ly  present ,  h a v i n g  a p p a r e n t  
molecular  we igh t s  of 2.6 )< 105, 2.4 X 105, and  1.4 X 105. 
This  he te rogene i ty  is p r e sen t  in V L D L  as well as in  L D L .  
Pep t ide  m a p p i n g  demons t r a t e s  the two h igh  molecular  we igh t  
species to be ident ical  in V L D L  and  in L D L .  Cyanogen  b r omide  
c leavage  of the  two h igh  molecular  w e i g h t  components  of apo B 
wi th  subsequen t  s epa ra t i on  of the  pept ides  by isoelectric focus ing ,  
h igh  vol tage  electrophoresis ,  p a p e r  ch roma tog raphy ,  S D S  P A G E ,  
and  ion exchange  c h r o m a t o g r a p h y  all demons t r a t e  a l imited 
n u m b e r  ( fou r  or five) me th ion ine  peptides,  r a t h e r  t h a n  the 36 
met  pept ides  pred ic ted  by amino  acid  ana lys i s  and  molecular  
we igh t ;  th is  f inding is consis tent  wi th  h ighly  repe t i t ive  s t ruc-  
tu re  of apo B.  The met  pept ides  which  conta in  cyste ine  a re  
found  in only two f rac t ions ,  ano ther  observa t ion  consis tent  
only wi th  h igh ly  repe t i t ive  s t ruc lu re  of apo B.  Amino  t e r m i n a l  
ana lys i s  of apo B yields blocked amino  t e r m i n a l  g lu t amie  acid 
in excess of the predic ted  one mole pe r  2.4 X l0  s g. Ana lyses  
of the  blocked pept ides  s u g g e s t  t ha t  more  than  one pept ide  is 
p resen t  and  tha t  a t  least  one of these con ta ins  two res idues  
of g lu t amic  acid. Carboxy  t e rmina l  ana lyses  of apo B by 
hydraz inolys i s  yield se r ine  and  g lycine;  both these a m i n o  acids  
are  re leased by carboxy pep t idase  A or  Y diges t ion  of apo B.  
Ana lys i s  of apo B u s i n g  chemical  t echn iques  demons t r a t e  tha t  
the  pro te in  has  a h ighly  repe t i t ive  s t r u c t u r e  and  m a y  consis t  
of mul t ip le  polypept ide  s u b u n i t s  jo ined  by  covalent  bonds.  
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T H E  P R O P E R T I E S  O F  S O L U B I L I Z E D  A P O L I P O P R O T E I N  
B. WALDO R. FISHER, RACHEL B. SHIREMAN, and  PAUL W.  
CHUN, D e p a r t m e n t  of Medicine,  J H M H C  Box J-226,  Uni-  
ve r s i ty  of Flor ida ,  Gainesvi l le ,  F lor ida  32610.  

H u m a n  p lasma low dens i ty  ] ipoprotein  ( L D L )  dif fers  in  
molecular  we igh t  f r o m  one ind iv idua l  to the next  over  a r a n g e  
of 2.4 to 3.6 million, wi th  these dif ferences  r e su l t i ng  f rom 
dif ferent  quan t i t i e s  of l ipid associated wi th  the  apol ipoprote in  
of L D L ,  apoB.  To de t e rmine  whe the r  d i f ferences  in L D L  
molecular  we igh t  resu l t  f rom chemical  d i f ferences  in  apoB, a 
detai led s tudy  of the p roper t i es  of apoB has  been u n d e r t a k e n .  
Del ip ida ted  apoB m a y  be solubilized in the absence  of de te rgen ts  
by ex t rac t ion  of L D L  wi th  ether-ethanol  in the p resence  of 
6 M g u a n i d i n e  and  at  low t empe ra tu r e .  The phys ica l  p roper t i e s  
of apoB m a y  be s tud ied  in v a r i o u s  d e n a t u r i n g  solvents.  I n  
a g r e e m e n t  wi th  tlle f indings  of Smi th  et al., the  m i n i m u m  
molecular  we igh t  of apoB appea r s  to be 250 ,000 ;  however ,  the  
apopro te in  readi ly  unde rgoes  self-associat ion.  The apopro te in  
re ta ins  the biological p rope r ty  of b ind ing  to the  L D L  recep to r  
on fibroblasts and  of be ing  in terna l ized  and  deg raded  by  these 
cells in a m a n n e r  a n a l a g o u s  to that  of L D L .  Since apoB is 
a glycoprotein,  the  role of the ca rbohydra t e  in the  b i n d i n g  
ef apoB to the p lasma  m e m b r a n e  receptor  w a s  assessed.  The  
ca rbohydra te  was  largely  removed f rom L D L  by digest ion wi th  
glycosidases  f rom Diplococc~ls pneurno~iae, and  such  L D L  
bound to the fibrohlast receptor  in a m a n n e r  ind i s t ingu i shab le  
f rom na t ive  L D L .  Alternate ly ,  del ipidated apoB w a s  d iges ted  
extens ively  wi th  t ryps in  plus  P r o n a s e .  I f  the  r e s u l t i n g  glyeo- 
pept ides  had  any  measu rab l e  affinity for  the fibroblast  receptor ,  
then thei r  p resence  should cause  an  inh ib i t ion  of the  b i n d i n g  
of r ad io iod ina ted  L D L  to the  fibroblast. The absence of such  
inl~ibition is f u r t h e r  evidence that  the ca rbohydra t e  moie ty  of 
apoB does not  pa r t i c ipa t e  in  the  b ind ing  of th is  p ro te in  to i ts  
receptor .  As a consequence of the  b i n d i n g  of L D L  to the  
fibroblast and  of its subsequen t  in te rna l iza t ion ,  there  is " d o w n  
r egu l a t i on"  of receptors ,  a suppres s ion  of H M G  CoA reduc ta se  
act ivi ty ,  and  an enhancemen t  of A C A T  ac t iv i ty  w i th in  the  
cell. By  contrast ,  i ncuba t ion  of f ibroblasts  wi th  apoB resu l t s  
in an  e n h a n c e m e n t  of cholesterol syn thes i s  f rom ~dC-aeetate 
and  an  inc rease  in  the  n u m b e r  of p l a sma  m e m b r a n e  recep tors  
for this  apoprote in .  An associated depletion of in t race l lu la r  
cholesterol appa r en t l y  resul t s  f rom a ne t  t r a n s f e r  of cholesterol 
out of the cell where  it p r e s u m a b l y  is bound  by apoB in the  
medium.  Thus ,  in con t ras t  to most  pept ide  hormones  which  
direct ly  regu la te  the n u m b e r  of the i r  p lasma  m e m b r a n e  re- 
( 'eptors, ap~B indirec t ly  regula tes  the  n u m b e r  of i ts  receptors  
th rough  i ts  de l ivery  to (or  removal  f rom)  the cell of cholesterol.  
ApoB m a y  also be proteolyt ical ly cleaved into pept ide  f r a g m e n t s  
of v a r y i n g  size by the act ion of t ryps in  on na t ive  L D L .  P a r -  
t ially t ryp t i c  d iges ted  L D L  m a y  be delipidated,  the apoB 
pept ides  solubilized in  6 M u r e a  and  c h r o m a t o g r a p h e d  on the  
Sepharose  6B. A pa r t i a l  resolut ion of pept ides  in accordance  
wi th  size resul ts .  A m o n g  these  pept ides  a re  some which  bind. 
to the L D L  receptor ,  as well  as  pept ides  which  r e t a in  ce r t a in  
of the immunolog ic  p roper t i es  of in tac t  apoB.  A f u r t h e r  
cha rac te r i za t ion  of these pept ides  hopefully will help in under -  
s t a n d i n g  the p roper t i es  of apol ipoprote in  B.  
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G L U T A T I h I O N E  A N D  N I T R O G E N  P R O T E C T  A P O L I P 0 -  
P R O T E I N  B F R O M  A G G R E G A T I O N .  DIA~rA M. LEE, WU 
H.  KUO, and  HEDIO MAEDA, Ok lahoma  Medical  Resea rch  
Founda t ion ,  825 NE 13th St.,  Ok lahoma  City, O K  73104.  

LDL.~ (d  1 .030 -1 .040  g / m l )  p r e p a r a t i o n s ( C )  were  isolated 

f r o m  f resh  h u m a n  p lasma  to which  E D T A ,  penicil l in,  s trep-  
tomycin,  NaN3 and  D F P  had  been added.  LDL2 p r e p a r a t i o n s ( T )  
were  also isolated f r o m  fresh  p l a sma  to which  g lu ta th ione  
( 0 . 0 5 % )  was  added  in addi t ion  to the o ther  p re se rva t ives .  The 
la t ter  LDL,_,(T) were  kep t  u n d e r  N~. D u r i n g  s to rage  a t  4 C 
the  solut ion of L D L e ( C )  became cloudy and  g r a d u a l l y  f o r m e d  
precipi ta te .  I n  contras t ,  the  solut ion of L D L e ( T )  r e m a i n e d  
t r a n s p a r e n t  for  m a n y  months .  ApoLDL,_,(T) w a s  completely 
soluble in  6 M guan id ine -HC1-Tr i s  buffer  c on t a in ing  dithio- 
threi tol  in con t ras t  to pa r t i a l  solubil i ty of apoL D L . - ( C) .  The  
reduced  ApoB solutions were  c h r o m a t o g r a p h e d  on a ca l ib ra ted  
Sepharose  CL-6B u s i n g  g u a n i d i n e - c o n t a i n i n g  buffer  ( s a t u r a t e d  
wi th  No) for  elution.  0 n l y  a small  a m o u n t  of A p o B ( T )  w a s  
eluted at  the void vo lume;  two m a j o r  p e a k s  were  eluted wi th  
d i s t r ibu t ion  coefficients of 0 .076 a n d  0.18 which  cor responded  
to M W  108,000 and  93,000.  I n  cont ras t ,  the  ApoB f rom 
L D L c ( C )  w a s  eluted e i ther  p r e d o m i n a n t l y  or  completely at  the 
void  vo lume depend ing  on the  s to rage  t ime  of i ts  p a r e n t  LDL.~. 
On SDS-po lyac ry lamide  ( 1 0 % )  gel electrophoresis ,  the  re- 
duced,  carboxymethyla ted ,  and  CuU+-treated A p o B ( T )  ( I t u a n g  
and  Lee, Circulation 5 7 : I I I - 9 4  [ 1 9 7 7 ] )  as well as L D L ~ ( T )  
and  apoLDL.2(T)  m i g r a t e d  into the  reg ion  of an  a lbumin  d imer  
for  ApoB, whereas  ApoB f rom L D L e ( C )  or apoLDL,. , (C) did 
not  en te r  the gel. All p r e p a r a t i o n s  of A p o B ( T  and  C) could he 
conver ted  into a water-soluble  f o r m  by Cu z§ t r ea tmen t ,  bu t  th i s  
did not  a l ter  the i r  d i s t r ibu t ion  coefficients on gel f i l t ra t ion or  
the i r  e lectrophoret ic  mobil i t ies.  These  resu l t s  sugge s t  t ha t  oxida- 
t ion of l ipids  a n d / o r  p ro te in  of LDL,_,(C) m a y  be o c c u r r i n g  
slowly d u r i n g  the  isolat ion process,  even  in the  p resence  of 
E D T A ,  and  c rea t ing  h ighe r  molecular  we igh t  a r t i f ac t s  of ApoB 
of lower solubility. The  use  of g lu ta th ione  and  N,_, on L D L  
min imized  the a g g r e g a t i o n  and  enhanced  the  solubil i ty of ApoB 
la ter  in d e n a t u r i n g  a ge n t s ;  Cu 2+ t r e a t m e n t  i n c r e a s e d  the  
solubil i ty of ApoB in aqueous  buf fe rs  bu t  d id  not  decrease  i ts  
molecular  we igh t .  
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C H A R A C T E R I Z A T I O N  OF  TI-IE L P ( a )  L I P O P R O T E I N .  
JOHN J .  ALBERS, N o r t h w e s t  L i p i d  Resea rch  Clinic, U n i v e r s i t y  
of W a s h i n g t o n ,  326 9th Ave.,  Seattle,  W A  98104.  

The L p ( a )  l ipoprotein [ L p ( a ) ] ,  also called the  s i n k i n g  pre-B 
l ipoprotein,  w a s  ini t ial ly cons idered  to be a genet ic  v a r i a n t  
of B or  low dens i ty  l ipoprotein  ( L D L )  p r e se n t  in  ca. 3 5 %  
of the  caucas i an  popula t ion  de t e r mine d  by  a s ingle  au tosomal  
d o m i n a n t  gene.  Q na n t i t a t i ou  of L p ( a )  by  a sens i t ive  radio- 
i m m u n o a s s a y  ind ica tes  tha t  L p ( a )  is p resen t  in nea r ly  all 
i nd iv idua l s  though i ts  concen t ra t ion  v a r i e s  widely  a m o n g  in- 
d iv idua l s  ( 0 . 3 - 1 1 0  m g / d l ) .  Q u a n t i t a t i o n  of L p ( a )  in essen- 
t ially all first  degree  re la t ives  in  42 fami l ies  sugges t s  tha t  
the  concent ra t ion  of L p ( a )  is de t e rmined  by  a polygenic  
me c ha n i sm .  Cholesterol f eed ing  in fou r  subjec ts  resul ted  in an  
inc rease  in  L D L  and  apoB w h e r e a s  L p ( a )  r e m a i n  essent ia l ly  
constant .  Thus  L p ( a )  a p p e a r  metabol ical ly  independen t  of B 
l ipoprotein  even though  it  sha res  the same  s t r u c t u r a l  prote in ,  
apoB.  Subjec ts  who had. a m y c a r d i a l  i n f a r c t i on  at age  ~ 5 0  
had  h i g h e r  levels of L p ( a )  t h a n  the  n o r m a l  popula t ion.  Thus ,  
h igh  levels of L p ( a )  a p p e a r  to be associa ted  wi th  p r e m a t u r e  
c o r o n a r y  disease.  Cons is tent  w i th  th is  hypothes i s  l ~ I - L p ( a )  is  
avid ly  t aken  up  by h u m a n  a r t e r i a l  smooth musc le  cells in 
culture.  
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P L A S M A  A N D  U R I N A R Y  L I P O P R O T E I N S  A N D  A P O L I P 0 -  
P R O T E I N S  I N  H U M A N  N E P H R O T I C  S Y N D R O M E .  V.G. 
SHORE, L a w r e n c e  L i v e r m o r e  Labora to ry ,  U n i v e r s i t y  of Califor- 
nia,  P O  Box 5507, L ive rmore ,  CA 9 4 5 5 0 ;  T.M. FORTE, 
L a w r e n c e  Berke ley  Labora to ry ,  U n i v e r s i t y  of Ca l i fo rn i a ;  I t .  
LICHT, and  S.B.  LEWIS, N a v a l  Reg iona l  Medical  Center ,  
Oakland ,  CA. 

P l a s m a  and  u r i n a r y  l ipopro te ins  w e r e  cha rac te r i zed  to 
e lucidate  possible abnormal i t i e s  associa ted  wi th  e levated p l a sma  
v e r y  low dens i ty  ( V L D L )  a n d / o r  low dens i ty  ( L D L )  lipo- 
p ro te ins  and  decreased  h igh  dens i ty  l ipoprote ins  ( H D L )  in 
nephro t ic  h u m a n s .  L i p i d u r i a  is not  re la ted  quan t i t a t i ve ly  to 
concen t ra t ion  or d i s t r ibu t ion  of p l a s m a  l ipoproteins .  At  low 
and  h igh  output ,  u r i n a r y  l ipids are  associa ted  in  p a r t  w i th  
soluble l ipoproteins ,  of which H D L e ,  HDL3,  and  L D L  are  
m a j o r  and  V L D L  and  I D L  m i n o r  species.  U r i n a r y  l ipoproteins ,  
the  co r r e spond ing  p l a sma  l ipoproteins ,  a n d  no rma l  l lpoproteins  
a re  v e r y  s imi l a r  in  par t ic le  size a n d  morphology  as  seen in  
electron m i c r o g r a p h s .  They  a re  s imi la r  also in  e lectrophoret ic  
mobility, except  tha t  the mobi l i ty  of u r i n a r y  V L D L  is slow, 
and  in reac t ion  wi th  an t i s e r a  to n o r m a l  L D L  and  H D L .  The  
in tac t  p ro te in  moiet ies  and  apol ipoprote ins  isolated by  D E A E -  
cellulose c h r o m a t o g r a p h y  and  isoelectric focus ing  w e r e  ex- 
a m i n e d  by  analy t ica l  po lyac ry lamide  gel e lectrophoresis  and  
isoelectric focus ing  wi th  dens i tomet r i c  scann ing ,  amino  acid  
analys is ,  and  immunodi f fus ion .  P l a s m a  V L D L  are  not  deficient  
in apoC's ,  and  the a p o C I I  to a p o C I I I  r a t io  is w i t h i n  the  n o r m a l  
r ange .  ApoB is p r e se n t  in  u r i n a r y  V L D L ,  I D L ,  and  L D L .  
P l a s m a  H D L 2  and  H D L z  conta in  a h ighe r - than -norma l  propor-  
t ion of mino r  apol ipoprote ins  CI,  C I I ,  and  C I I I .  U r i n a r y  
H D L 2  and  H D L 3  conta in  apoAI ,  a p o A I I ,  and  a h i g h  p ropor t ion  
of three  acidic p ro te ins  tha t  r eac t  w i th  an t i s e r a  to no rma l  
H D L  and  are s imi l a r  to a p o C I I  and  a p o C I I I  in  molecular  
we igh t  and  isoelectr ie  points ,  bu t  v e r y  di f ferent  in  amino  acid 
composi t ion.  These  resu l t s  ind ica te  tha t  large,  as well as small  
l ipoprote ins  a re  fil tered and  lost  in the  u r i n e  in  nephros is ,  
tha t  changes  in l ipoprote in  comnosl t ion occur  in  the  process ,  
and  tha t  the  hype r l i pop ro t e inemia  is not  due to loss of the  
l ipase ac t iva to r  a p o C I I .  (Th i s  w o r k  w a s  p e r f o r m e d  u n d e r  the  
ausp ices  of the  U.S .  D O E  by  L L L ,  u n d e r  con t rac t  no. 
W- 7405 - E N G - 48 . )  
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R A P I D  I N S T R U M E N T A L  T E C H N I Q U E S  F O R  T H E  A N A L -  
Y S I S  O F  V O L A T I L E S  I N  S A L A D  D R E S S I N G S .  M.G. 
LEGENDRE, E .T.  RAYNER, W . H .  SOHULLER, and H . P .  DuPuY,  
Sou the rn  Reg iona l  Resea rch  Center ,  U S D A ,  P C  B o x  19687,  
New Orleans ,  L A  70179.  

Simple techniques  a re  descr ibed  for  the  ana lys i s  of ne u t r a l  
volati les in sa lad  d re s s ings  by d i rec t  g a s  c h r o m a t o g r a p h y  or 
by a combina t ion  of d i rec t  g a s  c h r o m a t o g r a p h y  and  m a s s  
spec t romet ry .  F o r  g a s  c h r o m a t o g r a p h i c  analys is ,  a g lass  inlet  
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liner of the gas chromatograph is prepared with a salad dressing 
sample and placed in the injection port, where the combined 
action of heat, water, and carrier-gas flow sweep the volatiles 
from the sample to the gas chromatographic column. Acidic 
volatiles are retained by potassium carbonate in the liner 
below the sample. The spent liner is removed, and the column 
oven is temperature programmed to resolve the volatiles. For  
mass spectrometric identification of volatiles, a liner is placed 
in an external closed-inlet assembly equipped with a sodium 
sulfate condenser that removes moisture from the volatiles and 
permits effective identification of the neutral  volatile compounds. 
With this technique, the aldehydes, ketones, alcohols, esters, and 
sulfur-containing compounds of fresh and aged salad dressings 
are identified. Certain volatiles such as aldehydes and ketones 
increase dur ing  storage and may be indicative of product 
stability, 
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GAS CHROMATOGRAPHy.iYIASS S P E C T R O M E T R Y  OF 
Ceo--so MYCOLIC ACIDS FROM MYCOBACTERIA AND 
RELA TED  ACID-FAST BACTERIA.  SEIKO TORIYAMA, IEUYA 
YANO, MASAMIK1 MASUI, EMI KUSUNOSE, and MASAMICHI 
KUSUNOSB, Department  of Bacteriology, Osaka City Universi ty 
Medical School Asahimacbi-1, Abenoku, Osaka, Japan .  

Mycolic acids are unusually high molecular weight 3-hydroxy 
fatty acids possessing a long chain alkyl branch at  the 2- 
position and known to be a specific constituent of glycolipids 
or cell wall skeletons of Mycobacteria, Nocardia, and Coryne- 
bacteria. The physiological properties of the cell walls in Myco- 
bacteria are reported to relate profoundly to the s tructures of 
mycolic acids. To obtain precise information about the func- 
tions of the individual molecular species of mycolic acids, 
analysis by gas chromatography seemed to be essential. Recently, 
we have developed gas chromatography-mass spectrometry (GC- 
MS) analysis of such types of fatty acids ranging  from Cad to 
C~s from various acid fast  bacteria. :I~owever, the GC-MS anal- 
ysis of longer chain mycolic acids than CTo was extremely 
difficult, owing to their instability at high temperatures.  More 
recently, we have succeeded in the GC-MS analysis of CTo-so 
mycolie acids from the various s trains of t rue Mycobacteria. 
By this method, the molecular species of methyl mycolate were 
separated as their trimethylsilyl (TMS) derivatives, according 
to their total carbon and double bond numbers. The total carbon 
and double bond numbers were determined from the molecular 
ions [M] +, ions due to [M-15] +, [M-43] +, [M-47]+, and 
[M-90J+, etc. On the other hand, the straight  chain s tructures 
were identified by the mass f ragment  ions [A]+ due to C~-Cs 
cleavage; {R'CH-O-Si-(CH~)z] + for monocarboxy mycolic acids 
or [CH30-CO-R.CH-O-Si-(CHz)a]+ for dicarboxy mycolic acids, 
and the branched chain structures were identified by the mass  
fragment  ions [B]  § due to C~-C~ cleavage [(CHd)s-SiO-CH- 
CH(R' ) -COOCHd]  +, On the basis of the molecular species com- 
position, each species of mycobacteria was shown to possess a 
characterist ic profile in mood- and dicarboxy mycolie acid com- 
position. This GC-MS analysis of mycolic acid molecular species 
gives one of the most powerful informative tools for the 
chemotaxouomy of mycobacteria. We also describe the change 
in mycolic acid composition dur ing  growth, temperature change, 
and the presence of antitubereulous isoniazide. 

]2 I  
ANALYSIS  OF CURED MEAT FLAV01~ VOLATIL]~S BY 
D I R E C T - S A M P L I N G  GAS CHROMATOGRAPHY-MASS SPEC- 
TROMETRY. M.E. BA1LEu Depar tment  of Food Science and 
Nutrition, Universi ty of Missouri, Columbia, MO 65211; M.G. 
LEG~NDRE, and H.P .  DUPUu Southern Regional Research Cen- 
ter, USDA, PO Box 19687, New Orleans, LA 70179. 

The rapid gas chromatographic food-sampling procedure of 
Dupuy and co-workers was used with mass spectrometry to 
study volatiles from cooked bacon and ham cured with va ry ing  
levels of sodium nitrite and without nitrite. The chromatographic 
profile of cooked, lean bacon (L. dotal muscle) processed 
without nitrite was qualitatively similar to that of bacon cured 
with 1,000 ppm sodium nitrite. Quantitat ive profiles were 
different, and low molecular weight volatiles from bacon with- 
out nitri te were more concentrated than those treated with 
nitrite. Dur ing  storage, hexanal and 2-pentylfuran increased 
and nonanaI decreased in samples not cured with nitrite. After  
storage at 4 C for 1 week, nitri te did not affect volatiles from 
bacon drip. Results from ham were similar to those from 
bacon, indicating that nitri te retarded oxidation in both products. 
The rapid GC food-sampling procedure can be used for mea- 
sur ing the flavor quality of bacon and similar cured meats 
during processing, storage, and distribution. 

] 2 2  
I D E N T I F I C A T I O N  OF ENZYMIC REACTION P R O D U C T S  
BY R A P I D  U N C O N V E N T I O N A L  METHODOLOGY.  ALLEN 
d. ST. ANGELO and MIOHAEL G. LEGENDICE, Southern Regional 
Research Center, USDA, PO Box 19687, New Orleans, LA 
70179. 

Peanut  and soybean lipoxygenase were used to catalyze the 
oxidation of linoleic acid and methyl linoleate in aqueous re- 
action mixtures to form hydroperoxides. Aliquots of the reaction 
mixtures, without prior time-consuming extractions or chemical 
modifications, were placed directly into the heated or nonheated 
injection system, and monitored by rapid unconventional direct 
gas chromatography and combined gas chromatography/mass  
spectrometry. When the reaction mixtures of peanut  enzyme 
and substrate were analyzed at room temperature,  only hexanal 
was found. However, at elevated temperatures,  several major  
and minor components were identified. Similar results were 
found when the mixtures  of the soybean enzyme and substrate 
were analyzed at elevated temperatures.  These data show that 
this unique approach can be used as an efficient, accurate, and 
rapid technique for direct examination of volatile reaction 
products catalyzed by enzymes under  va ry ing  conditions. 

123 
A S I M P L E  P R O C E D U R E  FOR T H E  Q U A N T I T A T I V E  EX- 
TRACTION OF L I P I D S  FROM ANIMAL T I S S U E S .  F. 
PHILLIPS and O.S. PRI?ETT, The Hormel Institute,  Univers i ty  
of Minnesota, 801 16th Ave. NE, Austin, MN 55912. 

A method is described for the quanti tat ive extraction of lipid 
from animal tissues with chloroform-methanol (C /M)  that 
eliminates secondary purification of the lipid extract by dextran 

gel chromatography or aqueous washing of the organic extract. 
Nonlipid substances that contaminate C/M extracts are separated 
by pre-extraction of the tissue with dilute, ca. 0 .25%, aqueous 
acetic acid. The concentration of acetic acid should be such 
to give a final extract with a pH  between 4 and 4.4. :Ho~ 
acetic acid is used with some tissues to prevent enzymatic 
hydrolysis. The residual tissue is extracted twice with 40 
volumes of C/M (1:1,  v / v ) .  Approximately 97% of the lipid 
is recovered in these extractions. A third extraction with C/M 
(1:1,  v / v )  is performed if the procedure is discontinued at 
this stage in a shortened version of the method, which gives 
yields of ca. 9 8 % .  The remainder  of the lipid is recovered 
after t reatment of the tissue with I N HCl by two additional 
extractions, the first with 40 volumes of C/M (1 :2 ,  v / v ) ,  and 
the second with 40 volumes of methanol. The extended proce- 
dure Gives compiete extraction of the lipid including the 
Gangliosides, free of nonlipid substances. 
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SOME R E S U L T S  FROM AN I U P A C  STUDY ON T H E  
L I P O X Y G E N A S E  CATALYZED D E T E R M I N A T I O N  OF POLY- 
U N S A T U R A T E D  FATTY ACIDS.  OSTEN LXVlN, Margarin-  
bolaget AB, Fack, S-104 25 Stockholm, Sweden. 

Within the Commission on Oils, Fats  and Derivat ives  of 
IUPAC the feasibility of quanti tat ive determination of fat ty 
acids with cis-cis-l,4-pentadienoic structure has been studied by 
collaborative testinG. A number of enzyme preparations ran~ing 
in activity from a few thousand units up to half a million 
units per mg have been studied. With the exception for the 
preparat ion of lowest specific activity, they have all been found 
suitable. I t  has been found necessary to use a calibration curve 
at the determinations, ra ther  than to adopt a fixed value for 
the specific absorbance of the hydroperoxide formed. I t  has 
also been noticed that the measured absorbance around 235 nm 
Generally is influenced by the mechanical handling of the 
enzyme containing solution of a saponified oil sample. Also, 
the molar absorbance of the hydroperoxide formed at the 
enzymatic reaction usually seems lower than expected according 
to earlier l i terature data. 
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E V A L U A T I O N  OF O X I D A T I V E  DETEI~IOP~ATION O1~ O I L S  
AND FOODS BY M E A S U R E M E N T  OF U L T R A W E A K  
C H E M I L U M I N E S C E N C E .  RIICHIRO USUKI, TAKASHI KANEDA, 
AKIO YAMAGIS]KI, CHOICI-II TAKYU, and HU~[IO INABA, Faculty 
of Agriculture, Tohoku University, 1-1 Amamiyamachi-Tsutsu- 
midori, Sendal, Japan.  

I t  has been known for several years that the oxidation of 
organic materials is accompanied by emission of weak chem- 
iluminescence. However,  it was difficult to detect this emission 
quantitatively. The present study was undertaken to evaluate 
the oxidative deterioration of oils and foods by using the single 
photoelectron counting system, which was designed for the 
measurement  of ultraweak chemiluminescence. Measurement 
procedure of chemiluminescence is as follows: a quartz cell 
(50 X 10 X 43 ram) is filled with sample oil and set in an 
oven at controlled temperature.  The output pulses of the photo- 
multiplier, the number of which corresponded to the intensity 
of the chemiluminescence, are processed by several electronic 
circuits, then measured by a digital counter and a digital 
printer .  Several thermally oxidized soybean oils were prepared. 
and those chemical characteristics and chemiluminescence were 
measured. The results showed that the increase of emission 
counts was closely correlated to the oxidative deterioration of 
oils. For example, oil heated for 32 hr  showed AV of 2.01. 
COV of 304, I V  of 96, and emission counts of 22193, while 
nonheated oil showed 0,046. 3, 1~9. and 728, resuectively. A 
similar  rela ' ionship was observed fro' soybean oil in which 
potatoes were fried, autooxidized soybean oil, instant  Chinese 
noodles, and milk powder. This new method has a great  ad- 
vantage for the measur ing of food duality by unskilled persons 
in a short time without pretreatment.  Accordingly. various ap- 
plications to other foods, food additives, and antioxidants are 
expected. 
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Q U A N T I T A T I V E  E S T I M A T I O N  OF L I P I D S  BY T H I N  
LAYER-FLAME I O N I Z A T I O N  DETECTOR CHROMATOGRA- 
PHY.  TOSHIHIRO ITOH, ]~r TANAKA, and HIROSHI 
KANEKO, Division of Chemistry, School of General Studies, 
Kitasato University, 1-Asamizodai, Sagamihara ,  Kanagawa  228, 
Japan .  

Various  neutral and polar lipid samples were separated on 
the silica gel-sintered quartz rod by thin layer chromatography. 
These developed rods were scanned automatically through the 
Iatroscan analyzer (Model TFG-10, Ia t rou  Lab., Tokyo) which 
was equipped with a hydrogen flame ionization detector. Neutral 
lipid mixtures (sterol, free fatty acid, triglyceride, and sterol 
ester) could be well resolved to the respective component on 
a silica gel-sintered rod by developing with petroleum ether:  
ethyl ether :glacial acetic acid mixture. Detector response of each 
component was found to be linear over a range of 2-10 ~g 
loads with the maximum SD of about 5 % .  Polar lipid mixtures  
(eardiolipin, phosphatidyl ethanolamine, phosphatidyl choline, 
sphingomyelin, and so on) could be analyzed with practically 
the same efficiency as described for neutral  lipids using ehloro- 
fo rm:me thanohwate r  mixtures. The method was conveniently 
applied to analyzing the relative amount of nonpolar lipid, 
phospholipid, and glycolipid in a mixture of total lipid extract. 
In  addition, it was found that a reagent- impregnated silica gel- 
sintered rod could greatly facilitate the estimation of certain 
lipid mixtures. The silver nitrate impregnated silica gel rod 
was powerful for separation of molecular species of triglyceride 
and phosphatidyt choline. Boric acid impregnated silica gel 
rod enhanced resolution of neutral lipid mixtures  containing 
1-mouoglyceride, 2-monoglyceride, 1,2-diGlyceride, 1,3-diglyceride, 
triglyceride, as well as free fat ty  acid. Finally, tbe application 
of alumina- and florisil-sintered quartz rod for quantitative 
analysis of lipid composition was also investigated. 
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A S I M P L E  MATHEMATICAL CORRECTION FOR NON- 
L I N E A R I T Y  OF O P T I C A L  D E N S I T Y  IN  THE QUANTITA- 
TION OF T H I N  LAYER CHROMATOGRAMS OF L I P I D S  
BY P H O T O D E N S I T O M E T R Y .  DONALD T. DOWNINa and 
ANNA M. S'I~RANIER.I, Department  of Dermatology, College of 
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Medicine, Un ive r s i t y  of Iowa, Iowa City, IA  52242. 
Several  p rev ious  inves t iga tors  have shown that  the light- 

sca t te r ing  character is t ics  of thin layer chromatographic  (TLC)  
media produce a non l inear  re la t ionship  between the quant i t i es  
of mater ia l  in ehronaatographie spots and their  optical density.  
Wi th  photodensi tometers  cal ibrated aga ins t  a l inear  optical 
densi ty s tandard ,  accurate  quan t i t a t ion  by TLC requires  ei ther 
extensive use of reference compounds or ad jus tment  of the 
photodensi tometer  response electronically or mathematical ly.  Pub- 
lished mathemat ica l  corrections based on the Kubelka-Munk 
expression for l ight -sca t :er ing  media are complex and require  
a computer  facility. In  the present  s tudy it was found that  
mathemat ical  cm'reetion is readi ly  achieved by a form of tri- 
angula t ion  in which the height parameter  is ad jus ted  ex- 
ponent ial ly  before calculat ion of peak area. This  manipula t ion ,  
performed with an inexpensive electronic calculator, provided 
a l inear  re la t ionship  between amount  of l ip id  ehromatographed 
and the adjus ted  areas of peaks in the photodensi tometr ie  scans 
of the acid-charred ehromatograms.  Fur thermore ,  when ex- 
pressed in terms of the carbon content  of the lipids,  the 
cal ibrat ion l ines of all of the l ipids  were coincident.  
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T H E  D E T E R M I N A T I O N  OF M I C R O A M O U N T S  OF I R O N  IN 
FATS AND O I L S  BY ATOMIC A B S O R P T I O N  S P E C T R e -  
P H O T O M E T R Y .  H.tRrO HIRAYA.~Lr ZENYA SHI.~fODA, and 
MaSAHIKO HII;VCI~r, JOCS Committee of Fats  and Oils Anal- 
ysis, e /o  Yushi  Kogyo Kaikan,  3-13, 3-chorea Nihonbashi  
l'~dobashi, Chuo-ku, Tokyo 103, J apan .  

A rapid  and precise metlmd for the de te rmina t ion  of i ron  
in fats  and oils has been studied. The sample is decomposed 
by dry-ash procedure with filter paper-wick. The ash is dis- 
solved in hydroehh)rie acid and directly atomized into the 
air-acetylene flame, and the absorbanee was measured at 248.3 
nm. The effect of the ash ing  technique on the recovery of i ron  
from representa t ive  stocks is discussed. The proposed method 
was evaluated with respect to recovery and reproducib i l i ty  by 
car ry ing  out collaborative studies on the samples which were 
prepared  by add ing  known amounts  of i ron to soybean eli. 
The resul ts  thus  obtained showed good agreement  wi th  the 
theoretical  values  and also agreement  with flameless atomic 
absorption spectrophotometry results.  The l imi t  of detection 
with this  procedure is 0.10 ppm. 
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P O L Y U N S A T U R A T E D  FATTY A C I D S  OF H U M A N  NEO- 
P L A S T I C  T I S S U E S .  E I J I  AEAKI, NOBUO OKAZAIKI, Nat ional  
Cancer Center, Tsuk i j i  5-1-1, Chuo-ku, Tokyo, 104, J a p a n ;  and 
TOSHIO ARIGA, Tokyo Metropol i tan In s t i t u t e  of Medical Science, 
Tokyo, J apan .  

Po lyunsa tu ra t ed  fa t ty  acids of h u m a n  neoplast ic  t issues and 
the corresponding normal  t issues were analyzed by combinat ion 
gas l iquid  chromatography and chemical ionizat ion mass 
spectrometry-computer  system. Chemical ionizat ion mass spec- 
t rometry  has been denmnstra ted  to be useful  not  only for the 
molecular weight  de te rmina t ion  but  also for tile s t ruc tu ra l  
e lucidat ion of po lyunsa tu ra ted  a n d / o r  long chain fa t ty  acids. 
Applied to the po lyunsa tu ra ted  fa t ty  acids of hepatocel lular  
carcinoma, these methods have given character izat ion of un- 
physiological  isomers of such fa t ty  acids as Cme, Cla:2, Cls:_~ 
(3) ,  Cxs:3, C~,:e, C19:3 (2) ,  Ceo:a, C._,o:~, and C~:3. Among  those 
fa t ty  acids, C2o:an-9 was detected in  ca. 7 0 %  of the t issue of 
hepatoeel lular  carcinoma. This  unphysiological  isomer was  only 
detected in pa t ients  wi th  hepatoeel lular  carcinoma, who had 
alpha fetoprotein in  the i r  sara, and was demonstra ted to be 
preserved in those hepatoma t issues t r ansp lan ted  in  a thymic 
nude mice over 25 t r a n s p l a n t  generat ions,  while the concentra- 
t ion of l inoleic acid in the l iver  was h igher  in nude  mouse 
than  in humans .  I t  appears,  therefore, tha t  the synthesis  of 
Ceo:an-9 is one of the essential  metabolic aber ra t ions  of h u m a n  
hepatoma, qui te  independen t  of nu t r i t i ona l  condit ions.  
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C O M P O S I T I O N  0 F  D I E T A R Y  F A T  AND T U M O R  IN- 
C I D E N C E .  IAN J.  TINSLEY, JOleIN A. SellMITZ, and pv t rbn ,  
D. WI-IANGER, Depar tment  of Agr i cu l tu ra l  Chemistry,  Oregon 
State Univers i ty ,  Corvallis,  OR 97331. 

The effect of the composit ion of d ie tary  fat  on tumor  incidence 
and development is somewhat uncer ta in  despite ~he common 
conclusion tha t  po lyunsa tu ra ted  fats  tend to enhance tumor  
incidence a n d / o r  development.  I n  this  study, s ta t is t ical  tech- 
n iques  wil l  be used in an at tempt  to establish the cont r ibu t ion  
of the cons t i tuent  fa t ty  acids in the development  of spontaneous  
mammary  tumors  in the Call  mouse. The l ip id  ( 1 0 % )  of the 
20 different  diets is comprised of ei ther one of eleven different  
fa ts  and oils (lard, beef tallow, butter ,  coconut, olive, cotton- 
seed, corn, safflower, linseed, rapeseed, span)  or combinat ions  
of these fats  and oils. These combinat ions  were selected such 
tha t  the levels of the major  fa t ty  acids (12 :0 ,  14:0 ,  16:0 ,  18 :0 ,  
18:1 ,  18:2 ,  18:3 ,  20 :1 ,  and 2 2 : 1 )  va r i ed  over a reasonable 
range  and were not  s ignif icant ly  correlated wi th  one another.  
At  this  stage in  the s tudy (all  animals  at least  12 months  on 
exper iment)  tumor  incidence var ies  f rom 11 .5% in  mice fed 
a diet con ta in ing  1 0 %  rapeseed oil (h igh  erucic acid) to 4 3 . 2 %  
in  mice fed a diet con ta in ing  10% cottonseed oil. Time to tumor  
is longest  in  mice fed the diet con ta in ing  1 0 %  olive oil. (Sup- 
ported by P .H.S .  g ran t  no. CA 20998.)  
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E F F E C T  OF D I E T A R Y  P R O T E I N  AND F A T  ON F E C A L  
S T E R O L S  AND B I L E  A C I D S  IN T H E  RAT AND H A M S T E R .  
N. TOTANI, M.E. MO.~ISEN. and J .R.  CI~IPAULT, The Hormel  
Ins t i tu te ,  U n i v e r s i t y  of Minnesota,  801 16th Ave. NE, Aust in ,  
MN 55912. 

The h igher  incidence of colon cancer in  western popula t ions  
tha t  eat meat, compared to vege ta r i an  groups,  is believed to he 
due to the h igher  amounts  of more h ighly  degraded sterols and 
bile acids found in  the feces of meat ea t ing  groups.  These fecal 
s teroids are s t ruc tu ra l ly  related to the carcinogenic  aromat ic  
polycyclic hydrocarbons.  Al though analysis  of feces from h u m a n s  
on meat or vege ta r i an  diets tends to suppor t  this  hypothesis,  no 
exper imenta l  data  u s i n g  well defined and controlled diets have  
been presented.  Ra t s  and  hamsters  were placed on fat-free 
diets con ta in ing  ei ther extracted beef protein,  pur i f ied soy pro- 
tein, or casein as the sole source of protein.  After  4 months  
each diet was  modified by subs t i t u t i ng  isocalorical ly ei ther  beef 

fat  or soybean oil for a por t ion of the carbohydrate.  All the 
modified diets contained 15% of fat. Fecal sterols and bile 
acids were determined per iodical ly  by th in  layer and gas chro- 
matography.  Die ta ry  fa t  had li t t le effect on the excretion of 
d ie tary  sterols but  it increased fecal copro-sterols der ived from 
die tary  sterols by in tes t ina l  bacteria .  Fecal  7-dehydroeholesterol 
which has been reported to he carcinogenic  was unaffected or 
s l ight ly decreased by die tary  fat. Bi le  acids in ra ts '  feces were 
increased when beef fat  or soybean oil was  added to the beef 
protein  diet. I n  the other groups,  bile acids in  both ra t s '  and 
hamsters '  feces were decreased when the fats  were in  com- 
b ina t ion  wi th  protein.  The same was t rue  for l i thocholic acid 
which is regarded as a carcinogen.  Sterols, inc lud ing  7-dehydro- 
cholesterol, and bile acids, i nc lud ing  li thocholic acid, were 
highest  in the feces of an imals  on the completely vege ta r i an  
diets con ta in ing  soybean protein.  
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L I P I D  M E T A B O L I S M  I N  A F L A T O X I N -  A N D / O R  O R A L  
C O N T R A C E P T I V E - T R E A T E D  RATS.  LILLA AFTERG00D, 
ANNE ROGEL, ROSLYN B. ALFIN-SLATER, School of Publ ic  
Health,  U n i v e r s i t y  of California,  Los Angeles, CA 90024. 

The effect of an oral contracept ive ( 0 C ) ,  wi th  and wi thou t  
aflatoxin (A),  on tumor  format ion  and l ipid metabolism has 
been s tudied in female rats.  OC was in t roduced ei ther d u r i n g  
the induct ion  of the tumor  by A or d u r i n g  the t umor  develop- 
ment  fol lowing the d i scont inua t ion  of A. Analyses were per- 
formed at  3, 6, 9, and 12 months.  Food consumption was 
s l ight ly decreased when A was present  in the diet and also 
fol lowing the d i scont inua t ion  of A. Tbis  effect was at  t imes 
enhanced by the presence of OC. Body weight  was decreased 
d u r i n g  the 0C t rea tment  bu t  r e tu rned  to control values  af ter  
OC was discont inued.  L ive r  weight  expressed as percent  of 
body weight  was the highest  at 12 months  in  the A-treated rats  
wi thout  OC. P la sma  cholesterol and  tocopherol levels general ly 
increased fol lowing A treatment ,  whereas they were decreased 
by OC admin i s t ra t ion .  Cholesterol was increased in  l ivers  con- 
r a in ing  hepatomas, pa r t i cu la r ly  d u r i n g  OC t reatment .  Hepat ic  
cholesterol biosynthesis  was increased, whereas fa t ty  acid bio- 
synthesis  was decreased in A-treated rats.  I n  general,  the 
admin i s t r a t ion  of 0 C  either d u r i n g  the in i t i a t ion  or d u r i n g  the 
development of tumors  d iminished  the extent and severi ty of 
carcinogenesis.  (Suppor ted  by g ran t  no. 1 R01 CA 20938 
from Nat iona l  Cancer Ins t i tu t e . )  
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E F F E C T  OF A F L A T O X I N ,  I N G E S T E D  W I T H  CORN 0 I L ,  ON 
H E P A T I C  M I C R O S O M A L  C Y T O C H R O M E  P-450 L E V E L S  IN 
RATS.  ANAtlID CR~CSLIUS, Depar tmen t  of Needs and Nut r i t ion ,  
Cal i forn ia  State Polytechnic  Univers i ty ,  Pomona,  3801 W. 
Temple Ave., Pomona,  CA 9 1 7 6 8 ;  L. AFTI~RGOOD, and R.B.  
AI, FIN-SI~ATER, U n i v e r s i t y  of Cal i fornia ,  Los Angeles, CA 
90024. 

Female W i s t a r  s t r a in  ra ts  were placed at  wean ing  on 5 %  
corn oil diet (C) or on the same diet  wi th  1.7 ppm  of 
af latoxin B (CA) for  3 months.  After  3 months af la toxin sup- 
p lementa t ion  was d iscont inued and each group was d iv ided into 
four  d ie tary  subgroups,  namely, (a)  con t inu ing  on 5 %  corn 
oil (C or CA),  (b) corn oil replaced with 5 %  lard  (L or LA) ,  
(c) corn oil replaced wi th  2 .5% lard  and 2 .5% corn oil (LC 
or LCA) ,  and (d) fat-free diet  ( F F  or F F A ) .  At 12-13  
months  of age the animals  were killed and hepat ic  mierosomal 
protein, cytochrome P-450, and plasma and l iver  cholesterol 
levels were determined.  I t  was expected tha t  both dietary 
aflatoxin and type of fat  win  influence hepatic  cytochrome P-450 
levels significantly.  The calculated values show no s tat is t ical ly  
s ignif icant  difference between the groups  fed corn oil, lard, 
or a cmnbinat ion of the two or when aflatoxin was added to 
the diet. Hepat ic  mierosomal pro te in  levels were low when 
compared with publ ished values for normal  rats.  The low 
protein  levels may be due to fa t ty  inf i l t ra t ion  of the l iver.  
Plasma cholesterol levels were h igh  in all the groups  but  highest  
in those on the corn oil and corn oil wi th  af latoxin diets. The 
incorpora t ion  of af latoxin to the diet made a s ta t is t ical ly  sig- 
nif icant  difference in animals  given la rd  in the diet. L iver  
cholesterol levels were h igher  in  animals  fed la rd  and fat-free 
diets. The incorpora t ion  of af latoxin to the diet affected the 
l iver  cholesterol levels of animals  on corn oil and fat-free diets 
significantly.  
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L I P I D  M O B I L I Z A T I O N  IN L Y M P H O M A - B E A R I N G  MICE.  
SIIINICI~II KITADA, JA~IES F. MEAD, and ESTHER F. HAYS, 
Labora tory  of Nuclear  Medicine and Rad ia t ion  Biology, 900 
Veteran Ave., Los Angeles, CA 90024.  

1-~4C-Linoleic acid was fed to heal thy AKR mice, and the 
resu l t ing  labeled adipose t issue was t r ansp lan ted  into the 
peri toneal  cavi ty  of age-matched lymphoma-bear ing and control 
AKR mice. Signi f icant  amounts  of rad ioac t iv i ty  were found 
after  3 days in liver, thymus,  and lymph nodes in lymphoma- 
bear ing  mice, whereas only negligible amounts  of r ad ioac t iv i ty  
were found in l iver  and thymus  of control mice. I n  thymus,  
which was almost total ly replaced by lymphoma cells, the radio- 
act iv i ty  was found to be about  9 0 %  in  the phosphol ip id  frac- 
tion. These resul ts  are consistent  with the idea tha t  l ip id  
mobil izat ion is t ak ing  place in the lymphoma-bear ing mice and 
that  t r iglyceride fa t ty  acids from adipose t issue are f u r n i s h i n g  
fat ty acids for membrane  synthesis  and possibly for energy in  
the g rowing  tumor  cells. 
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M O L E C U L A R  D I S O R G A N I Z A T I O N  OF P L A S M A  MEM- 
B R A N E  L I P I D  B I L A Y E R  OF CANCER C E L L S .  KINYA 
t~OIZU.MI, NAOKI YAMANAKA, and KAZUO OTA, Labora to ry  of 
Chemotherapy, Aichi Cancer Center Research Ins t i tu te ,  Nagoya, 
464. Japan .  

Recently, l ipid components in  membrane  were repor ted to 
be impor tan t  to the u n d e r s t a n d i n g  of cell abnormali t ies .  There.  
fore, we focused on the demons t ra t ion  of the molecular  dis- 
organiza t ion  of l ipid bi layer  of isolated plasma membranes  (PM)  
from cancer cells ( ra t  hepatomas.  L1210  leukemia cell). The 
resul ts  were as follows. (a) Mieroviscosi ty  of t umor  PM 
determined us ing  D P H  probe was  lower than  those of the 
cor responding  normal  cells. The decrease in microviscosl ty  was 
related to molar  ra t io  of cholesterol to phosnhol ip id  ( P L )  a n d / o r  
to phasmalogen content.  (b) The analysis  of P L  composit ion 
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was  as fol lows:  ( i )  inc reases  in % of sph ingomye! in  and  
e thano lamine  "ohospholipid ( E P )  in total  P L - P :  ( i i )  a decrease  
in % of choline phosphoglycer ide  ( C P ) ;  ( i i i )  a decrease  in  
ra t io  of C P / c h o l i n e  phosphos~hing 'os ide and  an increase  in  E P /  
choline phospholipid.  (e)  Phospho l ipase  A, lysophospholipase,  
and  ]yso-PL aey l t r an s f e r a se  ac t iv i t ies  which  rela te  to P L  
metabol i sm were  found  to be al tered.  These  resu l t s  ind ica te  tha t  
P L  metabo l i sms  of P M  are  i m p o r t a n t  to u n d e r s t a n d i n g  the  
molecular  d i so rgan iza t ion  of m a l i g n a n t  t u m o r  PNL 
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I N C R E A S E  OF  A N T I T U I ~ I O R  E F F E C T  OF  D R U G S  B Y  C E L L  
M E M B R A N E  M O D I F I C A T I O N S .  NAOKI YAMANAKA, TAKE- 
TOSHI KATO, and  KAZUO OTA, L a b o r a t o r y  of Chemotherapy ,  
Aichi Cancer  Center  Resea rch  Ins t i tu t e ,  Nagoya ,  464, J a p a n .  

E x t e n s i v e  s tudies  a re  now in p rog re s s  to kill  cancer  cells 
specifically t h r ough  cell m e m b r a n e .  W e  t r ied  to impr ove  the  
effect of cancer  chemothe rapy  by  m e m b r a n e  modif icat ions,  and  
the resul t s  of our  s tudies  revealed  the  fol lowing fac ts .  ( a )  
By m o d i f y i n g  lipid components  in membrane ,  affinity of d r u g s  
aga in s t  cancer  cells w a s  i m p r o v e d ;  w h e n  the  content  of cho- 
lesterol ester  in m e m b r a n e  w a s  increased ,  the  sens i t iv i ty  a g a i n s t  
Ampho te r i c in  B w a s  accelerated.  (b) V i t a m i n  A w a s  effective 
in m o d i f y i n g  cell m e m b r a n e ;  the combina t ion  of V i t a m i n  A 
wi th  lysoleci~hin or b i scocIaur in  alkaloid,  c e p h a r a n t h i n e  w a s  
useful  in labilizin~ cell m e m b r a n e  and  w a s  effective in  in- 
c r ea s ing  the sens i t iv i ty  a g a i n s t  cancer  d r u g s  such  as 5-Fu.  (c)  
L iposome w a s  effective as a c a r r i e r  of d rugs ,  (d)  A n t i t u m o r  
ant ib iot ics  such as neocarz inos ta t in ,  mac romomyc in ,  and  
s p o r a m y c i n  were  effective in  d a m a g i n g  cells t h rough  cell mem-  
b rane  modif icat ion.  The  above-descr ibed f ind ings  are  also im- 
po r t an t  in  c l a r i fy ing  the  specifici ty of cancer  cells. 
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S Y N T H E S I S  A N D  A N T I M I C R O B I A L  A C T I V I T Y  O F  D E R I -  
V A T I V E S  OF  P O L Y O X Y E T H Y L E N E  A L K Y L P H E N Y L  
E T H E R .  SHOICHIRO WATANABR, TSUYOSHI UCKIBORI, and  
KAzuo KAWADA, D e p a r t m e n t  of Chemis t ry ,  F a c u l t y  of H y g i e n i c  
Sciences,  K i t a sa to  Un ive r s i t y ,  Asamizoda i  1, S a g a m i h a r a - s h i ,  
K a n a g a w a - k e n ,  228, J a p a n .  

Some de r iva t i ve s  of polyoxyethylene nonylphenyl  e ther  ( P O E )  
were  p r e p a r e d  by in t roduc t ion  of cer ta in  func t iona l  g r o u p s  
(i.e., amino,  ni tro,  formyl ,  carboxyl,  hydroxymethyl ,  etc.)  into 
the a r o m a t i c  nucleus .  T h o u g h  the  de r iva t i ve s  ( I )  con t a in ing  
func t iona l  g r o u p s  such as a m i n o  or  carboxyl  a re  s t r uc tu r a l l y  
ionic, the i r  su r f ace  ac t iv i ty  comes f r o m  the i r  nonionic  moie t ies  
n a m e l y  the  polyoxyethylene and  a lkylphenyl  g roups .  The  deri- 
va t ives  ( I I )  h a v i n g  a ni tro,  formyl ,  or hydroxymethy l  g r o u p  
a re  nonionic .  S u r f a c e  t ens ions  of the  aqueous  solut ions of the  
de r iva t i ve s  ( I  and  I I )  were  as low as those of the  s t a r t i n g  P O E .  
Some of the de r iva t i ve s  ( I )  showed h i g h  an t imic rob ia l  ac t iv i ty .  
The ac t iv i ty  of the  de r iva t i ve s  ( I I )  w a s  not as h igh  as of 
de r iva t ives  ( I ) .  I t  was  observed tha t  the de r iva t i ve s  which  
showed an t imic rob ia l  ac t iv i ty  w e r e  m u c h  more  adsorbed on 
bac te r ia  t h a n  the  s t a r t i n g  P O E .  I t  w a s  concluded tha t  poly- 
oxyethylene a lkylphenyl  e thers  can show an t imicrob ia l  ac t iv i ty  
w h e n  ce r ta in  func t iona l  g roups ,  such as a fo rmyl  group ,  are  
i n t roduced ;  th is  seemed to fac i l i ta te  the adsorp t ion  of the 
s u r f a c t a n t  on bac te r ia .  
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O R G A N O S U L F U R  C O M P O U N D S  AS P E R O X Y G E N  A C T I V A -  
T O R S .  JOSEPH H. FINLEY, FRED ~CHOLER, JOHN BLUMBERGS, 
BURT BAUM, GAYLEN BRUBAKER, CHARLES LUTZ, and ANDY 
GALLOPO, F M C  Corpora t ion ,  P O  Box  8, P r ince ton ,  N J  08540.  

Ac t iva to r s  a re  o rgan i c  compounds  tha t  enhance  b leaching  by  
pe roxygen  compounds  in low t e m p e r a t u r e  ( < 6 0  C) l a u n d e r i n g .  
Because  of the  c u r r e n t  wor ldwide  t r e n d  t o w a r d  lower l a u n d e r i n g  
t empera tu re s ,  there is a g r o w i n g  need for  ac t iva tors ,  pa r t i cu l a r l y  
in Europe .  I n  response  to th is  need, EMC has  developed severa l  
novel classes of ac t i va to r s  h a v i n g  the gene ra l  s t r u c t u r e :  RSOzL,  
where  R is an  o rgan i c  r ad ica l  and  L is a labile g roup .  In-  
cluded in these  classes a r e :  sulfonyl  f luorides,  sulfonic  anhy-  
drides,  carboxyl ic-sulfonic  anhydr ides ,  sul fonyl  asides,  a lpha 
disulfones,  phenylsu l fonates ,  and  N-sulfonyl imidazoles .  This  
pape r  s u m m a r i z e s  the  s t r u c t u r e s  and  proper t i es  of these  novel  
ac t iva to r  compounds  and  d iscusses  the p e r f o r m a n c e  t e s t ing  pro-  
g r a m  used  at FMC to de te rmine  the i r  commerc ia l  potent ial .  
Inc luded  in this  p r o g r a m  were  s ta in  r emova l  tes ts  i nvo lv ing  
a v a r i e t y  of common s ta ins ,  a s sessment  of ac t iva to r  s tabi l i ty  
in fo rmula t ions ,  and  v a r i o u s  o ther  tests.  Severa l  of the  com- 
pounds  h a v e  exhibi ted excellent s ta in  remova l  efficacy and  
s tabi l i ty  in d r y  bleach fo rmula t ions .  The  p r e s u m e d  mode  of 
ac t iva t ion  by sulfonyl  ac t iva to r s  will also be discussed.  I t  is 
t hough t  tha t  persn l fon ic  acids  ( R S O e 0 0 H )  are  fo rmed  as the  
ini t ia l  p roduc t s  in b l each ing  solutions by a sequence of reac-  
t ions r ep re sen t ed  by  equa t ions  1-3 .  

1. NAB03 2_ H 2 0  ~ NAB02 + H~02 
2. H202 + O H -  ~ - - 0 0 H  + H ~ 0  

0 
IT 

3. R S L  + - O O H  ~ R S O 2 O O H  + L -  
II 
0 

Pe r su l fon i c  acids  canno t  be detected chemical ly in  b leach ing  
solutions at no rma l  U.S.  l a u n d e r i n g  t e m p e r a t u r e s  (40 C) .  
H o w e v e r ,  resul t s  of severa l  exper iments ,  inc lud in~  the  f ind ing  
tha t  azide ion (N3-) is fo rmed  m u c h  more  r ap id ly  in a lka l ine  
solutions con ta in ing  pe rbora te  than  in i ts  absence,  supply  in- 
d i rec t  evidence that  pe rsu l fon ic  acids a re  formed.  
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A D S O R P T I O N  O F  A S U R F A C T A N T  ON Tt:[E B U B B L E  
S U R F A C E  B Y  F O A M  F R A C T I O N A T I O N .  ISAO MARUISlC[I, 
Osaka  P r e f e c t u r a l  I n d u s t r i a l  Resea rch  Ins t i tu t e ,  2-1-53, Enoko-  
j ima,  Nishi-ku.  Osaka ,  550, J a p a n .  

The  adsorp t ion  of p-nony] phenyl  poly (oxyethylene)  e ther  
( E O  5 to 50 moles)  f r o m  the aqueous  solution con t a in ing  the  
s u r f a c t a n t  in  v a r l o u s  concen t ra t ions  w a s  s tud ied  by  a foam 
f r ac t iona t ion  method.  A i r  w a s  bubbled t h rough  the  solution in 
a g lass  column ( 3 0 r  X 500 m m )  at a cons tan t  flow r a t e  (150  
c m S / m i n ) ,  and  the  concen t ra t ion  of the  s u r f a c t a n t  in  the  
collapsed foam w a s  measu red .  The resu l t s  were  as fol lows:  
(a )  The adsorp t ion  of the  s u r f a c t a n t  on the bubble su r f ace  
was  found  to come to equ i l ib r lum in 2 or 3 sec, and  the  
adsorp t ion  i so the rm w a s  conf i rmed to be in good a g r e e m e n t  

wi th  the L a n g m u i r  equat ion.  (b) The  adsorp t ion  a m o u n t  showed 
a m a x i m u m  va lue  w h e n  the  n u m b e r  of e thylene oxide added 
w a s  about  10 moles, and  decreased  s l ight ly in the  r a n g e  of 
10 to 50 moles. 
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S O A P - B A S E D  D E T E R G E N T  F O R M U L A T I O N S  : X X V I .  
F O R M U L A T I O N S  O F  S O A P - L I M E  S O A P  D I ~ P E R S A N T  
C O M B I N A T I O N S  W I T H  B U I L D E R S  A N D  I N O R G A N I C  
S A L T S .  W . R .  NOBLE a n d  W.M.  LINFIRLD, E a s t e r n  Reg iona l  
R e s e a r c h  Center ,  U S D A ,  600 E.  ~ I e r m a i d  Lane ,  Ph i lade lph ia ,  
P A  19118.  

T h e  effects of v a r i o u s  types  of bu i lders  a n d  electrolytes on 
the  de t e rgency  of blends of ta l low soap and  l ime soap d i s p e r s i n g  
agen t s  ( L S D A )  were  s tudied.  The  L S D A s  were  an  an ion ic  
s u r f a c t a n t  ( su l fa ted  ta l low a lkano lamides )  and  ampho te r i c  sur-  
f a c t a n t s  of the  su l fobeta ine  and  be ta ine  types.  B u i l d e r s  w e r e  
t r i s o d i u m  n i t r i lo t r i ace ta te  ( N T A ) ,  sod ium t r ipo lyphospha te  
( S T P P ) ,  t r i s o d i n m  2 -oxa - l , l , 3 -p ropane t r i ca rboxy la t e  ( O P T ) ,  
sod ium silicate, and  a commerc ia l  syn the t ic  sod ium zeolite. T h e  
amphote r i c  L S D A s  were  vas t ly  supe r io r  to anionlcs .  They  offered 
g r e a t e r  flexibil i ty in  choice of bui lder ,  a m o u n t s  of L S D A  a n d  
i n o r g a n i c  filler in  de te rgen t  fo rmula t ions ,  and  p e r f o r m e d  as  
well as or be t te r  t h a n  commerc ia l  phospha te  de te rgents .  
Ampho te r i c  blends in  wh ich  the  only bu i lde r  w a s  a sod ium 
sil icate were  s u p e r i o r  to commerc ia l  phospha te  de te rgents .  A 
reduc t ion  in  the  a m o u n t  of ampho te r i c  L S D A  f r o m  1 0 - 1 5 %  
to 4 - 5 %  w a s  possible w h e n  e i ther  NTA,  O P T ,  or  S T P P  w a s  
used as a bui lder .  Whi le  incorpora t ion  of l a rge  a m o u n t s  of  
sod ium sul fa te  into these f o r mu la t i ons  r educed  de tergency,  per-  
f o r m a n c e  was  still close to tha t  of commerc ia l  phospha te  deter- 
gents .  N T A  or O P T  w a s  a more  effective bu i lde r  for  an ion ic  
L S D A  f o r mu la t i ons  t h a n  for  amphote r i c  fo rmula t ions .  Anion ic  
L S D A  fo rmula t ions  bui l t  w i th  these m a t e r i a l s  p e r f o r m e d  almost  
as well as amphote r i c  L S D A  formula t ions .  General ly ,  the  
amphote r i c  fo rmula t ions  were  more  to le ran t  of i n e r t  fillers and  
v e r y  h igh  concen t ra t ions  of h a r d n e s s  ions t h a n  w e r e  the  
anionics .  The synthe t ic  sod ium zeolite w a s  not  an  effective 
bui lder  in s o a p - L S D A  type de te rgents .  
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P R O P E R T I E S  O F  A Q U E O U S  S O L U T I O N S  OF  A L K O X Y -  
P R O P Y L A M I N E  S U R F A C T A N T S .  YOSHIO NEMOTO a n d  
HIROYUKI FUNAHASHI, N a g o y a  Mun ic ipa l  I n d u s t r i a l  R e s e a r c h  
Ins t i tu te ,  3 - 2 4  Rokuban-cho,  Atsn ta -ku ,  Nagoya ,  J a p a n .  

A lkoxypropy lamines  ( I I )  h a v i n g  a homologous  ser ies  of 
a lkoxy hyd roca rbon  cha in  were  synthes ized  as fol lows:  

R 0 H  ~- CH2 = C H C N  ~ R O C H 2 C H 2 C N  
( i )  

( I )  + 2He  ~ ROCt t2CHzCH2NH~ 
( I I )  

I I  is charac te r i zed  by  the  exis tence of one oxygen  a tom in the  
hyd roca rbon  chain.  Nonionics  ( I I I )  and  cat ionics  ( I V )  de- 
r ived  f r o m  I I  w e r e  more  hydrophi l ic  t h a n  those f rom s t r a i g h t  
cha in  a lky l amine ;  the  hyd roca rbon  cha in  h a v i n g  one oxygen  
a tom cor responded  to a hyd roca rbon  cha in  c on t a in ing  approx-  
imate ly  3 ~ 4 f ewer  carbon  atoms.  This  fac t  w a s  conf i rmed 
by the m e a s u r e m e n t  of su r f ace  tension,  wet t ing ,  foam height ,  
solubil ization,  etc. The  hydrophi l ic  n a t u r e  of these s u r f a c t a n t s  
migh t  be i m p o r t a n t  especial ly in special  i ndus t r i a l  appl ica t ions .  
Fo r  example  I V  (e.g., me thoxy  dimethyl  benzyl a m m o n i u m  
chloride)  w a s  found  to be an  excellent m i g r a t i n g  agen t  for  
the  dye ing  of acryl ic  fiber. 

] 4 2  
U L T I M A T E  B I O D E G R A D A B I L I T Y  O F  A L C O H O L  E T H O X Y -  
L A T E S :  S U R F A C T A N T  C O N C E N T R A T I O N  A N D  P O L Y -  
O X Y E T H Y L E N E  C H A I N  L E N G T H  E F F E C T S .  L.  KRAVRTZ, 
K.F .  GUIN, W.T.  SHEBa, and  H .  CHU'NG, Shell Deve lopmen t  
Company,  P O  Box 1380, Hous ton ,  T X  77001.  

An u l t ima te  b iodegradab i l i ty  shake  f lask s t udy  of a de t e rgen t  
r a n g e  alcohol ethoxylate  has  been m a d e  at  rea l i s t ic  levels (2 
nag/ l )  found  in mun ic ipa l  was t e  t r e a t m e n t  and  at h i g h e r  load- 
ings  (15 and  1000 m g / l )  such as m i g h t  be found  in a spill 
s i tua t ion .  Radiolabeled alcohol e thoxylates  were  used to fac i l i ta te  
fol lowing thei r  fa te  to b iodegrada t ion  products .  Unlabeled  
l inear  alkylbenzene su l fonates  ( L A S )  and  l~C-labeled glucose 
were  also inc luded for compar ison .  Alcohol e thoxylates  w e r e  
found  to b iodegrade  r ap id ly  and  ex tens ive ly  to C02 a n d  w a t e r  
at 2, 15, and  1000 rag/1 levels, at  r a t e s  which  were  only s l ight ly 
dependen t  on concent ra t ion .  The polyoxyethylene cha ins  were  
found  to deg rade  as extens ively  as the  alcohol e thoxylates  as 
a whole a l though sl ight ly slower.  C13 L A S  b iodegraded  more  
slowly t h a n  the alcohol e thoxylates  pa r t i cu l a r l y  at the  h i g h e r  
concen t ra t ions  s tud ied  whe re  cell g r o w t h  s tudies  ind ica ted  tha t  
C~3 L A S  w a s  bacter ios ta t ic .  R a d i o t r a c e r  s tudies  in  which  C02 
and  02 u p t a k e  w e r e  moni to red  s imul taneous ly  p rov ided  evi- 
dence which  sugges t s  tha t  the  in i t ia l  microbia l  a t t ack  on alcohol 
e thoxylates  occurs  n e a r  the hydrophobe-hydrophi le  junc t ion .  
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A C Y L G L U T A M A T E  ( A G S )  A N D  I T S  A P P L I C A T I O N  :FOR 
A L L E R G E N  C O N T R O L .  H .  NAKAYAMA, Sa i se ika i  Cen t ra l  
Hospi ta l ,  1-4-17, Mita ,  Mina toku ,  Tokyo,  J a p a n ;  a n d  M. 
TAKEHARA, Aj inomoto  Co., Inc . ,  Yokohama ,  J a p a n .  

Sod ium N-acy lg lu tamate  ( A G S )  is a newly  developed deter- 
g e n t  de r ived  f r o m  g lu t amic  acid  and  m a i n l y  C1~ and  C~8 f a t t y  
acids.  Sa fe ty  eva lua t ion  tests  on a n ima l s  i n c l u d i n g  LD5o, sub- 
acute  toxicity,  sk in  i r r i t a t i on  in  d i f ferent  vehicles,  sk in  sensi t iza-  
tion, phototoxici ty,  photosensi t iza t ion,  i r r i t a t i on  on i n j u r e d  sk in  
and  eye i r r i t a t i on  tes ts  were  p e r f o r m e d  in compar i son  w i t h  o ther  
k i n d s  of de tergents ,  such as sod ium laury l  su l fa te  ( S L S ) ,  l i nea r  
a lkylbenzene su l fonate  ( L A S ) ,  soap,  etc. The  resu l t s  showed 
tha t  AGS -~vas s ign i f ican t ly  less i r r i t a t i n g  t h a n  S L S  and  L A S .  
S imi l a r  resu l t s  w e r e  obta ined by  closed pa tch  tes ts  on h u m a n  
sk in  and  cytotoxici ty  tests  u s i n g  cu l tu red  h u m a n  ep idermal  
cell line es tabl ished as JTC-17 .  I n  addi t ion,  AGS is f r ee  of 
o r d i n a r y  contac t  a l lergens,  and  is w e a k l y  acidic  ( p H  5 - 6 ) ,  
s imi la r  to no rma l  h u m a n  s k i n ;  as a resul t ,  A G S  seems n o t  
to help a l lergens  p e n e t r a t e  into the  sk in  even  w h e n  con- 
t a m i , a t e d  w i t h  a l lergens.  The  p roper t i e s  men t ioned  above h a v e  
m a d e  AGS sui table  for  the  dermato logica l  pa t i en t s  who  h a d  
been su f f e r ing  f r o m  r e c u r r e n t  de r ma t i t i s  induced  by  cosmetics  
and  toiletr ies.  As the  de r ma t i t i s  w a s  not  expected to re lapse  
as long as the pa t i en t s  used the  de te rgen ts  and  cosmet ics  

J .  A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L .  5 6 )  193A 



containing no responsible contact allergens, such detergents and 
cosmetics were designated Allergen Control System (ACS) ,  
and they were evaluated clinically as to the effectiveness in 
stopping the recrudescence of dermatitis.  AGS was selected as 
the detergent for ACS, and 75% of pigmented cosmetic 
dermatitis,  which had been regarded as almost incurable, w a s  
proved to be curable or greatly improved by this new t reatment .  
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A N A L Y S I S  FOR C A R B O X Y M E T H Y L O X Y S U C C I N A T E  
(CMOS) IN ENVIRONMENTAL SAMPLES. E~GEN~ MONES 
and JOAN G. BARROWS, Lever Brothers, Edgewater,  NJ.  

CMOS was introduced into a package contact stabilization 
treatment plant in a trai ler  park  in Lake Elmo, Minneapolis, 
by supplying CMOS-containing laundry product to the residents. 
The study was run  for a period of ten weeks, from J u n e  to 
September. Samples were taken throughout the plant  and  
analyzed by a gas liquid chromatographic (GLC) method (Aue 
et al., J. Chroma togr. 72:259)  adapted for detection of CMOS 
from environmental samples in the ppb range. Sewage samples 
(100 ml) were acidified, filtered, and absorbed onto an ion 
exchange column (AG1X2 adjusted to pH 6).  CMOS was eluted 
with 2M formic acid and evaporated to dryness with low heat. 
Conversion to the tributyl ester was accomplished by the addi- 
tion of butanol-HC1. After removal of the butanol, the samples 
were diluted in chloroform and analyzed on a Hewlet t -Packard 
5840 gas chromatograph using 6 ft glass columns with 10% 
DexsiI 300 on Chrcmosorb W H P .  The columns were temperature  
programmed from 200-250 C. A GLC run is completed in 16 
rain. Modification of the GLC method allows one to distinguish 
between tributyl citrate and tributyl CMOS. Influent levels of 
CMOS reached a maximum of 4.7 ppm, while effluent levels 
reached a maximum of ca. 0.4 ppm, indicat ing 90% or better 
degradation. 
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E N G I N E E R I N G  AND D E S I G N  OF OVERSEAS PLANTS.  
C. LOUIS KINGSBAKER, Chemical Plants  Div., Dravo Corp., 
Pit tsburg,  PA. 

The engineering and design of overseas plants require a 
detailed study of the country and its prevail ing laws and methods 
to be used by the engineering contractor to perform the work. 
The background of the engineers selected for these projects 
must be carefully evaluated to fit the needs of the country 
and project. Construction of oilseed plants will also be reviewed. 
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B I D D I N G  AND E X P O R T I N G  E Q U I P M E N T  FROM T H E  
U N I T E D  STATES. WILLIAM A. BARGEI~, French Oil Mill 
Machinery Co., Piqua, OH. 

Abstract not available at press time. 
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BUDGETING AND PURCHASING IN FOI~EIGN COUN- 
TRIES. JOHN E. HEILMAN, Continental Grain Co., New York, 
NY. 

The effect of high inflation, devaluating local currencies, 
government  import restrictions and incentives, duties, etc., on 
costs and purchas ing will be discussed. The "atmospher ics"  of 
purchasing will be discussed. 

148 
MODERN O I L S E E D  P R O C E S S I N G  P L A N T S  OVERSEAS.  
WILLIAM FETZ~R, 0il  Milling Division, Buhler Bros., Uzwil, 
Switzerland. 

There are a variety of multiseed plants in operation besides 
plants built exclusively for the processing of one specific oil- 
seed. Large  plants have been built mainly for the processing 
of soybeans, whereas multiseed plants are still of ra ther  small 
scale. The layout for a soybean plant has undergone a steady 
movement in order of scope with new technology and environ- 
mental requirements.  Multiseed plants are located mainly over- 
seas and are of growing importance in developing countries. 
The layout for the seed preparat ion is discussed in regard  to 
single and multiseed plants, considering reliability and main- 
tenance aspects. 
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P H Y S I C A L  CONSTRUCTION OVERSEAS.  HAROLD J. 
SA~qDV'IG, Cargill, Inc., Minneapolis, MN. 

Topics discussed include: selection of contractors and sup- 
pliers; adjus t ing to local building codes, customs, and practices;  
adjust ing to budding materials available, mainta in ing quality 
s tandards;  types of construction contracts most workable; and 
honoring contracts, honoring time table/completion dates. 
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START-UPS O U T S I D E  T H E  USA. LESLIE WATXI~rS, Ander- 
son, Clayton & Co., Houston, TX. 

Abstract  not available at press time. 
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OCCURRENCE AND S T R U C T U R E  OF N O V E L  GLYC0-  
L I P I D S  IN R I C E  B R A N  OIL.  Y. FUJINO, M. OHN]SHI, a n d  
T. MIYAZAWA, Department  of Agricultural  Chemistry, 0bihiro 
University, 0bihiro, Hokkaido, Japan .  

Systematic studies were carried out on neutral  lipids, phos- 
phelipids, and glycolipids of rice bran oil. This paper reports 
on the occurrence and structure of some novel glycolipids. 
Glycoglyeerolipids : I n  addition to the commonly occurring 
monoglycosyl-, sulfoquinovosyl-, and diglycosyldiglycerides, two 
new compounds were identified as 8-trigalactosyl(~l '-3)- and 3- 
tetragalactosyi ( Bl'-3 ). 1,2 -diacyl-sn.glycerol. Glycosterols: Cello- 
biosyl(/~l'-3)-B-sitosterol and eellotrios:~l(/~l'-3)-l~-sitosterol were  
identified among the commonly oceurrmg sterylglycosides, such  
as the monoglycosyl- and. acylmonoglycosyl sterol. Glycosphingo- 
lipids: none-, di-, tri-, and  tetraglycosylceramides were detected 
and the unique s t ructure  established as glucosyl(fl l ' - l)-N- 
hydroxyarachidoyl- and cellobiosyl ( ~1 ' -1 ) -N-hydroxylignoceroyl- 
octadecasphinga-44rans-8.cis-dienine. Distr ibution of these nove l  
glycolipids in plant lipids and their functional significance need  
fur ther  study. 
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AN I M P R O V E D  M E T H O D  FOR T H E  ACID VALUES OF 
R I C E  BRAN OIL.  YASUHIK0 TA~r~.S~TA, Kokushikan Uni- 
versity, Department  of Engineering,  4-28-1, Setagaya, Setagaya- 
ku, Tokyo, 154, Japan .  

The official method ( JAS)  for acid value (AV) specifies 
phenolphthamin ( P P )  as indicator. Other indicators such as 
alkaliblue-6B (AB) are permitted as alternates, i n  the case 
of rice bran oil a large difference was noted between the 
use of the two indicators, viz., AV of 0.20 with P P  and 0.03 
with AB. Wheat and corn germ oils also gave a nearly double 
value with PP .  No differences between P P  and AB were 
noted witll refined soybean oil or rapeseed oil. The discrepancy 
was found to be due to the occurrence of minor phenolic com- 
pounds su,'h as Ierrulic acid tri terpenoid in rice bran oil. 
l~elining reduced the difference to 0.1. On the basis of these 
ooservations JAS  has adopted AB as the indicator for rice bran 
oil, 

l S 3  
L I P I D  COMPOSITION OF OATS (AVINA 8ATIVA L.) .  
MADHU R. SAPIASRABUD~IE, Food Research Institute,  Agriculture 
Canada, Hort iculture Building, r C.E. FARM, Ottawa, 
Ontario K1A 0C6, Canada. 

Compositions of lipids extracted from a sample of Hinoat  
oat by seven solvent systems and that extracted with chloroform- 
methanol (2 :1  v / v )  from six selected cultivars represent ing high 
and low lipid contents are reported. Lipid eomponents (steryl 
esters, triglycerides, partial  glyeerides, free fat ty acids, glyco- 
lipids, and phospholipids) were separated by silicic acid column 
chromatography and thin layer chromatography and quantitated 
by gas liquid chromatography analysis of fat ty acids and phos- 
phorus determinations. Twelve oat cultivars were examined 
for the fatty acid composition of lipid extracted with n-hexane. 
Lipids extracted from Hinoat  by different solvent systems 
ranged from 5.6 to 8 .8%.  Quanti tat ive distribution of lipid 
components extracted with chloroform-methanol from six culti- 
oars containing 4.6 to 11.6% lipid showed a significant cor- 
relation ('y : 0.99) between the total lipid and the neutral  
lipid content. Phospholipid content was similar in all cultivars, 
but glycolipids showed a twofold increase in high lipid oats. 
Triglycerides contained less palmitic and more oleic acid than 
the glycolipids or phospholipids. Nine glycolipids and eleven 
phospholipids have been identified, and the polar lipid com- 
position of Hinoat  oat is presented. 
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E X T R A C T A B I L I T Y  OF W H E A T  F L O U R  L I P I D S  BY SOL- 
VENTS THAT VARY IN S O L U B I L I T Y  PARAMETERS.  O.K. 
CB:UNG, Y. PO~IEI~ANZ, U.S. Grain Market ing Research Labora- 
tory, USDA, 1515 College Ave., Manhattan,  KS 66502; and 
R.M. JACOBS, Depar tment  of Biochemistry, Kansas  State 
University.  

Lipids were extracted with hexane, acetone, and 2-propanol 
(and their aqueous binary azeotropes) and with benzene from 
a flour that contained 1.2, 7.2, or 13.8% moisture. Total ex- 
tracted lipids were highly correlated ( r  -~ 0.970) with the 
solubility parameter  (~) of the extractant.  Extractabili ty in- 
creased little from increase in flour moisture content. The high 
correlation was pr imari ly  from an increase in polar lipids from 
21.9 to 91.2 mg /10  g flour. The increase in nonpolar lipids 
from 63.4 to 83.1 rag/10 g flour was less consistent. Among 
the nonpolar components, amounts of extracted free fat ty  acids 
increased with increase in flour moisture and of extracted mono- 
glycerides increased with increase in the 5 value of extractants.  
Among the polar components, extraction of digalactosyldiglyc- 
erides increased most significantly and consistently with in- 
crease in 6. Lysophospholipids and trigalactosyldiglycerides 
were unextracted by hexane or benzene but were extracted by 
acetone, 2-propanol, or their aqueous azeotropes. 
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L I P I D - P R O T E I N  CONCENTRATES FROM S A F F L O W E R  EX- 
P E L L E R  CAKE. C.K. LYoN and G.O. KOHLER. Western 
Regional Research Center, USDA, Berkeley, CA 94710. 

Safflower seed is usually processed by pro-pressing and 
hexane extraction. Lipid-protein concentrates were prepared 
from the pre-press expeller cake, which contains about 15% 
oil and 20% protein, by extraction with aqueous alkali, then 
co-precipitation of oil and protein in the extract with acid. 
In  the laboratory, using hammer  mills or high-shear homog- 
enizers, concentrates were obtained containing up to 4 7 %  fat  
and 4 6 %  protein. In  the pilot plant, the best extraction, using 
an attrition mill, yieIded concentrates containing 4 2 %  fat  and 
4 6 %  protein. Fibrous residue af ter  extraction of the expeller 
cake contained as low as 4% fat  and 7 %  protein, in the 
laboratory, and 12% fat  and 7% protein, in the pilot plant. 
Phenolic glucosides which contribute to bitterness and cathartic 
activity in safflower meal were absent in the concentrates. 
Loaves of bread with 10% of the wheat flour replaced by 
safflower lipid-protein concentrates had acceptable properties 
and contained up to 4 0 %  more protein than the controls. 
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N U T R I T I O N A L  E V A L U A T I O N  OF R I C E  BRAN AND RIOE 
BRAN F R A C T I O N S  USING RAT AND C H I C K  BIOASSAYS.  
A.A. BETSCHART, R.M. SAUNDERS, M.R. GUMBMANN, Western 
Regional Research Center, USDA, Berkeley, CA 94710; and 
F. t t .  KRATZER, Depar tment  of Avian Sciences, Univers i ty  of 
California, Davis, CA. 

Full-fat and defatted rice bran and various fractions were 
evaluated by male weanling Sprague-Dawley rats, and chicks. 
I n  28-day studies with rats  in which rice bran was fed at 
levels to provide 10% protein in the diet, the Protein Efficiency 
Ratios ( P E R )  of unheated and heat-treated rice bran were 
1.59 and 1.66, respectively. Neither P E R  nor pancreas weights 
were significantly affected by heat treatment.  Fract ionat ien of 
rice bran by various methods produced fractions with improved 
nitrogen (N) digestibility and PER.  Rice bran fractions con- 
ta ining 16--70% protein (N X 5.95),  11--50% crude fat, and 
B - 5 %  ash were prepared by various procedures. P E R  of these 
fractions ranged from 2.2--2.5 (casein corrected to 2.5) with 
N digestibility -~87% as opposed to ~ 5 0 %  for rice bran. 
Growth feed efficiency of chicks, determined as body weight 
gain, was significantly improved with heat t reatment of rice 
bran. Body weight of chicks, determined in 24-day experiments 
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with  diets  con t a in ing  6 0 %  hea t - t rea ted  or  au toc laved r ice b r a n  
were  equ iva len t  to those of chicks c o n s u m i n g  the control,  
corn-based diet. 
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S U L F U R  A M I N O  A C I D - O X I D I Z E D  L I P I D  I N T E R A C T I O N S :  
A P O S S I B L E  C A U S E  O F  L Y S I N O A L A N I N E  F O R M A T I O N .  
J . W .  FINLEY, E .L .  WHEELER, and  H.G.  WALKER, W e s t e r n  
Reg iona l  Resea rch  Center ,  U S D A ,  Berkeley ,  CA 94710.  

Severa l  d i f ferent  p ro te ins  (soy, safflower, a l fa l fa  leaf prote in ,  
and  l ac ta lbumin)  were  t r ea ted  wi th  h y d r o g e n  peroxide  p r io r  to 
a lka l ine  t r e a t m e n t  in a s tudy  of the  effect of oxida t ion  on the 
fo rma t ion  of lys inoa lan ine  ( L A L ) .  The  oxidat ion s ta te  of 
cyste ine  appea red  to be the d e t e r m i n i n g  fac to r  in the  p] 'oduction 
of L A L .  W h e n  cyste ine  was  oxidized to e i ther  the sulf inic acid  
or  cysteic acid, no L A L  f o r m a t i o n  was  observed.  L A L  fo rma t ion  
was  observed,  however ,  a t  i n t e rmed ia t e  oxidat ion states .  The 
re la t ionsh ip  of the ox ida t ion  s tate  of cysteine,  as induced  by 
l ipid hydroperoxides ,  to the t endency  to f o r m  L A L  in oilseed 
p roduc t s  will be d iscussed.  V a r i o u s  r e d u c i n g  agents ,  such  as 
bisulfite and  m e r c a p t o a m i n o  acids,  p reven ted  the effect of the  
h y d r o g e n  peroxide.  The  p rac t i ca l i ty  of a d d i n g  r e d u c i n g  a g e n t s  
will be considered.  
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C O N ' V E R S I O N  O F  S O Y B E A N  E X T R A C T I O N  P L A N T  I N  
B O L I V I A  TO P R O D U C T I O N  OF  F L O U R S  F O R  H U M A N  
C O N S U M P T I O N .  G.C. MUSTAKAS, N o r t h e r n  Reg iona l  Resea rch  
Center ,  U S D A ,  1815 N. Unive r s i ty ,  Peor ia ,  I L  61604 ;  
E .D.  MILLIGAI~, E M I  Corp.,  Des  P la ines ,  I L ;  J .  TABORGA A., 
Sociedad Acei te ra  del O r i e n t e ;  and  D.A.  FELLERS, W e s t e r n  
Regiona l  Resea rch  Labora to ry ,  U S D A ,  Albany,  CA. 

Bolivia ,  in  coopera t ion wi th  the  W e s t e r n  Reg iona l  Resea rch  
Center  and  the Agency  for  I n t e r n a t i o n a l  Deve lopmen t  ( A I D ) ,  
is d e t e r m i n i n g  the feas ib i l i ty  of a soy-fort i f icat ion p r o g r a m  for  
whea t  p roducts .  D u r i n g  the  pas t  year ,  Bo l iv ian  soybean pro- 
duct ion  has  inc reased  to nea r ly  30 ,000 met r i c  tons. Soybeans  
provide  an  effective m e a n s  for  p ro te in  e n h a n c e m e n t  of the  
Bol iv ian  diet.  All ex i s t ing  soybean ex t rac t ion  p lants  in Bol iv ia  
were  cons t ruc ted  to p roduce  oil a n d  a n i m a l  feed. F o r  the  soy- 
for t i f ica t ion p r o g r a m ,  one or  more  of these p lants  m u s t  be 
conver ted  to h a v e  the capabi l i ty  of p r o d u c i n g  edible-grade 
soybean flour. D u r i n g  A u g u s t  1978, two eng inee r s  r e p r e s e n t i n g  
U S D A  and  E M I  Corpora t ion ,  a U.S.  p r i v a t e  e n g i n e e r i n g  firm, 
v is i ted  the  soybean p rocess ing  p lan t  Sociedad Ace i t e ra  del 
Or ien te  ( S A O )  at S a n t a  Cruz to develop a plan for  the  p lan t  
convers ion.  Those i t ems  which  were  cons idered  in  tha t  p lan 
were  ( a )  seed qual i ty  and  c lean ing  opera t ions ,  (b)  bacterio-  
logical da ta  r e l a t ing  to the ex i s t ing  p lan t  des ign  and  equipment ,  
(c)  seed t e m p e r i n g  and  new dehul l ing  facil i t ies,  (d)  bird,  
insect,  and  rodent  con tamina t ion ,  (e)  disposi t ion of mil ls tock 
and  millfeed by-products ,  and  i f )  add i t ion  of new fac i l i t ies  for 
ex t rac ted  flake d e n a t u r a t i o n  control a n d  flour g r i n d i n g .  The  
i n f o r m a t i o n  ga ined  f r o m  this  s tudy  should be useful  and  d i rec t ly  
applicable to o ther  soybean c r u s h i n g  p lan ts  in the  world.  As 
f u t u r e  shor t ages  develop in h u m a n  diets  due to the  sca rc i ty  
and h igh  cost of a n i m a l  prote ins ,  more  p lan t  convers ions  to 
edible soy p ro te in  p roduc t s  will be requ i red .  
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D E V E L O P M E N T  O F  A C O M M E R C I A L L Y  P R O D U C I B L E  
L O W  C A L O R I E ,  H I G H  P R O T E I N  H A M B U R G E R  B U N .  
SHARON L.  MELTON, SARAH L. CANTI~ELL, and  KAREN GOFF, 
D e p a r t m e n t  of Food Technology and  Science,  P O  Box  1071, 
Un ive r s i t y  of Tennessee ,  Knoxvil le ,  T N  37901.  

A fo rmula t ion  w a s  developed tha t  can  p roduce  a low calorie,  
h igh pro te in  bun in a emnmerc ia l  b a k e r y  by convent iona l  means ,  
Tile dough  conta ins  no rma l  i ng red i en t s  p lus  2 5 %  a lpha  cellulose 
(C) ,  3 %  carboxy methyl  cellulose (CMC) ,  8 %  defa t ted  soy 
flour ( S F ) ,  3 to 5 %  whea t  gluten,  sod ium stearoyl-2-1aetylate 
( S S L ) ,  and  e thexyla ted  monoglycer ides  (all concen t ra t ions  based  
on f lour ) .  I n i t i a l  resul t s  showed tha t  s u r f a c t a n t s  such  as  S S L  
are  neces sa ry  to m a k i n g  an  acceptable low calorie  bun.  SF  
(6 to 1 2 % )  inc reased  bun  volume a n d  g a v e  des i red  c rus t  color 
to bun.  C (100 and  200 mesh)  gave  bet ter  hun  vo lume t h a n  
50 or  300 mesh  C. W h e a t  g lu ten  (up  to 3 0 % )  s igni f icant ly  
inc reased  bun  vo lume a n d  toughness .  Of  12 g u m s  tested,  only 
c a r r a g e e n a n ,  CMC, and  g u a r  g u m  ( G G )  s ign i f ican t ly  i nc reased  
bun  volume.  CMC at  4 . 4 4 %  or GG at 4 . 1 8 %  g a v e  g rea te s t  
bun volume of all concen t ra t ions  tested. A one- th i rd  repl ica t ion  
of a 3 ~ fac tor ia l  w i th  CMC a n d  GG levels at 1.97, 3.95, or 
5 . 9 2 % ;  C at  22.37, 23.68, or  2 5 . 0 0 % ;  a n d  SF at  7.89, 10.53,  
or 1 3 . 1 6 %  w a s  run .  The  effect of these  fac to r s  a t  these  con- 
cen t ra t ions  was  de te rmined  on bun  volume, compressibi l i ty ,  
p rox ima te  analyses ,  and  c rus t  and  c r u m b  color. P i lo t  tes ts  a t  
haker ies  showed tha t  doughs  wi th  1 1 5 - 1 2 0 %  w a t e r  were  too 
s t icky to scale properly ,  bu t  wi th  w a t e r  a t  1 0 5 - 1 1 0 % ,  the  
doughs  mach ined  and  scaled correctly.  One  pilot test  d u r i n g  
fo rmula t ion  development  g a v e  a bun  which  was  l iked modera te ly  
by a consumer  panel  (n  ~ 150) .  The bun  cu r ren t ly  under -  
go ing  f u r t h e r  pilot t e s t ing  has  33 to 3 5 %  fewer  calor ies  and  
3 0 %  more prote in  than  a r egu l a r  bun  and  will have  38 to 
4 0 %  H : O ,  10 to 1 2 %  undiges t ib le  fiber, 2 , 0 %  fat ,  a n d  
2.0 % ash. 
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S E R U M  L I P O P R O T E I N  C H A N G E S  I N  B A B O O N S  A F T E R  
R E M O V A L  OF A C H O L E S T E R O L  S U P P L E M E N T E D  D I E T .  
ARTHUR W. KRUSKI, The U n i v e r s i t y  of Texas  Hea l th  Science 
Center  at San  Antonio,  7703 Floyd Curl  Dr ive ,  San  Antonio,  
TX 78284. 

Three  male  and  three female  baboons,  which  had  been fed a 
s t a n d a r d  monkey  chow plus  2 0 %  la rd  and  0 . 4 %  cholesterol 
for 4 months ,  were  t r a n s f e r r e d  to a noncholesterol  supple- 
mented  diet. Subsequen t ly  s e rum l ipopro te ins  ( L P )  were  mea-  
su red  a f t e r  0, 1, 3, 5, 7 or 0, 1, 3, 6, 8 days  in  the males  
or females ,  respect ively.  The s e r u m  L P s  were  s e p a r a t e d  and  
isolated by an  i sopycnic  dens i ty  g r a d i e n t  u l t r a c e n t r i f u g a l  method  
and  analyzed for  total cholesterol ( T C ) .  Two  m a j o r  peaks ,  
co r r e spond ing  to low dens i ty  ( L D L )  and  h igh  dens i ty  lipo- 
p ro te ins  ( H D L ) ,  were  observed.  S e r u m  L P - T C  concen t ra t ions  
began  to decrease  even a f t e r  only one day  on the  noncholesterol  
supp lemented  diet  and  showed a p rog re s s ive  decline wi th  t ime.  
Af te r  one week,  the  L D L - T C  m a n i f e s t e d  a l a r g e r  dec rease  
( 7 t . 8 % )  t h a n  the  H D L  ( 9 . 3 % )  compared  to the  pro-diet  
t r a n s f e r  va lues  in male  baboons.  S imi la r ly  the L D L - T C  de- 

c rease  ( 5 3 . 5 % )  was  g r ea t e r  t h a n  the H D L - T C  decrease  
( 3 0 . 9 % )  in female  an imals ,  a l though the la t te r  change  w a s  3 
t imes  as  g r ea t  a s  in males.  The re  were  p ropor t iona l  decreases  
in the  cholesterol ester,  phospholipid,  prote in ,  and  apol ipoprote in  
concen t ra t ions  of both L D L  and  ] : tDL in both sexes. Remova l  
of a choIesterol c on t a in ing  diet  caused  a r a p i d  decrease  of 
se rum l ipoproteins  d u r i n g  the f irst  week,  a l though tha t  of 
L D L  was  more  p ronounced  than  H D L  in baboons.  W h e r e a s  
tbe H D L  decrease  in males  was  modes t  ( 9 . 3 % ) ,  tha t  in  f emale  
was  more  p ronounced  ( 3 0 . 9 % ) .  
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D I E T  I N D U C E D  A L T E R A T I O N S  O F  P L A S M A  L O W  
D E N S I T Y  L I P O P R O T E I N  I N  N O N H U M A N  P R I M A T E S .  L .L .  
RUDEL, D e p a r t m e n t  of C o m p a r a t i v e  Medicine,  B o w m a n  G r a y  
School of Medicine,  W a k e  Fores t  Un ive r s i ty ,  Wins ton-Sa lem,  
NC 27103.  

E x p e r i m e n t s  have  been ca r r i ed  out to eva lua te  the  inf luence 
of d i e t a ry  cholesterol on p l a sma  low dens i ty  l ipoprotein  ( L D L )  
of severa l  species of n o n h u m a n  pr imates ,  i nc lud ing  Macaea 
]aseicularis, Maraca nemsstrina, Macaca mulatta, a n d  Cereo- 
pitheeus aethi.ops. L D L  size (molecu la r  w e i g h t ) ,  L D L  molar  
concen t ra t ion  (par t i c le  n u m b e r ) ,  a n d  L D L  m a s s  concen t ra t ion  
were  all inc reased  in response  to d ie ta ry  cholesterol, bu t  sig- 
n i f icant  i nd iv idua l  an ima l  va r i a t i on  was  found  in the  type and  
ex ten t  of these modificat ions,  both w i th in  and  a m o n g  species.  
In  all species, L D L  total m a s s  and  mola r  concen t ra t ions  were  
increased ,  a l though the extent  of inc rease  was  not the  same 
for  each species.  I n  stone species,  p r i m a r i l y  those of the  genus  
Macaca ,  the inc rease  in  L D L  total m a s s  w a s  p r i m a r i l y  due 
to an  increase  in L D L  size, w he r e a s  in  o ther  an ima l s  the  
p r i m a r y  change  w a s  due to an  inc rease  in  n u m b e r  of L D L  
part icles .  The fac to r s  which  control  this  d i f ferent ia l  response  
are  u n k n o w n  but  m a y  be re la ted to cholesterol es ter  metabol ism,  
as there  was  a h ighly  s ign i f ican t  p ropor t iona l i ty  be tween  the  
cholesterol ester  f a t ty  acid  ( C E F A )  pa t t e rn  and  L D L  molecu la r  
weight ,  i.e., the more  s a t u r a t e d  and  m o n o u n s a t u r a t e d  the  CEFA,  
the h ighe r  the molecular  weight .  There  w a s  also a s ign i f i can t  
inverse  re la t ionship  be tween  p lasma  L D L  molecular  we igh t  and  
H D L  concent ra t ion ,  and  the  C E F A  pa t t e rn  of H D L  paral le led 
tha t  of L D L .  I t  a p p e a r s  tha t  f ac to r s  involved in control  of 
chotesteryl es ter  t r a n s p o r t  de te rmine ,  a t  least  in par t ,  the  
extent  of L D L  molecular  we igh t  e n l a r g e m e n t  and,  s imul taneous ly ,  
the H D L  concent ra t ion .  The impor t ance  of these  observa t ions  
re la tes  to the fact  tha t  the  l ipoprotein m e a s u r e m e n t s  w e r e  shown 
to be h ighly  s ign i f i can t  p red ic to rs  of the  extent  of co rona ry  
a r t e r y  a therosc leros is  in  these an imals .  
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L I P O P R O T E I N S  O F  F E T A L  A N D  N E W B O R N  C A L V E S .  
TRUDY FORTE, U n i v e r s i t y  of Cal i forn ia ,  Berke ley  ; FENNY 
CHENt~, Publ ic  H e a l t h  Resea rch  Ins t i tu t e ,  New Y o r k  City, N Y ;  
and  JULIA BELL-QUINT, D o n n e r  Labora to ry ,  L a w r e n c e  Berke ley  
Labora to ry ,  U n i v e r s i t y  of Cal i fornia ,  Berkeley,  CA 94720.  

Fe ta l  calf se rum,  and  to a lesser  degree,  ne w bor n  calf  s e r u m  
is f r equen t ly  used_ to supp lement  t i s sue  cul ture  m e d i a ;  however ,  
the l ipoprotcin composi t ion  of both se ra  are  ill defined. W e  
have  s tud ied  the  phys ica l  a n d  chemical  p roper t ies  of the  v a r i o u s  
I ipoprote ins  of both fetal  and  new bor n  calf. Ana ly t i c  ul t ra-  
c e n t r i f u g a t i o n  ind ica ted  tha t  there  w a s  no s ign i f i can t  concen- 
t r a t ion  of v e r y  low dens i ty  l ipoprote ins  in  any  of the  bovine  
sera  s tudied.  Fe ta l  l ipeprote in  concen t ra t ion  was  ex t remely  low, 
77.5 ----- 18.8 m g / m l  wi th  h igh  dens i ty  l ipoprotein  ( H D L )  and  
low dens i ty  l ipopre te in  ( L D L )  p re sen t  in a lmost  equ iva len t  
a m o u n t s  ( ra t io  of H D L / L D L  : 0 .80) .  P o l y a c r y l a m i d e  gel 
e lec t rophores is  of apol ipoprote ins  revea led  tha t  fetal  calf  L D L  
conta ined  only apoB pro te in  whi le  H D L  conta ined  two bands ,  
one s imi l a r  to apoA-I  ( 8 0 % )  and  ano the r  s imi l a r  to apoC- I I  
( 2 0 % ) .  N e w b o r n  calf  s e r u m  w a s  subs tan t ia l ly  d i f ferent  f r o m  
fetal  calf s e rum in tha t  there  was  a fivefold inc rease  in  H D L  
level w i th  little or  no change  in L D L .  The  H D L / L D L  ra t io  
in  newborn  calf  w a s  5.45 which is s imi l a r  to tha t  of m a t u r e  
s teer  ( 4 . 97 ) .  The  l ipid moie ty  of ne w bor n  calf  H D L  conta ined  
1 8 %  less phosphol ipid  and  3 8 %  more  cholesteryl  es ter  t han  
fetal  H D L .  The apopro te ins  of ne w bor n  calf  s e r u m  differed 
f rom fetal  calf  in  t h a t  H D L  a poC- I I  decreased  whi le  the re  w a s  
a concomi tan t  a p p e a r a n c e  of a p o C - I I I  pro te ins .  Elec t ron micro-  
sccpy  revea led  tha t  fetal  calf  L D L  and  H D L  were  round  
par t ic les  24.5 "4- 2.5 and  9.9 "~ 1.1 n m  d iamete r ,  respect ive ly ,  
while new bor n  calf  L D L  and  H D L  w e r e  24.7 • 2.9 and  
13.4 • 1.4 am,  respect ively .  P r e n a t a l l y  it  appea r s  tha t  L D L  
and  H D L  are  synthes ized  in  low, a pp r ox ima te ly  equivalent ,  
quant i t i es .  I m m e d i a t e l y  a f t e r  b i r th  there  is  a p re fe ren t i a l  in- 
c rease  in t t D L  concen t ra t ion  which  m a y  relate  to d i e t a r y  or 
other  metabol ic  changes  in the  neonate .  
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C H O L E S T E R O L  M E T A B O L I S M  I N  H U M A N  M O N O C Y T E -  
M A C R O P H A G E S .  ALA~ M. FOGEL~AN', JANET SEAOER, 
MARTHA HOKOM, JOHN S. CHILD, a n d  PETER A. EDWARDS, 
D iv i s ion  of Cardiology,  D e p a r t m e n t  of Medicine,  U C L A  School 
of Medicine,  Los Angeles,  CA 90024.  

Of  the  c i r cu la t ing  blood cells only one is cons is tent ly  found  
in the a therosclerot ic  r e a c t i o n - - t h e  monocyte -macrophage .  I n  the 
a therosc lerot ic  reac t ion  and  in t endon  xan thomas ,  these  cells a re  
filled wi th  lipid, pa r t i c u l a r l y  chotesteryl  esters .  W e  h a v e  de- 
veloped techn iques  for  the  r a p i d  isolat ion of h u m a n  monocytes  
and  h a v e  d e m o n s t r a t e d  the i r  un ique  s terel  syn thes iz ing  abili t ies.  
I n  n o r m a l  h u m a n  monocytes,  cholesteryl es ters  accoun t  for  less 
t h a n  3 % of the  total  cholesterol. I n c u b a t i n g  n o r m a l  monocytes  
for  24 h r  wi th  100 /~M meva lona t e  did  not  inc rease  the  
cholesteryl ester  content  of the  cells. W h e n  no rma l  monocytes  
were  conver ted  into m a e r o p h a g e s  by  cu l t iva t ion  in  1 0 %  
autologous f a s t i n g  s e r u m  on a p las t ic  surface ,  the cholesteryl 
es ter  content  did  not  inc rease  over  the  per iod  of observa t ion  
(14  d a y s ) .  H e a t  i nac t iva t ion  of lec i th in :choles tero l  acyl  t r ans -  
f e r a se  ac t iv i ty  had  no effect on the  cholesteryl  es ter  content  
of the  cells. These  resu l t s  will be compared  to those  obta ined 
wi th  1 0 %  autologous  f a s t i n g  s e r u m  f r o m  heterozygote  fami l ia l  
hypercholes tero lemics  a n d  no rma l  au to logous  pos tp r and i a l  s e rum.  
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H O R M O N A L  R E G U L A T I O N  O F  T H E  L O W  D E N S I T Y  L I P O -  
P R O T E I N  R E C E P T O R .  AbAH CHART, J O H ~  J .  ALBERE, and  
EDWlI~ L.  BIRRMAN, Div i s ion  of Metabol i sm a n d  Endoc r ino logy  
RG-20,  D e p a r t m e n t  of Medicine,  U n i v e r s i t y  of W a s h i n g t o n ,  
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Seattle, W A  98195.  
The  inc reased  cholesterol r equ i r ed  by cells d u r i n g  the i r  pro- 

l i fe ra t ion  m a y  be de r ived  e i ther  f r o m  enhanced  cholesterol syn-  
thesis  or  by s t imula t ion  of recep tor -media ted  low dens i ty  lipo- 
p ro te in  ( L D L )  t r anspo r t .  S ince  s t imu la to r s  of cellular pro- 
l ifera~ivn, such as  insul in  and  platetet  factor ,  p rev ious ly  h a v e  
been shown to e n h a n c e  cholesterol synthesis ,  the  effect of these  
fac tors  on L D L  receptor  ac t iv i ty  was  tested u s i n g  cu l tured  
h u m a n  skin  fibroblasts.  W h e n  depr ived  of cholesterol by ex- 
posure  to l ipoprotein-deficient  se rum,  insu l in  resul ted in en- 
hanced  b ind ing ,  in te rna l iza t ion ,  and  d e g r a d a t i o n  of 1~ I -LDL.  
Max im a l  t r a n s p o r t  capac i ty  (Vm,~x) of L D L  r a t h e r  than  the  
affinity of L D L  for  its receptor  (Kin)  was  s t imula ted  by 
insu l in ;  these changes  were  blocked by  cycloheximide.  Cholesterol 
syn thes i s  w a s  s t imula ted  by insu l in  u n d e r  ident ical  condit ions.  
L D L  receptor  ac t iv i ty  w a s  s t imula ted  by insul in  to the  same  
extent  in the presence  or absence of platelet  factor ,  despi te  the  
s t r i k i n g  difference in the p ro l i f e ra t ive  response  to insu l in  u n d e r  
these condit ions.  This  sugges t s  tha t  the insu l in - induced  changes  
in L D L  receptor  ac t iv i ty  occur  independen t ly  of cellular pro- 
l i fera t ion.  P la te le t  f ac to r  in the  m e d i u m  resul ted  in s t imula t ion  
of L D L  receptor  ac t iv i ty  when  compared  wi th  ma tched  s e rum 
devoid of platelet  fac tor .  The effect of insu l in  and  platelet  
fac tor  on the L D L  receptor  w a s  synerg is t ic .  L - t r i i odo thy ron ine  
( T 3 )  also s t imula ted  L D L  recep to r  ac t iv i ty  by s t i m u l a t i n g  
V m ~  of L D L  t r a n s p o r t  wi thout  in f luenc ing  Kin. T3 and  
insul in  also synerg is t i ca l ly  s t imula ted  L D L  receptor  ac t iv i ty .  
Thus ,  ce r ta in  ho rmona l  fac tors  m a y  inf luence  the  supply  of 
cellular cholesterol by s t i m u l a t i n g  L D L  receptor -media ted  t r ans -  
port,  thereby  p r o v i d i n g  the addi t ional  cholesterol r e q u i r e d  for  
cellular p ro l i fe ra t ion .  
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SECRETION OF VERY LOW DENSITY L IPOPROTEIN  
A N D  T H E  D E G R A D A T I O N  O F  L O W  D E N S I T Y  A N D  H I G H  
D E N S I T Y  L I P O P R O T E 1 N S  B Y  C U L T U R E D  R A T  H E P A T O -  
CYTES. DAVID B. WEINSTEIN, SHARON PANGBURN, ROGER A. 
DAWS, and  DANIEL STEINBERG, Div i s ion  of Metabolic Disease ,  
D e p a r t m e n t  of Medicine,  Un ive r s i t y  of Cal i fornia ,  San  Diego,  
CA 92093.  

Adul t  r a t  hepatocytes,  isolated by col lagenase digest ion a n d  
maiz~tained for  severa l  days  in cu l ture  in  a rg in ine-def ic ien t  
medium,  re ta in  l iver-specific func t ions  such as  tile syn thes i s  
and  secret ion of ve ry  low dens i ty  l ipoprotein  ( V L D L ) ,  h igh  
dens i ty  l ipoprotein ( H D L ) ,  a lbumin,  and  bile acids.  T r ig lyce r ide  
( T G )  synthes i s  and  V L D L  secret ion were  m e a s u r e d  by follow- 
ink  UH-glycerol i ncorpora t ion  into cell and  m e d i u m  components .  
Grea t e r  than  9 5 %  of the m e d i u m  3H-TG w a s  in a V L D L  f rac-  
t ion which conta ined  apoB, apoE, and  v e r y  little apoC. I n  
the absence of exogenous  l ipids in the  m e d i u m  the l ipid com- 
posit ion of the par t ic les  w a s  s imi la r  to tha t  of V L D L  f r o m  
per fused  l ivers  and  the ra te  of secret ion w a s  about  one- th i rd  
that  of pe r fu sed  l ivers.  Cells f rom sucrose-fed r a t s  and  cells 
exposed to f a t ty  ac id-a lbumin  m i x t u r e s  secre ted SH-TG at  r a t e s  
4 - 5  t imes  that  of cells f rom norma l  r a t s .  Orot ic  acid  inh ib i ted  
V L D L  secret ion,  but  not  the  synthes is  of t r ig lycer ide ,  and  th is  
effect w a s  r eve r sed  by adenine .  Macremolecu les  (dex t rans ,  f a t t y  
acid-free a lbumin ,  5'-globulin) added to the m e d i u m  reduced  the  
secret ion of all V L D L  components  whi le  a l bumin  secret ion w a s  
un impa i r ed .  Inh ib i t ion  of V L D L  secre t ion  was  dependen t  on 
the concen t ra t ion  but  not  the  molecular  w e i g h t  of the  macro-  
molecule and  was  read i ly  r eve r sed  by remova l  of the  macro-  
molecule. S tud ies  on up take  and  d e g r a d a t i o n  of lzhI-labeled 
low dens i ty  l ipoprotein ( L D L )  and  H D L  at low l ipoprote in  
concent ra t ion  showed tha t  total  up t ake  ( in te rna l ized  plus  de- 
g r a d e d )  was  10 t imes  ( L D L )  and  43 t imes  ( H D L )  the  f luid 
endocytosis  rate .  At  equ imola r  concen t ra t ions  H D L  d e g r a d a t i o n  
was 4 t imes  tha t  of L D L .  Hepa tocy te  cul tures  which  r e t a i n  
funct ional  control  in a defined e n v i r o n m e n t  p rov ide  an  ex-  
c e l l e n t  model for  the  s tudy  of l iver  metabol ism.  
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A B N O R M A L  HMG-CoA R E D U C T A S E  S U P P R E S S I O N  B Y  
H Y P E R T R I G L Y C ' E R I D E M I C  V E R Y  L O W  D E N S I T Y  L I P O -  
P R O T E I N  S U B C L A S S E S .  S .H.  GIANTURCO, C.J.  PACKARD, 
d.S. SHEPHERD, S.G. ESKIN, L.C. SI~[ITH, and  A.M. GOTTO, JR. ,  
The Methodis t  Hosp i t a l  and  Baylor  College of Medicine,  6516  
B e r t n e r  Blvd. ,  Mail  S ta t ion  A-601, Hous ton ,  T X  77039.  

To tes t  if  the suppres s ion  observed wi th  the zonally isolated 
hype r t r i g lyce r idemic  ( H T G )  V L D L  were  due to a subpopula t ion  
of smal ler  supp re s s ive  part icles,  more  homogeneous  subclasses  
of V L D L - - V L D L 1  (S t  1 0 0 - 4 0 0 ) ,  V L D L 2  (S~ 6 0 - 1 0 0 ) ,  a n d  
V L D L 3  (S t  2 0 - 6 0 ) - - w e r e  obta ined by flotat ion t h rough  a 
d i scon t inuous  salt g r a d i e n t  and  tested for  suppress ion .  The  
V L D L 1  subclass  conta ined  only large  par t ic les  wi th  a m e a n  d iam-  
eter  of 47.5 n m  ~--- 12.4;  V L D L ~  par t ic les  a v e r a g e d  36.4 n m  "+- 
7.5;  and  the Sf  2 0 - 6 0  par t ic les  were  30.5 n m  ~ 6.8, for  both 
no rma l  and  h y p e r t r i g l y c e r i d e m i c  Y L D L .  V L D L ~  a n d  V L D L 2  
from. normol ipemic  subjec ts  fai led to supp re s s  HMG-CoA reduc ta se  
ac t iv i ty  in normal  f ibroblasts.  V L D L s  (S t  2 0 - 6 0 )  f r o m  n o r m a l  
p lasma suppressed  t IMG-CoA reductase ,  bu t  only one- th i rd  as  
effectively as  L D L .  Smal ler  size does indeed  a p p e a r  to be an  
i m p o r t a n t  f ac to r  in suppress ion .  VLDL1,  V L D L e ,  and  V L D L 3  
f rom pa t i en t s  wi th  hype r t r i g lyce r iden i i a  were  h igh ly  effect ive in  
suppress ion .  S u p p r e s s i v e  V L D L 1  and  V L D L 2  subc lasses  wi th  
potencies comparab le  to L D L  were  f r o m  I-ITG pa t i en t s  w i t h  
hyper l ipopro te inemia  Types  I I b ,  I I I ,  IV ,  and  V. V a r i a b i l i t y  
was  noted in Type  I V  hype r l ipopro te inemia  p r e p a r a t i o n s .  V L D L  
subclasses  f r o m  p la sma  of two pa t ien ts  wi th  a Type  I V  pa t t e r n  
with modera te ly  elevated p lasma  t r ig lycer ides  ( 1 5 0 - 3 0 0  m g / d l )  
p roduced  effects s imi l a r  to normal  V L D L ,  whe rea s  all V L D L  
subclasses  f rom two other  Type  I V  pa t i en t s  wi th  p l a sma  tri-  
g lycer ides  in th is  r a n g e  were  modera te ly  suppress ive .  All th ree  
V L D L  subclasses  obta ined f r o m  two addi t iona l  Type  I V  pa t i en t s  
wi th  p l a sma  t r ig lycer ides  g r e a t e r  t h a n  300 m g / d l  were  as. sup-  
p ress ive  as L D L .  The V L D L  abnorma l i ty  a p p e a r s  to be as- 
sociated only wi th  h y p e r t r i g l y c e r i d e m i a - - a n d  not hypercho-  
l e s t e r o l e m i a - - s i n c e  zonally isolated V L D L  f rom a homozygous  
pa t i en t  wi th  a Type I I a  pa t t e rn  fai led to suppress .  I n  con- 
t ras t ,  each of the  V L D L  subclasses  f r o m  a Type  I I b  pa t i en t  
suppressed .  As wi th  the  zonally isolated V L D L ,  there  w e r e  no 
consis tent  composi t ional  di f ferences  a m o n g  the normal  and  the  
abno rma l  Y L D L  which  could account  for  di f ferences  in  sup- 
press ion.  Small  par t ic le  d i ame te r  alone canno t  account  for  
suppress ion ,  s ince H T G  V L D L ~  and  V L D L , . ~ w h i c h  conta in  
no small  p a r t i c l e s - - a r e  effect ive in suppres s ion .  To show 

tha t  the pro te in  por t ion  of the H T G  V L D L  is involved in  
suppress ion ,  H T G  V L D L 1  were  t r ea ted  wi th  0.1 M 1,2-cyclo- 
hexaned ione  to block a rg iny l  res idues .  Th i s  chemical  modifica- 
tion abolished the  abi l i ty  of the  par t ic les  to supp re s s  at  levels 
wbere  unmodif ied  V L D L  suppres sed  m a x i m a l l y ;  r emova l  of the  
cyclohexanedlo~ae wi th  h y d r o x y l a m i n e  res tored  the  s u p p r e s s i v e  
ac t iv i ty  of the H T G  V L D L .  These  expe r imen t s  p r o v i d e  ev idence  
that  suppress ion  by  H T G  V L D L  is a consequence of inter-  
act ion of the pro te in  por t ion  of the  V L D L  wi th  the  specific 
L D L  cell su r face  receptor .  I n  cu l tu red  v a s c u l a r  endothel ial  
cells, the V L D L 1  f r o m  a h y p e r t r i g l y c e r i d e m i c  pa t i en t  suppres sed  
H M G - CoA  reduc tase  ac t i v i t y ;  n o r m a l  V L D L 1  did not. I=lypo - 
theses based  on these  d a t a  will be p resen ted .  
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D E T E R M I N A T I O N  OF  MONO-  A N D  D I S U L F O N A T E S  I N  
A L P H A  O L E F I N  S U L F O N A T E S  B Y  C A P I L L A R Y  T U B E  
I S O T A C H O P H O R E S I S .  TOu SUGIYAMA, K~NZO SAKURAI 
and  T o s w I o  NAGAI, Cen t ra l  Resea rch  Labora to r ies ,  L ion  F a t  
and  Oil Co., Ltd. ,  7-13-12, H i r a i ,  Edogawa-ku ,  Tokyo,  132, 
J a p a n .  

I n  the  product ion  of de t e rgen t  g r a d e  a lpha olefin su l fonates  
( A O S )  a r ap id  and  re la t ive ly  s imple  method  for  ana lys i s  is  
desirable.  H i g h  p e r f o r m a n c e  l iquid  e h r m n a t o g r a p h y  a n d  th in  
layer  c h r o m a t o g r a p h y  methods  h a v e  been repor ted  for  the  
ana lys i s  of mono- and  d isu l fonates  in AOS.  H o w e v e r ,  the 
de t e rmina t ion  of mono- and  d isu l fona tes  is still l abor ious  and  
t ime consuming .  Th i s  p a p e r  descr ibes  i so tachophores i s  a tech- 
n ique  for  the s imul t aneous  s e pa r a t i on  and  de t e r mina t i on  of 
mono-, and  disulfonates ,  and  i n o r g a n i c  sulfates .  The  sys tem 
uses  0 .005M HC1 and  0 .01M h is t id ine  in w a t e r / a c e t o n e  solvent  
as l ead ing  electrolyte and  0 .01M caproic  acid aqueous  solution 
as t e rmina to r .  E a c h  component  is s epa ra t ed  and  de t e rmined  
u s i n g  a ca l ibra t ion  curve .  Ana lys i s  t ime  is about  30 rain 
for  one sample.  
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D E T E R M I N A T I O N  O F  O I L  C O N T E N T  OF S U N F L O W E R -  
S E E D  B Y  N U C L E A R  M A G N E T I C  R E S O N A N C E .  J .A.  
ROBERTSON and  W . H .  MORRISON, I I I ,  Russel l  Resea rch  Center,  
Field Crops  Labora to ry ,  U S D A ,  P O  B o x  5677, Athens,  GA 
30604.  

The  wide-l ine nuc lea r  magne t i c  r e sonance  ( N M R )  ana lyze r  
is rou t ine ly  used to de t e rmine  the  oil content  of sunf lowerseed  
by p lan t  breeders ,  and  the technique  is now u n d e r  cons idera t ion  
as  the  official oil method  for  the domest ic  t r a d i n g  of sunf lower-  
seed. Since N M R  ana lys i s  for  oil in soybeans  has  been found  
to be more  reproducib le  and  s ta t i s t ica l ly  more  rel iable t h a n  the  
A O C S  ex t rac t ion  method,  the effect of severa l  va r i ab le s  such 
as op t imum r.f.  level, sample  size, and  t e m p e r a t u r e  on N M R  
ana lys i s  of sunf lowerseed  and  oil was  evaluated.  As the  tem- 
p e r a t u r e  of the sample  w a s  i nc reased  1 C, the  i n s t r u m e n t  
r esponse  decreased  by  about  0 . 4 % .  The  effect of iodine  va lue  
of d i f ferent  edible oils on i n s t r u m e n t  r e sponse  also w a s  s tudied.  
I n c r e a s i n g  iodine va lue  by  10 un i t s  p roduced  a decrease  in  
response  by  about  1 % .  Based  on these resul ts ,  a s t udy  w a s  
conducted  to de te rmine  the  effect of u n s a t u r a t i o n  of sunf lower-  
seed oil on the  i n s t r u m e n t  response .  The  s igni f icance  of these  
resu l t s  on the  use  of N M R  as a t e n t a t i v e  official AOCS method  
;viii be discussed.  
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S T R U C T U R E  D E T E R M I N A T I O N  OF  N O N I O N I C  S U R -  
F A C T A N T S  U S I N G  aaC N U C L E A R  M A G N E T I C  R E S O N A N C E .  
TIclO~IAS n .  OAKES, Economics  Labo ra to ry ,  Inc. ,  St. Pau l ,  MN. 

laC nuc lea r  m a g n e t i c  resonance  ( N M R )  has  p roven  to be a 
va luable  tool in d e t e r m i n i n g  the s t r u c t u r e  of a v a r i e t y  of non- 
ionic  su r f ac t an t s .  Block s u r f a c t a n t s  of ethylene oxide ( E O )  
and  prepy lene  oxide ( P O )  have  been s tudied.  EO vs.  P O  
t e r m i n a t i o n  is r ead i ly  de te rmined .  The  p resence  of he te r ic  
r eg ions  can easi ly  be detected. The  s t r u c t u r e  of alcohol 
a lkoxyla tes  can also be de te rmined .  Aga in ,  ~aC N M R  can 
read i ly  d i s t i ngu i sh  be tween  EO or P O  t e r m i n a t e d  m a t e r i a l s  or  
de t e rmine  if  the EO and  P O  were  added  randomly .  The  n a t u r e  
of the  R g r o u p  m a y  also be i n fe r r ed .  The  combina t ion  of aaC 
and  1H N M R  will be d e m o n s t r a t e d  as  a power fu l  tool in 
d e t e r m i n i n g  s ~ r f a e t a n t  s t ruc tu re .  
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S E P A R A T I O N  A N D  D E T E R M I N A T I O N  O F  I S O M E R I C  
O C T A D E C E N O A T E S  B Y  GAS L I Q U I D  C H R O M A T O G R A P H Y -  
M A S S  S P E C T R O M E T R Y .  KU~CIHIKO SAITO and  KIYOSHI 
SATOVCHI, D e p a r t m e n t  of Med. Chem.,  K a n s a i  Medical  School, 
Mor iguchi ,  Osaka ,  570, J a p a n .  

The  sepa ra t ion  and  re la t ive  quan t i f i ca t ion  of a m i x t u r e  of 
oleic (cls-9-octadecenoic) and  cis-vaccenic ( c l s - l l -oc tadeeeno ic )  
ac ids  were  ca r r i ed  out  in  a gas  l iquid c h r o m a t o g r a p h - m a s s  
spec t romete r  sys tem by  selected ion re t r ieva l .  The  de r iva t i ve s  
were  pyr ro l id ides  and  the l iquid phase  w a s  cyanopropyls i loxane  
(S i l a r  10C) .  Th i s  method  was  appl ied to ana lys i s  of these 
two fa t ty  acids  f r o m  choline and  e thano l amine  glycerophospho-  
l ipids p r e p a r e d  f r o m  v a r i o u s  n o r m a l  r a t  l ivers  (adul t ,  fe tus ,  
and  r e g e n e r a t i n g  l ive r s )  and  h e p a t o m a s  (Morr i s ,  7316 A and  
Yesh ida  asci tes,  A H  7 9 7 4 ) .  The  resu l t s  obta ined w e r e  s imi l a r  
to those repor ted  by  Wood  et al. Th i s  method  w a s  found  to 
be s impler  t h a n  other  chemical  me thods  such as  ozonolysis.  
which  r equ i re s  isolat ion of the  C~s:~ f rac t ion .  I t  w a s  possible  
to analyze ca. i0 -x g. 
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Q U A N T I T A T I V E  M I C R O A N A L Y S I S  O F  M I X T U R E S  O F  
P O S I T I O N A L  I S O M E R S  I N  E T H Y L E N I C  E A T T Y  A C I D  
M E T H Y L  E S T E R S .  DO~rALD T.  DowNrNG,  D e r m a t o l o g y  De- 
p a r t m e n t ,  College of Medicine,  U n i v e r s i t y  of I owa ,  I o w a  City, 
I A  52242.  

A p rev ious  repor t  d e m o n s t r a t e d  tha t  r a p i d  a n d  a c c u r a t e  
ana lys i s  of double bond  posi t ional  i somers  in  f a t t y  ac id  methyl  
es te rs  could be ach ieved  by  a modif ica t ion  of the  p e r i o d a t e /  
p e r m a n g a n a t e  ox ida t ion  technique  of yon Rudloff  followed by  
gas  c h r o m a t o g r a p h i c  ana lys i s  of the  oxida t ion  p roduc t s .  The  
menome thy l  es ters  of the d icarboxyl ic  f r a g m e n t s ,  as  well  as  the  
volati le nmnocarboxyl ic  port ions,  were  read i ly  ex t rac tab le  f r o m  
the acidif ied oxida t ion  m i x t u r e  wi th  hexane,  Loss  of the  volat i le  
ac ids  w a s  avoided by  subsequen t  h a n d l i n g  of the  p roduc t s  as  
the i r  t e t r a m e t h y l a m m o n i u m  salts,  wh ich  u l t imate ly  w e r e  
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pyrolyzed to methyl  e s te r s  w i th in  the  gas  ch roma tog raph .  The 
method~ or ig ina l ly  applicable to 0 .1  to 1.0 m g  quan t i t i e s  of 
methyl  esters,  has  now been adapted  to the  quan t i t a t i ve  ana lys i s  
of m ix tu re s  of posi t ional  i somers  to ta l ing  less t h a n  10 /zg, 
u s ing  the same stable r e a g e n t s  and  inexpens ive  solids in jec to r  
for the gas  ch roma tog raph .  To m a i n t a i n  efficient convers ion  
of the d icarboxyl ic  f r a g m e n t s  to dimethyl  es ters  i t  w a s  neces sa ry  
to reduce  the p H  of the solut ion of t e t r a m e t h y l a m m o n i u m  salts  
by addi t ion  of scet ic  acid and  then to concen t ra te  the  solution.  
I t  was  then possible to quan t i t a t e  as little as 1 # g  of a 
posit ional  isomer.  
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A U T O M A T I C  R E T R I E V A L  O F  C O S M E T I C  M A T E R I A L S  B Y  
M E T H Y L E N E  U N I T  V A L U E S .  RYUfflRO NA.MBA, AI~IRA 
SHIBAMOTO, SACHI HASHI,'*fOTO, and  ISAO MATSU~IOTO, Shiseldo 
Labora tor ies ,  1050, Nippa-cho,  Kohoku-ku ,  Yokohama-shi ,  223, 
J a p a n .  

In  o rde r  to develop an on-line p r o g r a m  and  speed up  r ou t i ne  
work,  a method of r ap id  ident i f icat ion of cosmetic  ma te r i a l s  
such as f a t ty  oils and  s u r f a c t a n t s  by  gas  c h r o m a t o g r a p h y  (GC)  
was  inves t iga t ed  u s ing  methylene  un i t  ( M U )  values .  Tem- 
p e r a t u r e  p r o g r a m m e d  GC was  appl ied to analyze compounds  
h a v i n g  a wide  r a n g e  of carbon  number s ,  x,Vhen p e a k s  of a 
sample and  the s t a n d a r d  n-a lkanes  over lapped,  the  calculat ion 
of MU va lues  was  not possible. To avoid  this ,  the s e p a r a t i o n  
f rom two r u n s  was  de te rmined .  These  repe t i t ions  were  ca r r i ed  
out on eve ry  sample u s i n g  an  au tomat i c  sampler .  The  nlea- 
su renmnt  of re ten t ion  t imes  and  the calculat ion of MU va lues  
f rom re tent ion t imes  w e r e  ca r r i ed  out  by a min i -compute r .  
Good reproducib i l i ty  of MU va lues  w a s  obta ined by the  above 
method.  About  200 MU va lues  of the  s t a n d a r d  compounds  for  
the analyses  of cosmetic  ma te r i a l s  were  filed as a d a t a  base  
to i n fo rma t ion  re t r ieval ,  and  the p r o g r a m  for  au tomat i c  identifi-  
cat iun w a s  developed. On the other  hand ,  the  delta MU values ,  
the difference in va lues  be tween  two s t a t i ona ry  po la r  and  non- 
polar  phases,  were  said to yield be t te r  p rec i s ion  for  sample  
ident if icat ion.  The re la t ionsh ips  a m o n g  d i f ferent  k inds  of func-  
t ional  g roups  such as alcohols, acids,  esters,  etc., w e r e  also 
s tudied.  

173 
S E L E C T I V E  H Y D R O G E N A T I O N  OF  S O Y B E A N  0 I L .  X. 
U L T R A  H I G H  P R E S S U R E  A N D  C O P P E R - C H R O M I T E  
C A T A L Y S T .  S. KORITALA, J . P ,  FI~IEDRICH, and  T .L .  MOUNTS, 
Nor the rn  Regiona l  Resea rch  Center,  U S D A ,  1815 N. Uni -  
vers i ty ,  Peor ia ,  I L  61604.  

Soybean oil was  hyd rogena t ed  at 170 C up  to 30,000 ps ig  
hydrogen  pressure .  A select ivi ty  r a t io  (KLe /KLo)  of 5.5 w a s  
:lchieved at this  h igh pressure ,  This  va lue  is somewha t  trover 
than  the select ivi ty at 1000 psig,  bu t  m u c h  h ighe r  t h a n  tha t  
obta ined wi th  nickel catalysts .  At  15,000 psig, p a r t  of the  
l inoleate in soybean oil w a s  hyd rogena t ed  di rect ly  wi thou t  p r i o r  
conjuga t ion ,  whe rea s  at low p re s su re s  con juga t ion  precedes  
hydrogena t ion .  Th i s  difference in m e c h a n i s m  m i g h t  expla in  
the lower se!ect ivi t ies  obtained at  h igh p ressures .  More trans 
i somers  are  formed at 100 ps ig  than  at 50 psig.  frans I s o m e r  
content  decreased  when the p r e s s u r e  was  i nc reased  to 30,000 
psiz.  Geomet r ic  i somer iza t ion  e f  l inoleate w a s  ~rea te r  a t  ]O00 
psi~ and  15,000 ps ig  than  a t  50 psig.  No s ign i f i can t  d i f ferences  
were  found  in the double h e a d  d i s t r ibu t ion  of ~rans monoenes ,  
even though the a m o u n t  of trans monoene  fo rmed  decreased  as  
p r e s s u r e  was  inc reased  to 30,000 psig.  
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SOME A S P E C T S  ON A D S O R B E N T  T R E A T M E N T  A N D  I-IY- 
D R O G E N A T I O N  OF  F I S H  O I L .  ERNST H.  GOEBEI~, QUIMICA 
SU.x~:x, S.A. de C.V., Av. I n s u r g e n t e s  su r  1 7 0 0 - 4 '  Piso,  Mexico 
20, D .F .  Mexico;  MICUEL ROMER0, and  GERMAN PAUL, In-  
ves t igae ion  y Desar ro l io  Indus t r i a l ,  S.A., Mexico. 

Since c rude  fish oil conta ins  a la rge  va r i e t y  of undes i r ab le  
toxic metal  t races  and  ca ta lys t  po isoning  impur i t i e s ,  adsorben t  
t r e a t m e n t s  before  hyd rogena t i on  are  be ing  discussed.  The 
effects of such t r e a t m e n t s  on h y d r o g e n a t i o n  efficiency and  
cata lys t  p e r f o r m a n c e  are  explored for  severa l  types  of hydro-  
uenat ion,  i nc lud ing  selective, nonselect ive,  and  touch hydro-  
zenat ion.  Resul t s  of i n t roduc to ry  tests  on c rude  and  ref ined 
oils wi th  respect  to changes  of metal  t r aces  m e a s u r e d  by a tomic  
absorpt ion  spee t ropho tomet ry  will be presented .  M a i n  emphas i s  
is p~aced upon su l fu r  r emova l  f rom the  fish eli to be hydro-  
zena ted  since su l fu r  is a ca ta lys t  poison most  f r equen t ly  found  
in m easu rab l e  am oun t s  in fish oil, and  the  one w i t h  dele ter ious  
effects on catalyst .  Severa l  adsorben ts  a re  eva lua ted .  
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S E L E C T I V E  H Y D R O G E N A T I O N  OF  S O Y B E A N  O I L .  X I .  
C O N J U G A T I O N  A N D  C A T A L Y T I C  A C T I V I T Y  W I T H  
COPPER-CHROMITE AT PRACTICAL PRESSURES, S. 
KORITALA, J . P .  FRIEDRICR, and  T .L .  MOUNTS, N o r t h e r n  
Reg iona l  Research  Center ,  U S D A ,  1815 N. Un ive r s i ty ,  
Peor ia ,  I L  61604.  

Soybean  oil was  h y d r o g e n a t e d  w i t h  copper-chromite  cata lys t  
at  170 C, and  p r e s s u r e  w a s  va r i ed  be tween  50 and  500 ps ig .  
The l inolenate select ivi ty r e m a i n e d  essent ia l ly  u n c h a n g e d  over  the  
p r e s s u r e  range .  Geomet r ic  i somer iza t ion  inc reased  as p r e s s u r e  
increased .  Con juga t ed  diene i somers  were  found  in the  p roduc t s  
up to 200 psig.  Above this  p ressure ,  con juga t ed  diene  w a s  no t  
measurab le .  The ra te  of h y d r o g e n a t i o n  w a s  direct ly  p ropor t iona l  
to p r e s s u r e  over  the p r e s s u r e  r a n g e  s tudied .  

176 
S U L F U R - P R O M O T E D  N I C K E L  H Y D R O G E N A T I O N  CAT- 
A L Y S T S .  D.A.  SCARPIELLO, SCM Corpora t ion ,  D w i g h t  P. 
Joyce  R e s e a r c h  Center ,  P O  Box 8827,  St rongsvi l le ,  O H  44136.  

The  hyd rogena t i on  of t r ig lycer ides  is normal ly  accompan ied  
by a para l le l  r e a c t i o n - - i s o m e r i z a t i o n ,  both geomet r ica l  and  
posi t ional .  The re la t ive  r a t e s  of hyd rogena t i on  and  i somer iza t ion  
can be controlled by v a r y i n g  the  concen t ra t ion  of h y d r o g e n  
on the  cata lys t  sur face .  Expe r imen ta l l y  th i s  is  accompl ished  
by a d j u s t i n g  t empera tu re ,  ag i t a t ion  ra te ,  ca ta lys t  concent ra t ion ,  
and  hyd rogen  pressure .  However ,  not  m u c h  a t ten t ion  h a s  been 
d i rec ted  toward  the type of ca ta lys t  used.  Recent ly ,  Ni  ca ta lys ts  
have  become avai lable  which,  w h e n  p romoted  by  sul fur ,  r e su l t  
in enhanced  ra t e s  of trans-isomerization d u r i n g  hydrogena t ion .  
Concomitant ly ,  a more  selective h y d r o g e n a t i o n  occurs  t h a n  wi th  

nonsulf ided catalysts ,  w i t h  respect  to decreased  fo rma t ion  of 
s a tu ra t e s .  The ac t iv i ty  a n d  select ivi ty  of severa l  su l fu r -p romoted  
nickel  ca ta lys ts  are  compared .  The  effect of v a r i o u s  s u l f u r /  
nickel r a t ios  on hyd r ogena t i on  ac t iv i ty  and  trans-isomers 
f o r m a t i o n  is also discussed.  The  k ine t i c s  of cottonseed hydro-  
gena t i on  for  two sulfided nickel  ca ta lys ts  a re  compared .  F o r  
soybean,  h y d r o g e n a t i o n  ra t e s  w e r e  de te rmined  for  f r e sh  and 
used  sulfided nickel  catalysts .  
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S E L E C T I V E  H Y D R O G E N A T I O N  W I T H  C O P P E R  CAT- 
A L Y S T S .  V. K I N E T I C S  A N D  M E C H A N I S M  A T  H I G H  
P R E S S U R E .  S. KORITALA, N o r t h e r n  Reg iona l  Resea rch  Center ,  
U S D A ,  1815 N. Un ive r s i ty ,  Peor ia ,  I L  61604.  

P r e v i o u s  w o r k  at  th is  cen te r  ind ica ted  that ,  a t  h i g h  p ressu res ,  
lrans i somer  f o r m a t i o n  w a s  increased ,  w h e r e a s  ev~hugated  dieue  
w a s  e l imina ted  as  a m e a s u r a b l e  product .  The  m e c h a n i s m  of 
hyd rogena t ion  a t  1000  psi  w a s  the re fo re  i nves t iga t ed  wi th  
p u r e  methyl  e s te r s  as well as  the i r  mix tures .  A compar i son  
of double bond d i s t r ibu t ion  in trens monoenes  ob ta ined  d u r i n g  
hyd r ogena t i on  of l inoleate and  a lka l i -conjuga ted  l iuoleate showed 
tha t  9 5 %  of the  double bonds in l inoleate con juga te  p r io r  to 
hydrogena t ion ,  The mode of hydrogen  addi t ion  to con juga ted  
t r i ene  and  diene at h igh  p r e s s u r e  is s imi l a r  to t h a t  a t  low 
p r e s s u r e ;  bu t  posi t ional  and  geomet r ic  i somer iza t ions  of un-  
r eac ted  con juga ted  t r i ene  and  diene  were  cons iderably  less at 
h igh  p ressure .  Geometr ic  i somer iza t ion  of methyl  l inoleate and  
l inolenate  was  considerable  at  h igh  p res su re ,  w h e r e a s  i t  w a s  
negl igible  at low p ressu re .  Compet i t ive  reac t ion  r a t e  r a t ios  
were  de t e rmined  u s i n g  m i x t u r e s  of f a t t y  esters .  Con.iugated 
es te r s  were  m u c h  more  r eac t ive  t h a n  p o l y u n s a t u r a t e d  es ters  
wi th  methylene  i n t e r r u p t e d  double bonds.  F o r  example ,  con- 
j u g a t e d  d ienes  a re  12 t imes  more  reac t ive  t h a n  the  t r i ene  
methyl  l inolenate and  31 t imes  more  reac t ive  t h a n  methyl  
l inoleate.  
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A R S E N O L I P I D S  IN M A R I N E  D I A T O M S .  ROBERT V. 
COONF, Y, U n i v e r s i t y  of Cal i forn ia ,  San  Diego,  and  A.A. B~NSON, 
M a r i n e  Biology Resea rch  Divis ion ,  Sc r ipps  I n s t i t u t i o n  of 
Oceanography ,  L a  Jolla,  CA 92093.  

O u r  l abora to ry  has  been concerned  w i t h  the  biological  t r ans -  
f o r m a t i o n  of a r sen ic  by m a r i n e  d ia toms.  I n  addi t ion  to v a r i o u s  
methyla ted  arsenica ls ,  we  have  ident i f ied the  m a j o r  arsenic-  
c on t a in ing  l ipid as O-phospha t idy l t r ime thy la r son lumlac ta t e .  This  
novel phosphol ipid  is p r e se n t  in the  m a j o r i t y  of o r g a n i s m s  sur-  
veyed to date. I n  addi t ion,  th in  layer  c h r o m a t o g r a p h y  revea led  
severa l  lipid-soluble compounds  whose  chemical  charac te r i s t i c s  
have  been inves t iga ted .  The  a r sene l ip id  (lifters f rom o ther  known  
phosphol ipids  wi th  respect  to the ease  of hydro lys i s  in acid  of 
the  phosphodies te r  bond. This  lability, due to the in te rac t ion  
be tween  the  phospha te  and  carboxyl  groups ,  m a y  serve  as a 
model  of the m e c h a n i s m  by  which  v a r i o u s  phosphodies te rases  
work .  P r e l i m i n a r y  evidence  ind ica tes  tha t  these a rsenol ip ids  are  
passed  t h r ough  the food chain,  and  appa r en t l y  some o r g a n i s m s  
are  able to conver t  the  l ipids to a r senobe ta ine .  Arsenic-conta in-  
ing  compounds  a c c umula t e  in  fish oils as  well. The use  of 74As 
labeled a rsenol ip ids  f r o m  d ia toms  has  al lowed us  to follow the 
pa th  of a r sen ic  t h r ough  the  food chain .  AIso, we h a v e  observed 
tha t  the  occur rence  of a r seno l ip ids  m a y  be more  s ign i f i can t  in 
t ropical  r eg ions  w h e r e  n u t r i e n t s  a r e  more  l imi t ing  to g r o w t h  
t h a n  in n u t r i e n t - r i c h  areas. 
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A N A L Y S I S  A N D  Q U A N T I T A T I O N  O F  M O L E C U L A R  
SPECIES OF PHOSPHOLIPIDS FROM SEA SQUIRTS IN- 
CLUDING E T H E R  A N A L O G U E S .  AKIRA HAYASHI, MASANORI 
MORITA, and  FUMITO MATSUURA, D e p a r t m e n t  of Chemis t ry ,  
Facu l ty  of Science and  Technology,  K i n k i  Un ive r s i ty ,  K o w a k a e  
3-4-1, H i g a s h i n s a k a ,  577, J a p a n .  

Complex l ipids (3.7 g)  obta ined f r o m  v i sce ra l  t i s sues  (560  
g)  of Pyura  michaelseni consis ted m a i n l y  of choline ( 2 5 % )  and  
e thanolarnine  (30 % )  glycerophosphol ipids ,  and  of sph ingomyel in  
( 1 5 % ) .  Dig lycer ides  were  p r e p a r e d  f r o m  both glycerophospho-  
l ipids by t r ea tnmnt  wi th  phosphol ipase  C (Bacillus cereus) and  
sepa ra t ed  by c h r o m a t o g r a p h y  on Lip idex-5000  into three  c lasses :  
1-alkyl-2-acyl-, 1-alk-l ' -enyl-2-a cyl-, and  1,2-din cylglycerols. 
Molecular species of each diglycer ide  class were  analyzed by 
gas  c h r o m a t o g r a p h y - m a s s  spec t romet ry  ( P C - M S )  as i t s  tr i-  
methylsi lyl  ( T M S )  e ther  or acetyl de r iva t ives .  F o r  more  detai led 
analyses,  d ig lycer ide  monoace ta tes  of each class were  frae-  
t iona ted  accord ing  to degree  of u n s a t u r a t i o n  by a rgen t a t i on  
th in  layer  c h r m n a t o g r a p h y  ( T L C )  and  analyzed by  GC-MS. 
A]kenyl-acyl ( 6 4 % )  and  alkyl-acyl ( 2 7 % )  types  were  m a j o r  
e~asses in e thano lamine  phospholipids ,  and  alkyl-acyl ( 5 1 % )  and  
diacyl ( 4 1 % )  types  in  choline lipids.  Analyses  of molecular  
species of each class revea led  tha t  there  were  10 to 20 species 
wi th  total ca rbon  n u m b e r s  r a n g i n g  f r o m  28 to 39, a n d  wi th  
f rom 0 to 6 e thylenic  bonds.  I t  was  not iced tha t  s a t u r a t e d  
cha ins  ( ~ 6 : 0  and  1 8 : 0 )  are  l inked to posit ion 1 of glycerol 
in both the e ther  or ester  bonds,  in con t ras t  to the  h i g h  content  
of po lyunsa tu r a t ed  acids  such as 2 0 : 5  and  2 2 : 6  in posi t ion 2. 
Molecular  species of sph ingomyel in  were  also analyzed for  the  
ce ramide  moie ty  as the TMS ether  de r i va t i ve  by GC-MS. Dis- 
cussion will emphas ize  the connect ion be tween  the  s t r u c t u r e  and  
func t ion  of m e m b r a n e  in m a r i n e  an imals .  
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C H A R A C T E R I Z A T I O N  O F  L O N G  C H A I N  B A S E S  ] e R o M  
S T A R F I S H .  TARO HORI, MUTSUMI SUOITA, CHIAKt NISHIMORL 
and  NAOMI NISTtIO, D e p a r t m e n t  of Chemis t ry ,  Facu l t y  of 
L ibera l  A r t s  and  Educa t ion ,  Sh iga  Un ive r s i ty ,  Otsu,  Sh iga  
P r e f e c t u r e ,  520, J a p a n .  

L o n g  cha in  bases  were  l iberated f rom a c rude  m i x t u r e  of 
sph ingol ip ids  f r o m  whole t i s sue  of the  starf ish,  Astaria 
peetinifera. The bases  were  conver ted  into N-acetyl-O-tr imethyl-  
silyl der iva t ives .  The  de r iva t ives  w e r e  analyzed by  g a s  chro- 
m a t o g r a p h y m a s s  spec t romet ry  (GC-MS) .  They  were  all phyto- 
sph ingos ine  analogues ,  hu t  m a n y  peaks  in g a s  l iquid chro- 
m a t o g r a p h y  ( G L C )  did not cor respond to any  of the  u sua l  
long cha in  bases, i n d i c a t i n g  paraff in  cha in  b r a n c h i n g .  F o r  con- 
clusive ident i f ica t ion of the b r a n c h e d  bases,  the  long cha in  
f rac t ion  w a s  oxidized wi th  lead te t raace ta te ,  followed by  s i lver  
oxide, and  the f a t ty  ac ids  p roduced  were  analyzed as the i r  
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nlethyl esters by GLC. Through  these analyses eight long chain 
bases:  iso-hexadeca ( 6 % ) ,  n-hexadeea- ( 1 5 % ) ,  iso-heptadeea- 
(34 % ) ,  anteiso-heptadeca- (13 % ) ,  n-heptadeca (8 % ) ,  iso- 
octadeca- ( 1 4 % 7 ,  anteiso-octadeca- ( 3 % ) ,  and n-octadecaphyto- 
sphingos ine  ( 7 % ) ,  were determined.  
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Q U A N T I T A T I O N  OF S T E R O I D S  I N  M O L L U S C S .  DEN~CIS 
T. GORDON, Oregon State U n i v e r s i t y  Seafoods Laboratory,  2 5 0 -  
36th St., Astoria, OR 97103. 

The quan t i t a t ive  steroid composition of molluscs and. in  
par t icular ,  oysters (Crassostrea gigas) can be h ighly  var iab le  
depending upon the nlethod of analysis.  Use of the calorimetr ic  
L iebe rmann-Burcha rd  ( L B )  react ion has indicated a range  of 
148-241 (mean 196) mg steroid per 100 g oyster;  the range  
(lenendent (in ind iv idua l  oyster size and t ime of harvest .  
Dig' i tonin prec ip i ta t ion  of the nonsaponif ied total  l ip id  extract  
folh)wed by steroid de te rmina t ion  us ing  the L B  react ion gives  
vahms tha t  are ca. 2 5 %  lower in oysters. Total  steroid levels 
determined in other molluscs af ter  saponif icat ion followed wi th  
or wi thout  d ig i ton in  prec ip i ta t ion  are not  s ignif icant ly  different. 
Over-est imation of the steroid levels in molluscs employing the 
LB reaction resul ts  from the presence of &7 steroids which 
have a h igher  ext inct ion molar  coefficient (e ---- 4 2 9 0 ;  14 rain)  
compared to A5 steroids (e = 1860;  14 ra in) .  S imul taneous  
de te rmina t ion  of the A7 and A5 steroid classes (modified L B )  
in oysters indicates  mean levels of 30 mg % and 130 mg %,  
respectively. Quan t i t a t ive  resul ts  obtained by gas l iqu id  chro- 
matography  (GLC)  ranged  from 7 0 - 1 1 0 %  (mean 8 7 % )  of 
levels determined via  the modified L B  procedure.  Var i a t ions  
in steroid quan t i t a t ion  of molluscs due to i nd iv idua l  s teroids 
via both calorimetric and GLC procedures wil l  be discussed. 
The steroid composition of molluscs common to the Pacific 
Northwest  win be presented.  
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L I P I D S  OF D E E P  B E N T H I C  A N I M A L S .  ~UDD C. NEVENZEL, 
Scripps In s t i t u t i on  of Oceanography, La Jolla,  CA 92093. 

Detailed mechanisms for the t r ans fe r  of ~he n-3 fami ly  of 
essential  fa t ty  acids and carotenoids from the zone of p r i m a r y  
product ion at the surface to the deep benthic  env i ronment  at  
the wa te r / s ed imen t s  in terface  are not  known. Indeed, photo- 
synthet ic  p lan ts  in the photic zone may not  be the only source 
of 1 8 : 3 ( n - 3 )  in the benthos. I n  p re l imina ry  work the l ip ids  
of o rgan isms  collected in the deep trenches (down to 10,900 m) 
have been analyzed for po lyunsa tu ra ted  Cls-C~-.. acids. The 
mnounts  of 2 0 : 5 ( n - 3 )  end 2 2 : 6 ( n - 3 )  in Hiroudellea gigas, a 
hyperid amphipod from the Ph i l ipp ine  Trench, were low ( 1 . 2 %  
and 3 .2%,  respec t ive ly) ;  the major  acids were 16 :0  ( 1 0 . 8 % ) ,  
16:1  ( 1 4 . 0 % ) ,  and 18 :1  (about  6 0 % ) .  The l ip id  content was  
high ( 2 1 %  wet wt ) .  As usual  for all benthic  animals  analyzed 
to date, t r iacylglycerols were the major  neu t r a l  l ip ids ;  no wax 
esters were detected. 

183 
DISTRIBUTION AND BIOSYNTHESIS OF WAX ESTERS 
IN D E E P - S E A  A N I M A L S .  M~TSU KAYAMA, Depar tmen t  of 
Fisheries,  Facul ty  of Fisher ies  and Animal  Husbandry ,  Hiro-  
sh ims Univers i ty ,  2 -17  Midori-machi,  Fukuyama ,  Hiroshima,  
720, Japan .  

I t  has been found tha t  mar ine  aninla ls  as diverse as the 
sperm whale and the castor oil fish contain  wax esters as their  
major  l ipid type. In te res t  in deep-sea organisms and improved  
survey techniques have extended our knowledge of the occur- 
rence of wax esters in  mar ine  animals.  F i f teen species of 
nl icronektonic fish belonging to four  families, Gonostomatidae,  
Sternoptychidae,  Chaul iodont idae,  and Myctophidae, were col- 
lected at n ight  between the surface and depths down to 2000 m 
in Sagami  and Suruga  Bays. F ive  species of micronektonie  
shr imp belonging to the order Decapoda were also caught  in  
the same bays. As representa t ive  mar ine  zooplankton, two 
species of the order Amphipoda,  three species of the order 
Euphaus iacea ,  and five species of the order  Calanoida  were 
collected. The results  of l ipid class analyses of these mar ine  
animals  indicated tha t  one of the most character is t ic  const i tuents  
was wax esters. A reciprocal re la t ionship  has been observed 
hetween tile t r iglycerides and wax esters. The former  is the 
main  l ipid class in sur face- l iv ing  animals ,  whereas the la t ter  
becomes the major  class in the mesa- and bathypclagic  animals .  
In  order to s tudy the biosynthesis of wax esters by mar ine  
animals,  in v iva  and in vi t ro  experiments  were carr ied cut.  
Enzymat ic  s tudies were carr ied out us ing  carp hepatopancreas  
and copepod prepara t ions .  The resul ts  indicate  tha t  the enzyme 
for hydrolysis  of wax esters is apparen t ly  different f rom the 
one for synthesis.  Moreover, the effects of plus  and minus  
loads and al loxan-indueed diabetes on the wax esters of carp 
were tested. The re la t ionship  of wax esters and t r ig lycer ides  
seems to be regulated by the hydrosta t ic  condit ions and is 
mediated th rough  the metabolism of glucose for  synthesis  of 
alcohol moiety of fa t ty  acids. 

~ E S S I O N  AA:  P O S T E R  S E S S I O N - - I  

184 
S I M P L I F I E D  M E T H O D  FOR T H E  D E T E R M I N A T I O N  OF 
T O C O P H E R O L S  AND S T E R O L S  BY G L A S S  C A P I L L A R Y  
GAS C H R O b I A T O G R A P H Y .  I.i.~, T. SLOVER, l~AV.~tO.'qO I-I_ 
TH():~IPSON, JR., and GEORGE V. .~,IEROLA, Nut r i t i on  Ins t i tu te ,  
USDA, B u i l d i n g  264, BARC-Eas t ,  Beltsville,  MD 20705. 

Methods are needed for the specific, r ap id  de te rmina t ion  of 
tocopherols and sterols in  foods. This paper  describes in  detai l  
a procedure for de te rmin ing  i n d i v i d u a l  members of both types 
of compounds in oils, fats, and l ipid extracts  of foods by 
quan t i t a t ive  glass capi l lary  gas chromatography us ing  the total  
unsaponif iable  fraction.  Samples con ta in ing  ca. 100 mg of 
l ip id  are saponified in a capped tube with aqueous K O H  by 
hea t ing  for 8 rain at 80 C, the unsaponif iable  f rac t ion  extracted 
with cyclohexane, freed of solvent, der ivat ized to form the 
t r imethyls i ly l  ethers of both tocopherols and sterols, and chro- 
matographed  on a 50 m X 0.25 mm glass capi l lary column 
coated with Dexsil 400. Most of the i n d i v i d u a l  tocopherols 
and commonly occurr ing  sterols are well separated frmn one 
another, a l though intm.fer ing peaks have  been observed with 
some samples. A s igni f icant  improvement  in  tocopherol and 
sterol methodology has been achieved by s implif icat ion of 

sample prepara t ion ,  the e l iminat ion  of the need for  p repa ra t ive  
TLC, and the use of highly efficient glass capi l lary columns. 
These columns were obtained commercially and have  proven to 
be long last ing,  opera t ing  over several  months for several 
hundred  samples wi thout  de ter iora t ion  ill performance.  In-  
format ion on the recovery, precision, and pract ical  appl ica t ion  
of the method will  be presented. 

185 
U S E  OP R E S P O N S E  S U R F A C E  M E T H O D O L O G Y  TO S T U D Y  
GAS C H R O M A T O G R A P H I C  V A R I A B L E S  R E L A T I N G  TO 
I N S T R U M E N T  P E R F O R M A N C E  AND V E R S A T I L I T Y .  
THOM~-S R. FERGUSON and LLOYD M. SMITH, Depar tment  of 
Food Science and Technology, 3450 Chemistry Annex, Uni-  
vers i ty  of California,  Davis,  CA 95616.  

Response surface methodology was used to develop an 
empir ical  model descr ib ing a gas chromatographic  system. Re- 
sponses measured were analysis  time, resolut ion of methyl 
octanoate from methyl deeanoate, and column efficiency. :Ex- 
per imenta l  var iables  for isothermal  runs  were column tem- 
pera ture  and column head pressure  in a 3 X 3 central  com- 
posite design. Exper imenta l  var iables  for the tempera ture  pro- 
grammed run  were in i t ia l  cohlmn temperature ,  p rogram rate. 
and column head pressure  in a 3 X 3 X 3 central  cmnposite 
design. The chrmnatographic  systems explored were a capi l lary 
(.olumn gas chromatograph,  us ing both n i t rogen and hel ium as 
carr ier  gases, and a packed column gas chromatograph us ing  
hel ium carr ier  gas. Fi t ted  regression equat ion analyses were 
performed ns ing  both analysis  of va r iance  and canonical  anal- 
ysis. Overlay contour plots of analysis  t ime and resolut ion 
together with contour  plots of column efficiency showed dif- 
fe r ing  degrees of in terac t ion  between the experimental  var iables  
depending on the chromatographic  system. Overlay plots allow 
the inves t iga tor  to choose chromatographic  condit ions tha t  opti- 
mize both analysis  t ime and column resolut ion.  

186 
T H E  U S E  OF L I P O - F R A X  C O L U M N  C H R O M A T O G R A P H Y  
FOR T H E  P U R I F I C A T I O N  OF N E U T R A L  L I P I D  :EX- 
TRACTS FOR A N A L Y S I S  ON T H E  A U T O A N A L Y Z E R - - I I .  
l~I~mnERw K. NAITO, VIOLET MILETIO, Lip id-Lipopro te in  Labora-  
tories, Divis ion  of Labora to ry  Medicine, The Cleveland Clinic 
Foundat ion,  9500 Eucl id  Ave., Cleveland, OH 4 4 1 0 6 ;  and 
LAUEAXCE F. FERP~EP~I, V i r g i n i a  Polytechnic  In s t i t u t e  and State  
Univers i ty .  

Chrmnatographic  columns (Lipo-Fraxq2~ from Analy t ica l  Pro- 
ducts, Inc . )  con ta in ing  act ivated alkal ine metal  oxides can 
retain water  end polar  compounds fronl isopropanol  extracts  of 
serum or plasma. The convenience of these pre-packed micro- 
columns (method I )  was compared to the t r ad i t iona l  method 
of ex t rac t ing  serum neu t ra l  l ip ids  us ing  the zeolite mix tu re  
(method I I ) .  In  method I, the need for  careful  a t ten t ion  to 
making  of the zeolite nfixture, as well as the cen t r i fuga t ien  
or phase separat ion step can be el iminated.  The isopropanol  
extracts of both methods were assayed for total  cholesterol 
(TC) and tr iglycerides (TG)  us ing  the Technicon AutoAnalyzer-  
1[ according to the procedures used by the L ip id  Research 
Clinics. The TC assay is based on the L i ebe rmann-Burcha rd  
calorimetric reaction, while the TG determinat ion  is based on 
the fluorescent method of Kessler and Leaderer.  The or ig ina l  
nlethml of add ing  the serum to the isopropanoI and im- 
mediately pass ing  the mix ture  th rough  the L ipo-Frax |  column 
a'ave irreproducible resul ts  (e.v, ~ 1 5 % ) .  We modified and im- 
proved the L ipo-Frax |  extract ion procedure  by slowly add ing  
the serum to the isopropamfl and shaking  the mix tu re  for  30 
rain before add ing  it to the columns. ',Vhile this  t ime-consuming 
~tep defeated the speed and convenience of method I, i t  insured  
increased accuracy and precision of the l ipid analyses. One 
hundred  fifty pat ient  samples were randomly  selected ( r ange :  
TC ---- 122-359  mg/d l ,  TG ---- 4 3 - 3 5 9  m g / d l )  and extracted by 
methods I and I I .  The correlat ion coefficient of methods I and 
l I  was 0.97 for TC and 0.09 for TG. ~r i th in-day  reproducibi l -  
ity studies show tha t  both methods had a c.v. of ~ 0 . 3 5 %  for 
TC and <~0.75% for TG. Day-to-day va r i a t i on  studies of both 
extract ion procedures demonstra te  a c.v. of ~ 1 . 0 %  for  TC 
as well as for TG. Our  s tudy indicates  tha t  the L ipo -F rax |  
cohlmns provide an a l te rna t ive  means of ex t rac t ing  serum TC 
and TG. The method can be as reliable as the convent ional  
zeolite method p rov id ing  tha t  some modificat ions are adopted. 

187 
A F U R T H E R  S T U D Y  ON T H E  T R I T E R P E N E  A L C O H O L S  
OF T H E A C E A E  AND SOME O T H E R  V E G E T A B L E  O I L S .  
TOSHIItIRO ITOH, TOSttlTAKE TAMURA, and TARO MATSUMOT0, 
Nihon Univers i ty ,  Tokyo, J apan .  

Tr i terpene alcohol and  sterol const i tuents  of three Theaceae 
and sonle other vegetable oils were previously  s tudied in  th is  
laboratory (Lipids 9 :173  [ 1 9 7 4 ] ;  10 :454 ,  808 [ 1 9 7 5 ] ;  1 1 : 4 3 4  
[ 1 9 7 6 ] ) .  However,  hecause the composit ion of t r i te rpene  alcohol 
f rac t ions  of these oils is very complicated, many minor  com- 
ponents  remained unidentif ied.  Therefore, a fu r the r  s tudy was 
under taken  here on the t r i te rpene  const i tuents  of two Theaceae 
oils. tea seed oil from Then sinensis L. and camellia all f rom 
Camellia .japonica L.;  pokeweed seed oil f rom Phytolacca 
americana L. (Phytolaccaceae) ,  and shea but te r  f rom the kernels 
of Butyrospermum parkii (Sapotaceae) .  Among a number  of 
t r i terpene alcohols present  in these oils, nineteen components 
could be identified or ten ta t ive ly  identif ied in th i s  s t u d y :  
cyc[oartenol, 24-methylenecycloartanol,  parkeol,  24-methylene-24- 
dihydroparkeok lanosterol,  euphol, butyrospermol,  t i rueal lol ,  
t irucalla-7,24-dienol,  dammaradienol ,  24-methylenedammarenol ,  
a-amyrin,  fl-amyrin, lupeol, germanicol,  taraxasterol ,  ~0-taraxa- 
sterol, taraxerol,  and myricadiol  (taraxer-14-en-3 f~,28-dial). 
Tirucalla-7,24-dienol  and butyrospermol  are the p redominan t  
components of the two Theaceae and pokeweed oils. Shea 
butter ,  on the other hand,  contains  a -amyr in  followed by butyro-  
spernml and lupeol as the major  t r i t e rpene  const i tuents .  

188 
TOTAL L I P I D ,  P R O T E I N ,  STARCH,  S U G A R ,  AND F A T T ~  
ACID K E R N E L  C O M P O S I T I O N  OF 39 F I L B E R T  (CORYLU,~ 
A V E L L A N A ,  L.)  CLONES.  DARYI, G. RICtIARDSON and  
MAXINE M. TItOMPSON, Depar tment  of Hor t icu l ture ,  Oregon 
State Univers i ty ,  Corvallis,  OR 97331.  

F i lber t  kernels  (Coryl~*s avellana, L.)  of 39 breeding  clones 
were analyzed for total  l ipid,  protein,  starch,  free sugars ,  mats- 

198A J.  AM.  O I L  C H E M I S T S '  s a c . ,  F e b r u a r y  1 9 7 9  ( V O L .  56 )  



ture, insoluble residue, and fat ty acid composition. Total lipid 
ranged from 54 to 68%,  protein (11.5 to 2 0 % ) ,  starch (0.2 
to 6 .9%7,  sugars  (4 to 1 3 % ) ,  and moisture (2.2 to 4 . 3 % ) .  
The predominant fatty acids were oIeic (69 to 8 0 % ) ,  linoleic 
(12 to 2 4 % ) ,  palmitic (3.7 to 7 . 3 % ) ,  stearie (0.r %0 2.8%7,  
and linolenic (trace to 1 .5%7.  Insoluble residue ranged from 
8 to 13%.  The relationship of these factors to nut  quality will 
be discussed. 

189 
N U T R I E N T  COMPOSITION OF THE FATS AND OILS.  JOHN 
a. WEI~IRAUCIt, Consumer and Food Economics Institute,  
USDA, Federal Building, Hyattsville. MD 20782. 

Data on the nutrient  composition of the fats and oils have 
been compiled for publication in a separate section of the 
revised and expanded U.S. Department  of Agriculture Hand- 
book No. 8, "Composition of Foods--Raw-Processed-Prepared."  
The new handbook section will contain information on the 
proximate composition, minerals, vitamins,  ]ipids (fatty acids, 
cholesterol, and total phytosterols), and amino acids for animal 
fats, vegetable oils, margar ines ,  spreads, shortenings, and salad 
dressings. Described are the problems and procedures of com- 
piling the data via computer through the Nutrient  Data  Bank.  
The utility and limitations of the reference tables are discussed. 
Research needs for the expansion of the section on fats  and 
oils will be presented. 

190 
O P E R A T I N G  A 500 KW ORGANIC R A N K I N E  CYCLE SYS- 
TEM U T I L I Z I N G  LOW T E M P E R A T U R E  HEAT.  S. IOHIKAWA, 
R.H.  SAWYER, A F I  Energy Systems, 110 South Orange Ave., 
Livingston, NJ  07039; and H.R. TYLER, Allied Chemical 
Corp., Morristown, NJ.  

The first commercial scale application in the United States 
of an organic rankine cycle to recover energy from low tem- 
perature waste heat is installed at Allied Chemical's plant in 
Claymont, Delaware. This rankine cycle system utilizes a 
fluorocarbon ref r igerant  as a working fluid and a stream of 
220-240 F sulfuric acid as a heat source to produce 500 KW 
of electrical power. This paper will discuss the design in- 
stallation, start-up, operation, and performance of the system. 
The actual operational experience of the unit, its control and 
safety systems, and its maintenance requirements will also be 
included. 

19 |  
STEAM E J E C T O R  D E S I G N  AND O P E R A T I O N  IN TODAY'S 
W O R L D  OF H I G H  STEAM COSTS. D. RICHARD O'CONNOR, 
Kinema Inc., P 0  Box 176, Elizabeth, PA 15037. 

One of the largest classes of energy users in your refineries 
is the steam ejector system. Now that energy conservation is 
the name of the game, ejector design engineers have suggestions 
relating to this problem. This presentation deals with the proper 
selection of steam ejector staging, suggested operating methods, 
and detailed reasons to achieve optimum energy costs without 
adversely affecting process operations. Also presented is a 
scheme to utilize a long known, but little used, characteristic 
of steam ejectors to produce significant steam savings with 
nominal capital expenditure. 

192 
NEW D E V E L O P M E N T S  IN  WASTE H E A T  RECOVERY 
USING H E A T  P I P E S .  DENNIS A. LITTWIN, Q-dot Corpora- 
tion, 726 Regal Row, Dallas, TX 75247. 

With fuel prices skyrocketing and fuel availability decreasing, 
waste heat recovery is becoming more attractive to energy 
intensive industries. This paper describes various waste heat 
recovery devices currently available for air-to-air applications 
and new devices developed to generate steam from wasted hot 
airstreams. Four general classes of applications of waste heat 
exchangers can be identified: (a)  using energy recovered from 
process exhaust to regenerate the process, (b) using energy 
from process exhaust to generate steam, (e) using energy from 
process exhaust to heat comfort make-up air  dur ing  the winter  
months, and (d) using comfort exhaust to preheat comfort 
make-up air  dur ing  the winter  months a n d / o r  precool comfort 
make-up air  dur ing the summer months. Descriptions and /o r  
installations are described. 

193 
ENERGY CONSERVATION IN T H E  E D I B L E  O I L  RE- 
F I N ERY .  PHILIP BOLLHEIMER, JR. and WILLIAM B. 
CAMPBELL, P S I  Process Systems, Inc., 2930 Airways Blvd., 
Suite 208, Memphis, TN 38116. 

In  order to meet the Federal Energy  Administrat ion 's  1980 
goal of 12% energy saving, edible oil processors must  make 
both engineering design changes in their plants as well as 
changes in operating procedures. Both old and new methods 
to conserve energy from an engineering design standpoint are 
discussed. I n  the face of rapidly r is ing energy costs, old 
design criteria and rules-of-thumb must  he reevaluated. The 
rules which governed pipe insulation thickness, steam t rap  
selection, and pump and motor sizing are no longer applicable. 
Equipment such as waste heat boilers, economizers, and me- 
chanical vacuum pumps, which in the past  did not show 
sufficient payback, are now economical. New plants should be 
designed and older plants retrofitted with heat recovery systems 
in the refining, hydrogenation, and deodorization processes. 
Electrical distribution systems should be designed to minimize 
power losses and to allow load shedding. 

194 
M E C H A N I S M  OF ACTION OF L I P O P R O T E I N  L I P A S E  
CHRISTOPHER J. FIELDING, Cardiovascular l~eseareh Institute,  
Universi ty of California Medical Center, San Francisco, CA 
94143. 

Lipoprotein lipase ( L P L )  located at the vascular  endothelial 
surface, catalyzes the hydrolysis of l (3)-posi t lon fatty acids in 
the triglycerides of the plasma triglyceride-rich lipoproteins. 
The enzyme is activated for triglyceride hydrolysis by formation 
of a stoichiometric complex with a specific lipoprotein apopro- 
tein (apo C-2), and recent research has indicated that such 
activation is mediated via a salt-labile charge-charge inter- 
action. The reaction is probably terminated as apo C-2 dis- 

sociates from the substrate lipoprotein as its triglyceride content 
is depleted and as the product lipoprotein remnant  is generated 
and becomes increasingly noncompetitive with newly secreted 
particles (chylomicrons or very low density Iipoproteins). 
Several aspects of the L P L  reaction are incompletely under- 
stood: the relationship between L P L  species in different tissues, 
the regulation of endothelial levels of LPL,  and the possible 
role of other apolipoprotelns in the L P L  reaction. Recent 
developments in these areas will be reviewed. 

195 
USE OF THREE ISOTOPIC LABELS (sH, aml, amI) TO 
MEASURE T U R N O V E R  OF PLASMA T R I G L Y C E R I D E  AND 
A P O L I P O P R O T E I N  B IN ~r LOW D E N S I T Y  LIPO-  
P R O T E I N S  AND LOW D E N S I T Y  L I P O P R O T E I N S .  NGOC 
ANH LE, JOHN TURNER, Universi ty of California, San Diego, 
CA; JOHN MELISH, Universi ty  of Ha wa i i ;  HBNI~Y GINSBERG, 
and W. VIRGIL BROWN, Mount Sinai School of Medicine, 
Department  of Medicine, Annenberg 24-100, New York, NY 
20029. 

Very low density lipoproteins ( V L D L )  are secreted into 
plasma by liver and intestine and t ranspor t  triglyceride (TG) 
to organs of utilization and storage. Apolipoprotein B (apo-B) 
is an essential component of this lipoprotein. Apo-B is partialiy 
retained in plasma as lipolytic processes convert V L D L  to 
intermediate density ( I D L )  and low density (LDL)  lipoproteins. 
LDL apo-B may also be secreted directly into plasma, probably 
by liver. Methods have been developed to monitor the specific 
activity of VLDL-TG after in vivo labeling with nil-glycerol 
as well as V L D L  apo-B and IDL-apo-B after in vitro labeling 
with 1~II and 1~I, respectively. ~ezI-VLDL (50 /zCi) and ~H- 
glycerol (300 IzCi) are simultaneously injected intravenously 
followed later by injection of ~5I-LDL (50 /zCi). Three ml 
plasma samples (18 in the first 48 hr)  are used to isolate VLDL,  
IDL,  and LDL in the ultracentrifuge. The lipid is removed by 
acetone and isopropanol extractions leaving a residual protein 
pellet. The triglyceride is separated from phospholipids in these 
extracts with zeolite and hydrolyzed. Fat ty  acids are removed 
with chloroform and the rernainlng aqueous phase used for 
determination of glycerol and 3H radioactivity. The protein 
pellet is solubilized in 9 M tetramethylurea and apo-B selectively 
precipitated by addition of an equal volume of HeO. This step 
is repeated after which the apo-B precipitate (5-40 #g) is 
washed with HeO and solubilized in Na carbonate, CUSo4 
solution for determination of radioactivity (1~1I) and protein 
(Lowry) .  181I and I~I -LDL apo-B specific activity is monitored 
for a further  14 days following the lznI-LDL injection. These 
techniques have been used in six studies to estimate the syn- 
lhetic rate of each labeled component and to relate triglyceride 
turnover to the intereonversion and clearance of lipoprotein 
apo-B, 

I76 
IMMUNOCHEMICAL STUDIES OF APOLIPOPROTEIN B 
(ApoB) IN TRIGLYCERIDE (TG)-RICH LIPOPROTEINS. 
GUSTAV SCKONFFLD, Lipid Research Center, Washington Uni- 
versity School of Medicine, Box 8046, 4566 Scott Ave., St. 
Louis, MO 63110. 

Measurements of ApoB levels in human whole plasma and 
in plasma lipoproteins have been useful in studies of the 
kinetics of ApoB, and in characterizing the composition of 
lipoproteins under a variety of conditions. For example, it has 
been establisbed that lipoprotein compositions are altered in 
subjects with the hyperlipidemias, and by dietary and drug 
treatments. These alterations probably reflect the differing 
kinetics of lipids and apoproteins under  those conditions. The 
alteration in composition may change the interactions between 
lipoproteins and cells. In  addition to "metabolic" informa- 
tion, immunoassays for ApoB a l s o  yield interest ing informa- 
tion on the immunoreaetivi ty of ApoB in various lipoproteins. 
For these assays, antisera are produced against  holo-LDL or 
ApoB. Stone of the antisera can distinguish between the ApoB 
in different density subfraction of TG-rich lipoproteins sug- 
gesting that the chemistry, disposition, and /o r  conformation 
of ApoB on these particles differ with their sizes. 

197 
P O L Y D I S P E R S I T Y :  AN A L T E R E D  STRUCTURAL STATE 
OF H U M A N  PLASMA LOW D E N S I T Y  L I P O P R O T E I N .  
WALDO R. FISHER, Department  of Medicine, J H M H C  Box 
J-226, Universi ty of Florida, Gainesville, PL  32610. 

In  most human subjects without hypertriglyceridemia, low 
density lipoprotein (LDL)  exists as a spectrum of macromole- 
eules existing over a narrowly defined density range  and 
differing little in their molecular weight. The relative homo- 
geneity of such monodisperse L D L  differs from the structural ly 
heterogeneous L D L  found in approximately two-thirds of subjects 
with hypertriglyceridemia. Sf 20 LDL, Sf 10 LDL, and Sf 4 
LDL, the major components of polydisperse LDL,  may he 
readily isolated and have molecular weights of 4.9, 3.2, and 
2.5 million, respectively. These molecular weights reflect the 
amount of lipid associated with the apoprotein, and compositional 
analysis reveals that each of these lipoproteins contains the 
same weight of apoprotein per particle, with apoB the pre- 
dominant apoprotein. The metabolism of polydisperse L D L  has 
been studied in five subjects, using tritiated leucine as a 
metabolic tracer, and kinetic analysis of apolipoproteln ]3 
metabolism was performed in collaboration with Drs.  ]3erman, 
Phair ,  and Zech at N I H .  ApoB is metabolized in a sequential 
fashion from large V L D L  particles to small Sf 4 LDL,  with 
a discontinuity in L D L  metabolism yielding Sf 20, Sf I0, and 
Sf 4 LDL.  Fur ther  there is a s t r ik ing increase in the synthesis 
of apoB as compared to normals. I n  part, this synthesis feeds 
into large V L D L  where apoB enters the V L D L  "delipidation 
cha in ;"  a second major  input of apoB is into small V L D L  
and Sf 20 LDL, thus in large par t  bypassing VLDL.  The 
removal of apoB from plasma proceeds through two catabolic 
pathways. The major  pathway removes apoB from small V L D L  
or Sf 20 L D L ;  a second pathway removes Sf 4 L D L  from 
plasma. Thus, in these subjects a major  overproduction of 
apoB appears to exceed the capacity to t ranspor t  apoB through 
LDL, and much apoB is removed from plasma as small V L D L  
or Sf 20 LDL.  The kinetic analysis appears to establish the 
metabolic relationship of Sf 20, 10, and 4 L D L  as precursor 
to product but leaves unclear the mechanism by which these 
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] ipoprnteins  are  gene ra t ed  f rom each other. I n  th is  convers ion,  
there  is a loss f rmn all of the m a j o r  cons t i tuen t  l ipids  of L D L  
In  v i t ro  there  is no exchange  of apoB be tween  Sf  4 and  Sf  
20 L D L ,  nor  is there  an excban=e of delipidatcd,  solubilized 
;,~),)B in na t ive  L D L .  a f ind ing  consis tent  wi th  the k ine t i c  d a t a  
showing" a unidl rec t io t :a l  flow of apoB f rom la rge  V L D L  to 
small  L D L .  The metabol ic  fa te  of these L D L  is unc lear .  S f  
20, 10, and  4 L D L  all h ind to the f ihrohlast  r ecep tor ;  however .  
this  observa t ion  does not c la r i fy  the  fa te  of apoB which  is 
cleared f rom plasma,  on the  one h a n d  as  small  V L D L  and  
Sf  20 L D L ,  and  on the  o ther  as Sf  4 L D L .  

198 
FORMATION AND CATABOLISM OF PLASM& CHO- 
L E S T E R Y L  E S T E R S  I N  T H E  R A T .  RZO]~ARD J .  ~IAVEL, 
C a r d i o v a s c u l a r  Resea rch  I n s t i t u t e  and  D e p a r t m e n t  of Medicine,  
U n i v e r s i t y  of Cal i fornia ,  San  Franc i sco ,  CA 94143.  

A m o n g  m a m m a l s ,  cellular cholesterol homeos tas i s  can be 
m a in t a ined  at  widely d i f fe r ing  concen t r a t ions  of low dens i ty  
l ipoprote ins  ( L D L ) .  As in o ther  mammal s ,  the p ro te in  com- 
poneut  of r a t  L D L  a r i ses  p r i m a r i l y  f r o m  catabolized v e r y  
low dens i ty  l ipoprote ins  ( V L D L ) .  By  contras t ,  ***oat of the  
cho]esteryl es ters  ( C E )  of r a t  L D L  are  p roduced  by leeitbin- 
cholesterol a c y l t r a n s f e r a s e  ( L C A T ) .  p r e s u m a b l y  ac t ing  upon  
high dens i ty  l ipoproteins  ( H D L ) ,  f rom which  the  es ters  a re  
t r a n s f e r r e d  to L D L .  I f  CE of L D L  are  t a k e n  up  in to  cells 
by pinocytot ic  mechan i sms ,  the  ra te  of t r a n s p o r t  of these  CE 
can be es t imated  f rom the observed r a t e  of t r a n s p o r t  of the  
prote in  component  of L D L .  This  ra te  is small  in tbe  ra t ,  as  
compared  wi th  t r a n s p o r t  of LCAT-de r ived  CE in } t D L .  Ex-  
p e r i m e n t s  wi th  p e r f u s e d  ra t  l ivers  sugges t  tha t  mos t  L D L ,  
as well as H D L ,  are  catabolized in  ex t r ahepa t i c  t i ssues .  B y  
contras t ,  CE in r a t  chylomicrons  and  V L D L  are  synthes ized  
in the  t i ssues  of o r ig in  and  are catabolized p r i m a r i l y  in  the  
liver.  These  cons ide ra t ions  lead to the  conclusion tha t  w h e r e a s  
t r ig lycer ide- r ich  l ipoprote ins  in the r a t  pa r t i c ipa t e  in  an entero- 
hepa t ic  cycle of cholesterol t r anspor t ,  H D L  and  L D L  pa r t i c ipa t e  
in a subs tan t ia l ly  s epa ra t e  ex t r ahepa t i c  cycle. The la t te r  cycle 
m a y  have  a m a j o r  role in cholesterol homeos tas i s  by t r a n s p o r t i n g  
cholesterol f rom sites where  cells are  d e g r a d e d  (i.e., s p l e e n )  
to si tes of cel lular  p ro l i fe ra t ion  (i.e., bone m a r r o w  and  lymph  
nodes ) .  I n  the rat ,  H D L  conta in in~  the ar~ iu ine - r i ch  apopro-  
tein could subs t i tu te  in p a r t  for  L D L  in the  efferent  a r c  of 
this  t r a n s p o r t  system.  I f  s imi la r  p a t h w a y s  apply  in  h u m a n s ,  
most  LCAT- de r ived  CE m u s t  be catabolized as a component  
of L D L .  
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HEPATIC BIOSYNTHESIS OF PLASMA LTPOPROTEINS 
DURING CHOLESTASIS. T.E. FELK~, R.L. HA:,tlLTO~, 
J .L .  VIC;~'E, and  R . J .  tIAVEr~, C a r d i o v a s e u l a r  Resea rch  Ins t i tu t e ,  
U n i v e r s i t y  of Cal i forn ia ,  San  Franc i sco ,  CA 94143.  

A segmen t  of common bile duct  w a s  resec ted  in r a t s  42 h r  
before  study.  I so la ted  l ivers  f r o m  norma l  controls,  sham-  
opera ted  controls, a n d  cholestat ic an ima l s  w e r e  p e r f u s e d  fo r  
6 h r  by  r e c i r c u l a t i n g  40 ml of K r e b s - R i n g e r  b i ca rbona te  buf fe r  
con t a in ing  w a s h e d  r a t  e ry th rocy tes  ( 2 5 % ) ,  150 m g / d l  glucose 
and  UH-lysine. P e r f u s a t e s  f rom cholestat ic l ivers  had  about  
tenfoht  less v e r y  low dens i ty  ] ipoprotein ( V L D L )  pro te in  t b a n  
sham-opera ted  contrnls  a l though V L D L  f r o m  cholestat ie l ivers  
w e r e  r icher  in p ro te in  ( 1 6 %  vs. 9 %  of m a s s )  a n d  poore r  in  
t r ig lycer ides  ( 5 9 %  vs.  6 7 . 7 %  of m a s s ) .  L o w  dens i ty  l ipoprote in  
( L D L )  (1 .015  < d < 1.075 g / m l )  p ro t e in  i nc reased  twofold 
in pe r fu sa t e s  of cholestat ic  l ivers  bu t  total  l ipoprote in  i n c r e a s e d  
:>tenfold owing  to the  p resence  of L P - X  and  a s e p a r a t e  
pseudomice l la r  par t ic le  tha t  conta ined  more  t r i g lyce r ide  t h a n  
cholesteryl es ters  (Prec. Natl. Acad. ~c/. 7 5 : 3 4 5 9  [ 1 9 7 8 ] ) .  
There  w a s  no change  in the a m o u n t  of h igh  dens i ty  l ipoprote in  
( H D L )  (1 .075 < d < 1.175 g / m I )  p ro te in  recovered  f rom 
pe r f u sa t e s  of cholestat ic  l ivers .  Howeve r ,  na scen t  I - IDL f r o m  
cholestat ic pe r fused  l ivers  conta ined  one-half  as m u c h  cholesteryl 
ester  ( 1 0 %  of m a s s )  and  by  electron mic roscopy  appea red  
more  discoidal  t h a n  control  H D L ,  s u g g e s t i n g  reduced  L C A T  
ac t iv i ty  in cholestat ic pe r fnsa tes .  B y  r a d i o i m m u n o a s s a y  a rg in lne-  
r ich apol ipoprote in  ( A R P )  p r edomina t ed  in  p e r f u s a t e  H D L  
f rom control  l ivers  ( A R P / A - I  ---- :1 .7:1.0) ,  w h e r e a s  A- I  w a s  the 
majo r  apopro te in  in H D L  f rom cholestat ie l ivers  ( A R P / A - I  
0 . 7 : 1 . 0 ) .  A-I  conta ined one-half  of the  total  apopro te in  radio-  
ac t iv i ty  in H D L  f rom che]estat ic  l ivers,  bu t  only 2 5 %  in 
controls,  The  specific ac t iv i ty  of A-I  w a s  two to four fo ld  h i g h e r  
in H D L  f rom pe r fusa t e s  of cholestat ic  l ivers  than  in n o r m a l  
and  sham-opera ted  controls.  The a m o u n t  of A- I  tha t  accumu-  
lated in  pe r fu sa t e s  of eholestat ic r a t s  w a s  twofold h i g h e r  (112 
~ g / g  l i v e r / 6  h r )  t h a n  in  sham-opera ted  controls  (44  # g / g  l i v e r /  
6 h r ) .  Accumula t ion  of A R P  did no t  c h a n g e  s igni f icant ly  in  
cholestasis .  

200 
S T I M U L A T I O N  OF L O W  DENSITY LIPOPROTEIN SECRE- 
TION B Y  P E R F U S E D  L I V E R S  OE G U I N E A  P I G S  :FED 
C H O L E S T E R O L .  R . L .  I'IAMILTON, D e p a r t m e n t  of A n a t o m y  
and  C a r d i o v a s c u l a r  R e s e a r c h  Ins t i tu te ,  U n i v e r s i t y  of Cal i forn ia ,  
San  F r a n c i s c o ;  R.  OSTWALI), Nu t r i t i ona l  Science,  U n i v e r s i t y  of  
Cal i forn ia ,  Be rke l ey ;  L .S .S .  Gyp,  R . J .  ]=IAV~L, C a r d i o v a s c u l a r  
R e s e a r c h  Ins t i tu te ,  U n i v e r s i t y  of Cal i forn ia ,  S a n  Franc i sco ,  CA 
94143.  

L ipopro te ins  secre ted f r o m  l ivers  of g u i n e a  p igs  f ed  s t a n d a r d  
chow w e r e  compared  w i t h  those secreted by f a t t y  l ive r s  in-  
duced  by f eed ing  die ts  c o n t a i n i n g  1 %  cholesterol a n d  5 %  
cottonseed oil. V e r y  low dens i ty  l ipoprote in  ( V L D L )  (d  
1.015 g / m l ) ,  a m a j o r  sec re to ry  l ipoprote in  f r o m  control  l ivers ,  
conta in ,  as % m a s s :  0 . 5 %  cholesteryl es te rs  ( C E ) ,  7 0 %  tr i-  
g lycer ides  ( T G ) ,  3 %  free  cholesterol, 17a~ phosphol ipids ,  a n d  
9 . 5 %  prote ins .  T r a c e  a m o u n t s  of small  t r ig lyce r ide - r i ch  par -  
ticles a re  recovered  in  the  low dens i ty  l ipoprote in  ( L D L )  
(1 .015  < d < 1 .050) .  The  apopro te ins  of both t r ig lycer ide-  
r ich  f r ac t i ons  a re  s imi l a r  by  S D S  gel e lec t rophores i s :  B-apopro-  
te in  p redomina tes ,  wi th  small  a m o u n t s  of A R P  and  (3 ape- 
prote ins .  Ma jo r  changes  occur  in these f r a c t i o n s  a f t e r  10 and  
14 days  of cholesterol diet.  Both p e r f u s a t e  Y L D L  and  L D L  
conta in  a l a r g e r  a m o u n t  of A R P .  CE content  of V L D L  in- 
creases  to 1 0 - 1 5 %  of m a s s  a l though total core (CE + T O )  is  
unchanged .  S ign i f i can t ly  more  l ipoprotein  is r ecovered  in  L D L ,  
which  differs  g rea t ly  f r o m  controls.  Th i s  f r ac t i on  m i g r a t e s  as  
a broad-beta  b a n d  on a g a r o s e  gel eIectrophoresis ,  con t a in s  4 5 -  

5 5 %  CE and  only 6 - 1 4 %  T O  and,  by  electron microscopy,  
conta ins  par t ic les  wi th  a n g u l a r  su r faces .  These  changes  a re  
accen tua ted  a f t e r  1 -3  mon ths  of cholesterol diet. A R P  becomes 
a more  p r o m i n e n t  component  of both V L D L  a n d  L D L  and  CE 
content  of V L D L  reaches  a m a x i m u m  of 3 2 % .  L D L  becomes 
a m a j o r  and  V L D L  a m i n o r  l ipoprote in  recovered  f r o m  per-  
fusa tes  of these f a t t y  l ivers.  Closely s imi l a r  changes  occur  in  
the p l a sma  l ipoproteins  of these cholesterol-fed g u i n e a  pigs .  

201 
L Y M P H  C H Y L O M I C R O N  S U B P O P U L A T I O N S .  ALAMO VOS% 
McGill U n i v e r s i t y  Medical  Clinic, The Mont rea l  Gene ra l  Hos-  
pital,  1650 Cedar  Ave. ,  Montreal ,  Quebec,  Ca na da .  

Poss ible  he te rogene i ty  of lymph chylomicrons  w a s  i nves t i ga t ed  
in thorac ic  duct  lymph of male  r a t s .  E q u i m o l a r  emuls ions  of 
tr iolein,  t r i l inolein,  and  t r i l iuo len in  in  sod ium taurochola te  
solution were  fed, as pulse doses, v i a  gas t ros tomies .  L y m p h ,  
f rmu  indwel l ing  thorac ic  duct  cannulas ,  w a s  collected only 
d u r i n g  post  absorp t ive  chylomicron product ion .  To s epa ra t e  
d iscre te  f r a e t i e n s  ~f tr iglyceride-rici~ l ipoprote ins  (chy lomierons  
and  v e r y  low dens i ty  l ipoprote ins)  a method  had  been devised  
for  p H  g r a d i e n t  e lectrophoresis  ( A P H G E )  on th in  layers  of 
u~arose gel heads.  Th i s  technique  p e r m i t s  direct  v i sua l i za t ion  
or  dens i tome t ry  of u n s t a i n e d  t r ig lyeer ide- r ich  l ipoprote ins  in 
the thin layers.  Def ib r ina t ed  lymph  and  chylomicrons  showed  
majo r  he te rogene i ty  d u r i n g  A P H G E .  Chylomicrons  were  
scpara ted  into five m" six discrete  hands .  I n  these  subpopula t ions  
the d i s t r ibu l ion  of vo lume and  f r e q u e n c y  of chylomierons  at 
serial  d i ame te r  in tervals ,  m e a s u r e d  by e.m., indica ted  coalescence 
, f  most par t ic les  in B a n d  1 ( o r i g i n )  and  4 0 %  of par t i c les  in 
B a n d  6 ( f r on t )  bu t  < 1 0 %  in the  f o u r  i n t e r me d ia t e  bands .  
>90c/~ of subpopula t ion  t r ig lycer ide  f a t t y  acids  w e r e  18-un- 
s a tu ra t ed  and t r ig lycer ide  f a t ty  acid composi t ion did not  differ  
s igni f icant ly  be tween  subpopula t ions .  These  f indings  s u g g e s t  
(a )  tha t  n u m e r o u s  subpopula t ions  of ehylomicrons  exis t  and  
that  c o n t a m i n a t i n g  p r e p a r a t i v e  a r t e f ac t  (coalescence)  can  be 
identif ied specifically by A P H G E  and  (b)  tha t  the  chylomicron 
subpopula t ions  t r a n s p o r t  t r ig lyce r ide  de r ived  f rom a common 
p r e c u r s o r  pool. These resul t s  are  not  consis tent  w i th  the  v iew 
that in tes t inal  lymph conta ins  only two homogeneous  popula t ions  
of V L D L  and ehylomicrons .  
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E F F E C T  O F  A C H O L E S T E R O L  D I E T  ON C I t l C K E N  S E R U M  
L I P O P R O T E I N S  A N D  A P O L I P O P R O T E I N S .  AR*I~UR W.  
KRUSKI, The U n i v e r s i t y  of Texas  H e a l t h  Science Center  at 
San  Antonio,  7703 Floyd Curl  Dr ive ,  San  Antonio,  T X  78284.  

F i f teen  cockerels were  fed r e g u l a r  chow (P~) and  fifteen 
R + 1 %  ci~olesterol ( C ) .  At  6 weeks,  the  diet  g r o u p s  w e r e  
e x c h a n g e d ;  s e rum ] ipoproteins  ( L P )  and  apol ipoprote ins  ( ape  
L P )  w e r e  examined  0, 1, 3, 7, a n d  14 days  la ter  by  i sopycnlc  
dens i ty  g r a d i e n t  u l t r acen t r i fuga t i on .  A f t e r  c rossover  f r o m  19, 
to C, s e rum total cholesterol ( T C )  inc reased  f r o m  130 to 201 
m g / d l  a t  1 day  and to 478 m~' /dl  a t  14 days.  Af te r  the  1st 
and  3rd  days  the increase  in TC  w a s  almost  completely due 
to a p rev ious ly  absent  v e r y  low dens i ty  l ipoprotein  ( V L D L )  
f rac t ion .  ~ e t w e e n  the 3rd  and  7th days ,  low dens{ty lipo- 
pro te in  ( L D L )  shi f ted  to a less dense  species which ,  d u r i n g  
the  7th to 14th days,  over lapped the b r o a d e n i n z  V L D L  band.  
These  chnn~es were  aecemp,~nied by the a p p e a r a n c e  of a new 
a p o - L P  ( t 9 , 0 0 0  da] tons) .  T r a c e  a m o u n t s  of a p o - L P  be tween  
:]0.000 and  40.000 da l tons  were  observed.  W h e n  R replaced 
C. changes  in L P  and noo-LP r eve r sed  as the  s e r u m  TC de- 
creased f rom 452 to 148 m~'/dl.  B y  the  14th day,  V L D L  bad  
almost  van ished ,  the L D L  concent ra t ion  and  dens i ty  had  be- 
come normal ,  and  the  19.000 dal ton apo -LP  d i sappeared .  These  
resul t s  indica te  tha t  f eed ing  cholesterol to chickens  sequent ia l ly  
changes  the L P  profile and  s t imula tes  the  a p p e a r a n c e  of a new,  
19.000 dalton apo-LP.  
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Q U A N T I T A T I V E  GAS L I Q U I D  C H R O M A T O G R A P H Y  D E -  
T E R M I N A T I O N  O F  M E T H Y L  L I N O L E N A T E  I N  T H E  
P R E S E N C E  OF  C O N J U G A T E D  D I E N E S .  S. KO~ITALA, 
Nor the rn  Regiona l  R e , e a r t h  Center ,  U S D A ,  1815 N. Uni-  
vers i ty .  Peor ia .  I L  61604.  

Catalyt ic  hyd r oge na t i on  of p o l y u n s a t u r a t e d  f a t t y  acid esters,  
j )ar t icularb"  with copper  catalysts ,  p roduces  con:}ugated d i enes :  
these i n t e r f e r e  wi th  ~as  l iquid ebromato~ ' raphy  ana lys i s  of methyl  
l~nolenate on the  po la r  columns used for  ~eoarat lon of methyl  
esters .  A s imi la r  problem is encoun te red  d u r i n g  pa r t i a l  con- 
j uga t i on  of soybean nil methyl  es ters .  A new column of in ter -  
media te  polar l ty  m a d e  f rom a m i x t u r e  of OV-17 and  0 V - 2 2 5  
sepa ra t ed  these cri t ical  pa i r s  and  enabled quan t l t a t i ve  deter- 
ruinat ion of methyl  l lnolenate in pa r t i a l ly  h y d r o g e n a t e d  or  
con juga ted  esters .  The  proposed  method  is qu icke r  t h a n  the  
a lka l i - i somer iza t ion  method.  
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THE MEASUREMENT OF FAT DILATION.  KAZU.~  
SUZUKI, E I J I  ~AKAI 9 and  YUKII~IOBU MURASE, Asah i  Electro- 
chenfical Co., Ltd. ,  1, 7-Chome, / - I igashi -Ogn A r a k a w a k u ,  Tokyo, 
116, J a p a n .  

On s tudy ing  the physica l  p roper t ies  of the  plas t ic  fats ,  i t  is 
i m p o r t a n t  to k n o w  the l iqu id / so l id  f a t  ra t io  or  the solid fa t  
content  a t  v a r i o u s  t e mpe r a tu r e s .  The re  a re  n, any  metbods  such 
as spec t romet ry  (NMI~) ,  eolor imetry,  and  di la tmnetry ,  by which 
the solid fa t  couteut  is measured .  A m o n g  these methods,  
d i la tonmtry  is the most  convenien t  metbod  because of s impl ic i ty  
of p rocedures  and  appa r a tu s ,  p r o v i d i n g  s ign i f i can t  numer i ca l  
values.  The n u m e r i c a l  va lue  obta ined by d i l a tomet ry  genera l ly  
is called the  solid fa t  index ( S F I ) .  There  are  m a n y  defects  in 
the usua l  p rocedures  used for  S F I  such as AOCS or J O C S  
( P a r t  1) t en ta t ive  methods .  Fo r  ins tance ,  the fa t  sample  m a y  
not be solidified below 0 C and  rel iable da ta  cannot  be obta ined 
at low t e m p e r a t u r e  by the  A O C S  method,  while  m e r c u r y  used 
by J O C S  (1)  method  is toxic to m a n  and  has  the  d i s a d v a n t a g e  
of w a s t e w a t e r  pollution. W e  have  inves t iga t ed  a method  to be 
able to obtain rel iable da ta  at low t e m p e r a t u r e  wi thou t  toxic i ty  
to ,nan or  w a s t e w a t e r  pollution. The  method  inves t iga t ed  by 
us consis ts  of a CaC12 aqueous  dye solution ( 3 0 . 4 %  by w e i g h t )  
as sea l ing  l iquid and  the d i la tometer  as used by J O C S  ( 1 ) .  
The d i s a d v a n t a g e s  u s i n g  wa te r  or m e r c u r y  as sea l ing  l iquids  
a re  e l imina ted  and  the  a d v a n t a g e s  of the usua l  p rocedures  are 
re ta ined  by this  modified method.  I n  addi t ion,  o ther  methods  
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were compared with di la tometry  to measure  the solid fa t  con- 
tent.  The values obtained by this method were s imi la r  wi th  
spectrometry (NMR method) below 5 0 %  solid in  fat.  Fur the r -  
more, t emper ing  tempera ture  and t ime were inves t iga ted  in  
order  to measure  the S F I  of fa t  rapidly .  
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Q U A N T I T A T I V E  A N A L Y S I S  OF S T E R O L S  IN F O O D S  BY 
GAS L I Q U I D  C H R O M A T O G R A P H Y .  T. KANEDA, g .  
FUJIMOT0, and A. YUSA, Depar tmen t  of Food Chemistry,  
Facul ty  of Agr icul ture ,  Tohoku Univers i ty ,  1-1 Amamiyamachi ,  
Tsutsumidor i ,  Sendal,  980, Japan .  

Japanese  Resources Bureau ,  Science and Technology Agency 
has requested tha t  we develop a simple and exact analyt ica l  
method for cholesterol de te rmina t ion  in  foods. The determina-  
t ion of cholesterol is usual ly  carr ied out by colorimetric methods, 
however, these methods are unsu i tab le  for cholesterol in  foods, 
because the presence of several  sterols is known in some foods 
such as shellfish. We decided to est imate the cholesterol content  
by gas l iqu id  chromatography (OLC) .  For  the extract ion of 
]ipids from foods, a number  of organic  solvents were tested, 
and i t  was observed tha t  chloroform-methanol ( 2 : 1 )  extract ion 
is the most sui table  procedure.  The direct  hydrolysis  method 
also gives good recovery. Several  papers  have  been publ ished 
on the pre t rea tment  of unsaponif iable  mat te r  by th in  layer 
chromatography,  (TLC) ,  florisil  column chromatography,  and 
others. However,  according to our data, these pre t rea tments  re- 
duce the recovery of cholesterol and we observed tha t  the 
p re t rea tment  is not necessary to get good results.  I t  is known 
tha t  t r imethyls i ly l  ether der iva t ives  and  acetate are useful  for  
GLC, but  we could get good resul ts  u s ing  the free sterols. 
5-c~-Cho]estane is used as an in te rna l  s tandard .  Before and 
after  the hydrolysis  of ]ipids, the in te rna l  s t anda rd  was added 
and the recovery of cholesterol was tested. The resul ts  indicate  
that  if a sui table amount  of in te rna l  s t anda rd  is added, s imi la r  
results  are obtained, regardless  of addi t ion  time. 

2O5 
S I L V E R  N I T R A T E  COATING OF T H I N  L A Y E R  CHRO- 
M A T O G R A P H Y  P L A T E S  F O R  S T E R O L  A C E T A T E  S E P A R A -  
TIONS.  HENRY W. }~IR@HER and JAN MRGUDITCH, Depart-  
ment  of Nut r i t ion  and Food Science, U n i v e r s i t y  of Arizona, 
Tucson, AZ 85721. 

Thin  layers of silica gel on a luminum sheets (E. Merck) 
were coated wi th  si lver n i t r a te  by d ipp ing  the sheets into solu- 
t ions of the salt  in va r ious  organic  solvents. Sheets prepared  
from var ious  concentra t ions  of si lver n i t r a te  in aqueous ethanol 
and metbanol-acetoni tr i le  mixtures  were used with methylene 
chloride, chloroform, and 1 :1  chloroform-carbon te t raehlor ide 
to separate  steryl acetates. Examples  of A ~ A 5, A 7, A sad), A z~, 
A5,7, AS, "-~~ A7.~ A5,7,22, and A~,~, ~ )  s leryl  acetates of the 
cholestane, campestane, ergostane, s t igmastane,  and por i fe ras tane  
series as well as several  3fl,6a-sterol diol diacetates were used 
as i l lus t ra t ions  of the methodology. 
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DETER3~INATION OF STEROLS IN FATS AND OILS. 
SATOSHI YONEYA*~fA, TOSHITAKE TA ~IURA, and TAKEI~'ORI 
MARUYAMA, JOCS Committee of Fa t  and 0 i l s  Analysis ,  c / o  
Yushi Kogyo Kaikan ,  3-13-11, Nihonbashi ,  Chuoku, Tokyo, 
J apan .  

Methods for the de te rmina t ion  of sterols in  edible oils and  
fats  were studied.  The sterols were isolated and analyzed by 
th in  layer  chromatography or d ig i ton in  precipi ta t ion,  coupled 
with gas l iqu id  chromatography,  respectively, by us ing  cho- 
lesterol or ~-sitosterol as an in t e rna l  s tandard .  Quan t i t a t i ve  
de te rmina t ion  of sterols was  made by cu t t ing  off the peaks  of 
cholesterol and phytosterol  on the recorder charts  f rom the gas 
chremategrams  recorded wi th  and wi thout  the presence of t h e  
in te rna l  s tandards ,  and followed by the calculat ion of the 
changes in the peak weight  caused by the addi t ion  of the 
s tandard .  Recovery experiments  were carr ied out  by 10 colla- 
borators  wi th  samples of medium chain t r ig lycer ide  added to 
a known concentra t ion of cholesterol and  phytosterol.  Mean 
recovery rate was over 8 1 . 4 % ,  and i t  was found  tha t  even 
10 mg of cholesterol contained in 100 g of oil or fa t  was  
determined with a relat ively good reproducibi l i ty .  Both  the 
methods of the th in  layer chromatography  and the d ig i ton in  
prec ip i ta t ion  coupled with gas l iquid chromatography gave 
sat isfactory results.  

2O8 
A P P L I C A T I O N  OF N E A R - I N F R A R E D  R E F L E C T A N C E  
S P E C T R O S C O P Y  TO Q U A L I T Y  CONTROL IN O I L  P L A N T .  
Y. ~IACHIDA, T. WATANAB]~], Central  Research Labora to ry ;  and 
K. AONL*KI, Kashima Plant ,  Showa Sangyo Co., Ltd.,  H inode  
2-20-2, Funabashi-shi ,  Chiba, 273, Japan .  

A near- inf rared  reflectance ( N I R )  i n s t r u m e n t  (Technicon 
Inf raAlyzer )  was used for qual i ty  control of soybean meal in  
the oil plant .  Each sample of soybean meal was g round  to 
part icles  of smaller  than  60 mesh by us ing  a sample mill  wi th  
a I mm screen. This sample was analyzed for total-N, oil, 
and moisture.  The resul ts  obtained by In f raAlyzer  were com- 
puted with the data obtained by the s t anda rd  analyt ica l  pro- 
cedures, i.e., Kjeldahl  method for total-N, diethyl ether ex- 
tract ion method for oil, and oven method for moisture.  S t anda rd  
errors of difference (SE)  between the data  obtained by both 
methods were 0.073, 0.152, and 0.111 for protein,  oil, and 
moisture, respectively. The resul ts  suggest  tha t  the N I R  spectre- 
scenic analysis  can be applied to the de te rmina t ion  of prote in  
and oil in  the qual l ty  control process of soybean meal because 
there is little devia t ion between the resul ts  by both methods. 
Also, in the case of g round  sample, a close agreement  in  
moisture content was found between the data obtained by both 
methods. However,  when the or ig ina l  meal was  tested by the 
oven method for commercial use, i ts mois ture  content was  
s ignif icant ly  different  ( S E :  0.260) from tha t  obtained by In f ra -  
Alyzer in  the g round  sample, since a cer ta in  degree of mois ture  
loss occurred d u r i n g  the g r i n d i n g  process. 

2O9 
Q U A N T I T A T I V E  A N A L Y S I S  OF H Y D R O N A P H T H A L E N E  
D E R I V A T I V E S  C O N T A I N E D  IN H E A T E D  T U N G  OIL.  
NAGAO TOTANI, The Hormel  Ins t i tu te ,  Aust in ,  MN;  SETSUKO 
I~ARA, YOICHIRO TOTANI, and NOBORU MATSUO, Depar tment  of 
I n d u s t r i a l  Chemistry, Facul ty  of Eng ineer ing ,  Seikei Univers i ty ,  

Kich i jo j i -Ki tamachi  3 Musashino-shi ,  Tokyo, 180, J apan .  
Since C. Chin (J. Chem. Soc. Jpn. 5 3 : 2 8 1  [ 1 9 5 0 ] )  suggested 

the format ion  of cyclic der iva t ives  on hea t ing  t u n g  oil, there 
exist extensive works on the s t ruc tu re  of the dimeric acid. 
Among these, the s t ruc ture  and format ion  of the hydrobenzene 
der iva t ives  have appeared in l i tera ture ,  whereas l i t t le  has  been 
reported on tha t  of the hydronaphtha lene  der ivat ives .  The 
present  work is concerned with the quan t i t a t i ve  de te rmina t ion  
of the hydronaphtha lene  der ivat ives ,  produced on hea t ing  t ung  
oil, by means of colorimetry. I t  is known tha t  polycyclio 
aromatic  compounds form a dark greenish complex with sodium. 
Therefore, at  first, va r ious  amounts  of pur i f ied naphtha lene  were 
reacted with sodium dispersed in  solid paraffin and the ab- 
sorbance at 420 nm of the mix ture  was measured  and plot ted 
vs. the concentrat ion of naphthalene.  The resu l t ing  cal ibrat ion 
curve showed a good l inear i ty  in the range  of 12 -35  mg of 
naphtha lene  in 25 ml THF.  In  a s tainless  steel autoclave, photo- 
isomerized t ung  oil was heated with sodium hydroxide  in  ethylene 
glycol at 290 C for 15 min.  The react ion mixture  was then 
acidified, esterified, and dist i l led unde r  vacuum to isolate the 
dimeric  ester, whicb was subsequent ly  aromatized by hea t ing  at  
280 C for 5 hr  with 1 0 %  Pd-C as a catalyst. This  aromatized 
dimeric ester was then reacted with sodium and, f rom the 
measured absorbance at  420 nm of the mix tu re  wi th  the 
cal ibrat ion curve, the content of naphtha lene  der iva t ives  w a s  
determined.  As a result ,  i t  was found  tha t  about  1..2% of 
naphtha lene  der iva t ives  was present  in  heated t u n g  oil. 

2 1 0  
M O D E R N  A N A L Y T I C A L  M E T H O D S  F O R  S U N F L O W E R S .  
ART CARNR1CK, A&L P l a i n s  Agr icu l tu ra l  Labs,  Lubbock,  TX. 

At  the present  t ime there are several  methods of sunflower 
analysis  in  common use. The differences between these methods 
can affect the analyt ica l  results.  The major  discrepancies  are 
in the areas of fore ign mat te r  or dockage and oil content  to 
an "as  i s"  basis. Depend ing  on the method, resul ts  may v a r y  
from 1 - 2 % .  The specific methods for  each type of analysis  
as well as per t inen t  calculat ions  wil l  be discussed. The repor t  
will also make suggest ions  based on laboratory research for  a 
un i fo rm method such tha t  resul ts  may be consis tent  among 
laboratories .  
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COLOR CONTROL BY A U T O M A T E D  T I N T O M E T E R .  D.G. 
CHAMBERLIN, Tintometer  USA,  49 Cannonbal l  Rd., Pompton  
Lakes, NJ  07442. 

Since the early years  of this  century,  the edible oil i ndus t ry  
has chosen to specify colors by means of the Lovibond  Tin tometer  
and color scales. Lov ibond  chose three color scales, Red, Yellow, 
and Blue in  order to match any sample. Each scale was  
or ig ina l ly  graded by depth into more t han  two hundred  steps, 
The i ndus t ry  found it  convenient  to express colors in  terms of 
Red and Yellow un i t s  only, as the red content of an oil is  a 
sui table  measure  of the ref ining needed and, therefore, of i ts 
value. The interest  of the U.S. B u r e a u  of S tandards  was early 
d rawn  to this  system, and they purchased a complete set of the 
glasses in 1912. In  1926, they under took a major  project  
sponsored by the Cotton Seed Crushers  Associat ion to s tudy 
and s tandardize  both i n s t r u m e n t  and scales. This  work  lead 
to the definit ion of the N" (now AOCS) red scale and to a 
descr ipt ion of an i n s t rumen t  adapted for this  field. The use 
of different i n s t rumen t s  in Europe  and the Un i t ed  States and 
the possibi l i ty  of confusion between two red scales has caused 
confusion over the years. Major  buyers,  faced wi th  the need 
for agreement  between d i s t an t  laboratories,  have wished for an 
i n s t rumen t  less dependent  on the skill  and t r a i n i n g  of an in- 
d iv idual .  The U.K. firm of Un i l eve r  recently designed a three- 
filter colorimeter which can be cal ibrated to reproduce the 
values  found by v i sua l  measurement .  In te r ference  filters mea- 
sure the t r ansmi t t ance  of the oil in  the blue and green regions 
of the spectrum, while  a t h i rd  read ing  is t aken  in the red, 
thus  a l lowing for suspended matter.  This  development repre- 
sents a new depar ture  from earl ier  a t tempts  to specify Lev ibond  
color by spectrophotometric measurement  at single wavelengths .  
The Food Research Associat ion in E n g l a n d  s tudied the cor- 
relat ion found between this  and the s t anda rd  v i sua l  ins t ru-  
ment, and their  f indings will  be discussed in  this  paper.  
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LOSS OF A D D E D  F A T T Y  ACID ESTERS FROM G R A P E  
SURFACES D U R I N G  D R Y I N G  TO RAIS INS .  A.E. STAFFORD, 
G. FULLER, and H.R.  BOLII'r Western  Regiona l  Research Center, 
USDA,  800 B u c h a n a n  St., Albany, CA 94710. 

Fa t ty  acid esters have been shown to reduce the d ry ing  t ime 
of grapes  by in t e r ac t ing  wi th  the waxy surface of the grapes.  
Labora tory  scale procedures were developed to determine the 
fate of esters d u r i n g  dehydrat ion.  Thompson seedless grapes  
were dipped in a water  emulsion con ta in ing  2 %  fa t ty  acid 
esters, 2 %  potass ium carbonate, and an emulsifier.  Grapes  
were dr ied at t empera tures  r a n g i n g  from ambient  to 160 F. 
Dry ing  curves vs. fa t ty  acid ester concentra t ion on the grape  
surfaces were obtained. Mult iple  dips d u r i n g  d ry ing  increased 
the rate significantly.  The fate of fa t ty  acid esters d u r i n g  
dehydra t ion  was determined by r u n n i n g  the exhaust  t h rough  
cold t raps.  These  studies showed a considerable loss of esters 
d u r i n g  d ry ing  which did affect the d ry ing  rate. The e s t e r  
losses appeared to be caused by the co-evaporation of wa te r  
and esters d u r i n g  drying.  
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U S E  OF O I L  IN B A K E D  P R O D U C T S :  I. B A C K G R O U N D  
AND B R E A D .  DEBORAH HARTNETT and WILLIAI~I THAL- 
HEL~IEIr I C I  Americas Inc., Wi lming ton ,  DE 19897. 

The benefits of fat  systems in yeast-raised and chemically 
leavened baked goods are reviewed. The effects of r i s ing  in- 
gred ien t  costs and competi t ion on ingred ien t  technology are 
described, leading to a discussion concerning the t rend  in  the 
Uni ted  States to switch from the s t anda rd  shortenings,  lard 
and par t ia l ly  hydrogenated  vegetable shortening,  to oil in baked 
products .  2 roblems associated with the incorpora t ion  of oil in  
bread formula t ions  follow. Test work has shown tha t  su r fac tan t s  
are effective addi t ives  in  overcoming these negat ives  and in  
p romot ing  the produc t ion  of qual i ty  bread. A comparison of 
oil vs. la rd  as the shor ten ing  medium in  bread is described. 
Eva lua t ion  of emulsifiers wi th  oil in  bread are discussed. 

J. AM.  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L ,  56 )  201A 
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USE OF 0 IL  IN BAKED PRODUCTS: I I .  CAKES AND 
S W E E T  G O O D S .  DEUORA~ HA~TN~.TT and  WIZA.IA.~t THAn- 
HEI~IER, I C I  A m e r i c a s  Inc . ,  W i l m i n g t o n .  D E  19897.  

The d iscuss ion  on the c u r r e n t  t r end  in the  Uni ted  Sta tes  
to swi tch  f r o m  the convent ional ly  accepted lard or  pa r t i a l ly  
hyd rogena ted  vegetable  sho r t en ing  to oil as the  sho r t e n ing  
m e d i u m  in baked  goods is cont inued.  P rob lems  encoun te red  
when  oil is used to replace  the plas t ic  sho r t en ings  in  sweet  
doughs  and  cakes  a re  described.  Tes t  w o r k  has  shown tha t  
s u r f a c t a n t s  a re  useful  tools in coun t e r ac t i ng  the r e su l t an t  nega-  
t ive  aspects  associa ted  wi th  the  use  of oil. A rev iew of da ta  
desc r ib ing  v a r i o u s  s u r f a c t a n t  sys tems  wi th  oil and  t he i r  effects 
on f inished sweet  dough  a n d  eake qual i ty  a re  d iscussed.  
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T H E  FUNCTIONS OF SILICONE OIL IN FRYING O I L .  
SHIZUYUKI OHTA and  T4YOJI KUSAK~., School of F i s h e r i e s  
Science, K i t a sa to  Un ive r s i ty ,  San r iku -mach i ,  K e s e n - g u n  I w a t e -  
ken,  022-01, J a p a n .  

I t  is genera l ly  well k n o w n  tha t  si l icone oil (S iO)  inc reases  
the rma l  s tabi l i ty  of f r y i n g  oil. 1 iowever ,  the  m e c h a n i s m  of i t s  
s tabi l iz ing abi l i ty  is not  well defined. To e lucidate  th i s  
mechan i sm,  the  effect of S i P  on the s tabi l i ty  of oils w a s  in- 
ves t iga ted  by v a r i o u s  b e a t i n g  p rocedures .  The  oil ( ref ined bu t  
not  deodorized soybean oil a n d / o r  l inseed oil) was  t r ea ted  by 
s t i r r i n g  the su r face  in a beake r  a n d  a i r  bubb l ing  t h r o u g h  a 
glass- tube inser ted  into a test  tube wi th  v a r y i n g  t e m p e r a t u r e s  
(120,  150, 180, and  240 C) and  SiO content  (1, 10, 100, and  
1000 p p m ) ,  respect ively.  F u r t h e r ,  a f r y i n g  test  w a s  c a r r i e d  
ou t  a t  240 C u s i n g  a T o f u - N a m a a g e .  The  ex ten t  of de te r iora-  
lion of these heated oils was  eva lua ted  main ly  by the  v i scos i ty  
m e a s u r e m e n t s .  I n  bea t ing  procedures ,  it was  shown f r o m  the 
above exper imen t s  tha t  the the rmal  de te r io ra t ion  of the  f r y i n g  
oil was  suppres sed  wi th  addi t ion  of S t0 .  On the o ther  hand ,  
when l inseed oil or i ts  methyl  es ters  were  heated  for  a long 
t ime u n d e r  a s t r eam of n i t rogen,  the protect ive  effect of SiO 
was  not  demons t ra ted .  At  room t empe ra tu r e s ,  SiO suppressed  
sl ightly the increase  of P O V  of l inseed oil o r  ethyl es ter  of 
the i r  fa t ty  acid, but  not as effectively as B H A  or T D P A .  The  
resul ts  of u l easn remeu t s  of su r f ace  tens ion  of several  oils wi th  
S iP  sugges ted  the behav ior  of SiO on the  air-to-oil su r f ace  bu t  
could not explain the pro tec t ive  effect of SiO. 

2 | 6  
E F F E C T S  O F  M I C R O C L I M A T E  ON C O M P O S I T I O N  A N D  
M E L T I N G  C H A R A C T E R I S T I C S  OF  B A H I A  COCOA 
B U T T E R .  D0VUI,AS W. L~:~RIAN, H e r s h e y  Foods  Corpora t ion ,  
925 Reese Ave., Her shey ,  P A  17033;  P H I L I P  G. KEENEY, The 
P e n n s y l v a n i a  Sta te  U n i v e r s i t y ,  a n d  DAVID R.  BUTLER, Over -  
sea ' s  Deve lopment  Minis t ry .  

S tud ies  directed toward  e lucidat ion of a chemical  exp lana t ion  
of the sof tness  of stone Braz i l ian  cocoa bu t t e r s  a re  repor ted.  
The microc l imate  provided  by pos i t ion ing  hea te rs  n e a r  developing  
cocoa f ru i t s  resul ted in an  in te rna l  f ru i t  t e m p e r a t u r e  inc rease  
of 7.5 C in tile seed area  closest to the hea t  source  and  3.0 C 
in the backs ide  seed section. The  inc reased  t e m p e r a t u r e  w a s  
n la in ta ined  th roughou t  the per iod  of ac t ive  l ipid synthes is  and  
until  the f r u i t s  r ipened  and  were  harves ted .  F r u i t s  f rom an  
unheated  a rea  of the same  tree and  f rom ad jacen t  t rees  of the  
same cu l t iva r  n 'ere  collected as controls  g r o w n  u n d e r  cooler 
condit ions.  L ip id  pressed  f rom shell-free por t ions  of heat-  
l rea ted  and control seeds were  found  to h a v e  sl ightly d i f ferent  
fa t ty  acid  composi t ions,  B u t t e r  f rom beat - t rea ted  seeds had  
si iuhtly mm'e pahni ta te  and  s teara te  and  3 %  less oleate t h a n  
but ter  f rom control seeds. The  mel t ing  cha rac t e r i s t i c s  of these  
but ters  were  obviously different .  Cocoa bu t t e r  f rom seeds g r o w n  
at t e m p e r a t u r e s  7.5 C and  3.0 C h i g h e r  than  control seeds were  
consblerably h a r d e r  as de te rmined  by  different ia l  s c a n n i n g  
calor imetry.  Trio ' lycerides of cocoa bu t t e r s  f rom heat - t rea ted  
and  control  seeds were  s e p a r a t e d  by  h igh  p e r f o r m a n c e  l iquid 
c h r m n a t o g r a p h y  ( H P L C )  into three m a j o r  and  two m i n o r  f rac-  
t ions which  were  p re sen t  in d i f ferent  p ropor t ions  in heated  
and  control  but ters .  T r ig lyce r ides  in each 1IPLC f rac t ion  w e r e  
d e ' e r m i n e d  by ]ipolysis. methyl  ester  analys is ,  and  calculat ion 
accord ing  to Coleman ( 1 9 6 1 ) .  Sta t is t ica l ly  s ign i f ican t  di f ferences  
(p ~ 0.05)  were  found  re la t ive  to the t r ig Iycer ides  of F rac -  
t ions 2, 3. and  4 ( m a j o r  p e a k s ) .  Of ~rea tes t  in te res t  r e z a r d i n ~  
the softness  of cocoa but ter  was  the composi t ion of F r a c t i o n  
2. Major  cons t i tuen ts  were  the  t r ig lycer ides  P O P  and  P O 0  
( F  = palmitate ,  0 : o~eate). B u t t e r  f rom hea ted  seeds h a d  
P O P  and  P 0 0  in the ra t io  4 : 1  while  in control bu t t e r s  the  
ra t io  was  2 :1 .  Th i s  ind ica tes  tha t  e n v i r o n m e n t a l  condi t ions  
( t e m p e r a t n r e )  du r in~  seed develooment  affect lipid composi t ion 
and  that  the ratio of S~U and  SUe t r ig lycer ides  is i m p o r t a n t  
in d e t e r m i n i n g  mel t ing  behav io r  of cocoa bu t t e r  (S  ~ sa tu ra ted ,  
[" z u n s a t u r a t e d ) .  
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F A T S  A N D  O I L S  S T A T U S  I N  F R A N C E .  A. UZZAN, I n s t i t u t  
des Corps  Gras ,  P a r i s ,  F r ance .  

Abs t r ac t  ne t  ava i lab le  at p ress  t ime. 

218 
M E T A B O L I S M  OF (1-~C)  L I N O L E N I C  A C I D  I N  C O H 0  
S A L M O N ,  O N C O R I l Y N C H U S  K I S U T C H .  R.S.  PARKEIr and  
R.O. SL~Sr[UI~:R, D e p a r t m e n t  of Food Science and  Technology,  
Oregon  Sta te  Univers i ty ,  Corvall is ,  OR 97331.  

J u v e n i l e  echo sa lmon w e r e  in jected in t r ape r i t onea l ly  wi th  
(1-~JC) i inolenie acid, and  sanlpled at  24, 120, and  240 hr.  
L iver ,  hear t ,  and  gill l ipids were  ext rac ted ,  analyzed,  and  half- 
lives of ind iv idua l  l iver  phosphoglycer ides  and  n-3 f a t t y  ac ids  
de~ernlined f rom ra tes  of loss of r ad ioac t iv i ty .  I n c o r p o r a t i o n  
of label into gill was  much  less than  into e i ther  h e a r t  or  l iver .  
Inosi tol  phosphoglycer ides  had  the shor tes t  half-l ife of all hepa t i c  
phospholipids .  Total  aeyl half-l ife was  shor te r  for the  choline 
glyeerophospboi ipids  t h a n  for  the  e thano l amine  glycerophospho-  
lipids, as  were  the half- l ives of all i nd iv idua l  n-3 f a t t y  acids .  
E icosapen taeno ic  acid  ( 2 0 : 5 n - 3 )  had  the  shor tes t  half- l ife in  
both phosphol ipids  ( 5 0 - 6 0  h r ) ,  whi le  docosapentaenoic  acid  
( 2 2 : 5 n - 3 )  a n d  docosahexaenoic  acid  ( 2 2 : 6 n - 3 )  had  m u c h  
longer  half-l ives.  Specific ac t iv i t ies  of the shor te r  cha in  n-3 
fa t ty  ac ids  were  much  g r ea t e r  t h a n  the  longer,  more  u n s a t u r a t e d  

homologs at all t imes,  s u g g e s t i n g  possible di f ferences  in  the i r  
m e c h a n i s m s  of incorpora t ion  into phospholipids .  Diacylglycerol  
ana lys i s  indica ted  tha t  de novo synthes i s  could be responsible  
for  the incorpora t ion  of only a small  por t ion  of the  labelled 
h m g  chain  n-3 fa t ty  acids  found  in phosphol ipids .  The  f a t t y  
acid  half-l ives repor ted  here  for sa lmon are  in genera l  agree-  
men t  wi th  those found  prev ious ly  in m a m m a l s ,  i n d i c a t i n g  tha t  
poik i lo therms do not  necessar i ly  h a v e  reduced  levels of l ipid 
metabol ism.  
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M O D I F I E D  M E T H O D O L O G Y  F O R  D E T E I ~ M I N A T I O N  OF  
F R E E  F A T T Y  A C I D S  A N D  I O D I N E  V A L U E  O F  S O L V E N T -  
E X T R A C T E D  F I S H  O I L S  A N D  L I P I D S .  JEANNE D. JOSEPH 
and GLORIA T. SEAI~ORN', Na t iona l  M a r i n e  F i sher ies  Services ,  
Sontheas t  F i sher ies  Center ,  Char les ton Labora to ry ,  P O  Box 
i 2607 ,  Charles ton.  SC 29412.  

Iod ine  w d u e  ( I V )  and  free f a t ty  acid  ( F F A )  conten t  a re  
widely used  to respect ive ly  eva lua te  the  u n s a t u r a t i o u  and  
ind ica te  the  qual i ty  of f a t s  and  oils. I n  ou r  s tudy  of l ipide 
of Southeas t  Coastal  At lant ic  pelagic  fishes, we were  unab le  to 
obtain s u ~ c i e n t  l ipid f r o m  a s ingle  solvent  ex t rac t ion  to c a r r y  
out these de t e rmina t i ons  by  official AOCS methods  and  we 
considered mul t ip le  or  scaled-up ex t rac t ions  to be was te fu l  of 
t ime and  expens ive  o r gan i c  solvents.  O u r  m o d i f e d  methodology 
is based on the  chloroform-methanol  ex t rac t ion  sys tem of ]31igh 
and Dyer ,  but  i nco rpo ra t e s  the  F F A  t i t r a t ion  method developed 
by K e e t  al., and pe r mi t s  dupl ica te  d e t e r m i n a t i o n s  of total  l ipid 
content,  I V  and  F F A  wi th  as little as 3 g of lipid, in  chloro- 
fo rm solution. A sufficient a m o u n t  of solution r e m a i n s  for  the  
p r epa ra t i on  of fa t ty  acid methyl  esters .  The method w a s  tested 
sa t i s fac to r i ly  on a va r i e t y  of model m i x t u r e s  and  n a t u r a l  oils 
:lnd lilfids. 
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L I P I D  C L A S S E S  A N D  F A T T Y  A C I D S  OF  A T L A N T I C  
1 I E R I ~ I N G  R O E .  J .  KAITARAN'TA, C.A. EATON', and  R.G.  
ACK.'~IAN., D e p a r t m e n t  of F i she r i e s  and  the  E n v i r o n m e n t ,  Tech- 
nology ]dranch, P O  Box 550, 1 ia l i fax,  N o v a  Scotia,  B 3 J  2S7,  
Canada .  

On the Pacif ic  coast  of C a n a d a  a luc ra t ive  h e r r i n g  roe expor t  
i n d u s t r y  has  recent ly  developed. On the At lant ic  coast  the 
poorly synchron ized  s p a w n i n g  per iods  h inde r  development  of an  
efficient i n d u s t r y  p r o d u c i n g  a qual i ty  product .  An u n d e r s t a n d i n g  
of the  development  of l ipid components  as  the roe m a t u r e s  
and  of l ipid d e g r a d a t i o n  pa t t e rn s  d u r i n g  s torage,  would  p e r m i t  
bet ter  ut i l izat ion of the  At lant ic  coas t  resource.  The  l ipid con- 
tent  of b e r r i n ~  roe r a n g e s  f rom 1.5 to 5 . 1 %  of we t  we igh t .  
I n  the phospholipid,  which  is an  i m p o r t a n t  l ipid f rac t ion ,  the  
pentaenoic  and  hexaenoic  P U P A  total about  4 0 %  of the  f a t t y  
acids.  These  acids  are  p r i m a r i l y  responsible  for  the  r a n c i d i t y  
a r i s in~  f rom autoxida t ion ,  one of the  m a j o r  problems in the 
roe indus t ry .  I n  this  s tudy  the l ipid and  fa t ty  acid  composi- 
t ions  of C a n a d i a n  At lan t ic  h e r r i n g  roe will be compared  wi th  
those of he r r ln~  roe f rom the low sa l in i ty  Bal t ic  Sea.  The  
methodology includes  l ipid class de t e rmina t i ons  by  C b r o m a r o d  
th in  layer  c h r o m a t o g r a p h y  on the  I a t r o s c a n  and  f a t t y  acid 
ana lys i s  by 7.as l iquid c h r o m a t o g r a p h y  on glass  W C O T  columns,  
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A CO.XIPARISON O F  T ~ t E  F A T T Y  A L C O H O L S  A N D  A C I D S  
OF  C O P E P O D  L I P I D S  W I T H  T H O S E  O F  A T L A N T I C  
H E R R I N G ,  M A C K E R E L ,  A N D  C A P E L I N .  W.N.  RATNAYAKE, 
and  R.G.  ACK-',IAN., F i she r i e s  and  Oceans  Canada ,  Technology 
Br a nc h ,  P O  Box 550, Ha l i f ax ,  N o v a  Scotia,  B 3 J  2S7,  Canada ,  

The  fa t ty  alcohols a n d  acids  found  in commerc ia l  oils o r  
muscle  and  sk in  l ipids of At lan t ic  he r r i ng ,  mackere l ,  and  
capelin h a v e  been compared  wi th  l ipid f rom a m i x t u r e  of the  
copepods p r e s u m e d  to be the  m a j o r  d ie ta ry  source  of the  l ipids 
in  these  fish. The  p ropor t ions  of the posi t ional  i somers  of the  
2 2 : 1  alcohols and  acids  were  s tud ied  by oxida t ive  f ission and  
open- tubular  gas  l iquid chromatograph) , .  This  s tudy  d e m o m  
s t ra ted  tha t  the  u n u s u a l  w l l  s t r u c t u r e  d o m i n a t i n g  the  2 2 : 1  
f a t t y  acid i somer  m i x t u r e  in  most  m a r i n e  fish and  m a m m a l s  
is actual ly  de r ived  f rom the co r r e spond ing  22 :1w 11  f a t t y  
alcehnl of the  copepod. The f a t t y  alcohols inc luded m a n y  
mino r  components  s t ruc tu ra l ly  s imi l a r  to those found  in m a r i n e  
an ima l  f a t ty  ac ids  (e.g., iso and  anteiso 1 5 : 0  and  1 7 : 0 ) ,  and  
the  bas ic  P U P A  of p lan t  o r ig in ,  1 8 : 2 w 6  and  18:3r were  
r ep resen ted  by only about  1 %  of the  co r r e spond ing  f a t t y  
alcohols, p ropor t ions  also found  in mos t  m i x t u r e s  of m a r i n e  
f a t ty  acids.  The  C.-,o and  0",-2 p o l y u n s a t u r a t e d  alcohols w e r e  
p r e se n t  a t  ve ry  low levels except  for  e r r a t i c  p ropor t ions  of 
22:6o~3 at  up  to 1 1 % .  The  f a t t y  acids  of the  wax  es te rs  of 
the copepods were  domina t ed  by 1 4 : 0  at  3 6 % ,  bu t  the  capel in  
w a x  ester  acids  had  except ional ly  h i g h  levels ( 4 0 %  for  body 
o r i g in )  of 20:5oJ3, bu t  only no rma l  levels ( 2 - 5 % )  of 1 4 : 0 .  
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ALTERATIONS IN LONGER CHAIN FATTY ACIDS OF 
F I S H  O I L  D U R I N G  P A R T I A L  H Y D R O G E N A T I O N .  J -L .  
SEBEDIO, R.G. ACKMAk~, a n d  M.F.  LA~G.~AN., D e p a r t m e n t  of 
F i s h e r i e s  and  the E n v i r o n m e n t ,  Technology Br anch ,  P O  Box  
550, Ha l i f ax ,  N o v a  Scotia,  B3ff 2S7.  Canada .  

Samples  we~:e collected a t  i n t e r v a l s  d u r i n g  the  commerc ia l  
hydrogena t ion ,  w i th  nickel  catalyst ,  of fish oil f r o m  an  I V  of 
119 to an  I V  of 79. The methyl  es te rs  of the  Cup a n d  C~ 
f a t t y  acids  were  recovered  f r o m  p r e p a r a t i v e  g a s  l iqu id  chro- 
m a t o g r a p h y  ( G L C )  a n d  were  f r ac t i ona t ed  by AgNOs- th in  layer  
c h r o n m t o g r a p h y  ( T L C ) .  All s tages  of p rocess ing  a n d  isola t ion 
were  moni to red  by quan t i t a t i ve  open- tubular  GLC.  Cis and  
trons monoetbylenic  Coo a n d  C~ f a t t y  ac ids  w e r e  f u r t h e r  ex- 
a m i n e d  for  ethylenic bond posi t ion by oxida t ive  fission. The  
Coo and  C~ n a t u r a l  P U F A  wi th  4, 5, a n d  6 ethylenic  bonds  
were  qu ick ly  e l imina ted  in  the  course  of the  reduct ion .  A r t i f a c t  
t r i enes  (mos t ly  nonmethy lene - in t e r rup ted )  i nc reased  to 4 . 0 %  
at I V  101 and  then decreased  to 2 . 7 %  at I V  79, whi le  a r t i f a c t  
d ienes  inc reased  to 4 . 3 %  at  I V  101 and  to 1 1 , 5 %  at I V  79. 
The re  w a s  only a m a r g i n a l  i nc r ea se  in  the  C~-o a n d  022 s a t u r a t e d  
a n d  total monoethylenic  ac ids  d u r i n g  the  hydrogena t ion .  A t  I V  
79 3 6 %  a n d  the  2 0 : 1  a n d  2 9 %  of the  2 2 : 1  i s o m e r s  had  been 
conver ted  to truns.  The o r ig ina l  oil ( I V  119)  conta ined  8 5 %  
of total 2 0 : 1  as  cis w9, bu t  at I V  79 there  r e m a i n e d  only 
5 0 %  cis 20 :1w9  wi th  1 5 %  trans 2 0 : 1 ~ 9 .  S imi la r ly  f o r  the  
22 :1 ,  the  o r ig ina l  oil conta ined  9 2 %  c/s r whi le  a t  I V  79 

202A J .  A M .  O I L  C H E M I S T S '  S O C . ,  F e b r u a r y  1 9 7 9  ( V O L .  5 6 )  



there  r e m a i n e d  only 6 1 %  cis wi th  1 5 %  irons w l l .  D u r i n g  
irons manoethylen ic  isomec formatAon, ex tens ive  posi t ional  
i somer iza t ion  occur red .  At  I V  79, the  m a j o r  C~  monoe thy len ic  
i somers  fo rmed  were  cis and  trans 22 :1w10 ,  respect ively,  2.7 
and  5 . 8 %  of total 22 :1 ,  and  2 2 : 1 ~ 1 2 ,  respect ively ,  2.6 a n d  
5 , 0 %  of total  22 :1 ,  A s imi l a r  m i g r a t i o n  of the  e thylenie  bonds  
was  observed for  the  2 0 : 1  i somers ,  whe re  eis and  tran~ ~8 a n d  
oil0 were  fo rmed  in a m o u n t s  co r r e spond ing  to those  observed 
for  the  2 2 : 1  isomers .  E x t e n s i v e  fo rmat io~  of new 2~;1  ~,nd 
2 2 : 1  does not t ake  place d u r i n g  the pa r t i a l  h y d r o g e n a t i o n  ~f  
clupeid oils under  the  condi t ions  employed in Canada ,  and  
in the product ,  p ropor t ions  of 2 0 : 1  and 2 2 : 1  a re  close to those  
of the in i t ia l  composit ion,  for  example,  14 and  2 1 % ,  respect ively ,  
in  the  oil d i scussed  above. I n  m e n h a d e n  oil the  p ropor t ions  
of 2 0 : 1  and  2 2 : 1  are  much lower,  usua l ly  in  the r a n g e  1 - 4  
and  1 - 2 % ,  respect ively.  Cor responding ly ,  the  p ropor t ions  of 
2 0 : 5  and  2 2 : 6  are  usua l ly  about  10 -12  and  5 - 1 0 % ,  respect ively ,  
or twice those of clupeid oils. The  physica l  p roper t i es  of the  
par t ia l ly  h y d r o g e n a t e d  m e n h a d e n  oil will the re fore  be deter- 
mined  by the  a r t i f ac t  f a t ty  ac ids  de r ived  f rom 2 0 : 5  and  2 2 : 6  
and  the i r  posi t ion in  the  tr i ff lyceride molecule. Compar i sons  
of the composi t ions  of m e n h a d e n  oils f rmn  the At lant ic  coast  
and f r o m  the Gulf  of Mexico will be m a d e  for  the  yea r s  1976, 
1977, and  1978, and  will p rov ide  a bas i s  for  se lect ing a r t i f ac t  
fa t ty  acid  g roups  for  detai led s tudy,  
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A L K O X u  C O M B I N A T I O N S  I N  T H E  %VAX E S T E R S  
F R O M  W I N T E R I Z E D  S P E R M  W H A L E  O I L .  GAYLAND F.  
SP~:NCrg~., Nor the rn  Reg iona l  Resea rch  Center ,  U S D A ,  1815 N. 
Univers i ty ,  Peor ia ,  I L  61604.  

W a x  ester3 f rom coutmerctal,  winter ized,  s p e r m  whale  pit were  
s e p a r a t e 4  by degree  of uusatura t~ou,  The  specific combina t ions  
of f a t ty  alcohol and  fa t ty  ac id  moiet ies  m a k i n g  up each of t he  
wax  es ters  w e r e  de t e rmined  by gas  c h r o m a t o g r a p h y - m a s s  
spec t romet ry .  ~ a t u r a t e d  w a x  es ters  m a d e  up  6 %  af the  oil, a n d  
hexadec.az~yl dodecanoate  ( 1 , 3 % )  w a s  the  mos t  ~ b u n d a n t  of 
these components. A m o n g  the monoethylenic  w a x  esters,  which 
totalled 4 4 %  of the  oil, hexadecanyl  oc tadecenoate  ( 6 % )  and  
hexadecanyl  hexadeceuoate  ( 5 % )  were  p reva len t .  D ieno ids  
were  the p r inc ipa l  wax  ester  class ( 5 0 % )  wi th  octadecenyl  
oc tadecenoate  ( 1 4 % ) ,  octadecenyl  hexadecenoa te  ( 1 0 % ) ,  and  
oetadecenyi  icosenoate  ( 6 % ) .  Over 240 d i f fe ren t  w a x  es te rs  
were  detected and  quan t i t a t ed .  
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J O J O B A  O I L  AS  A R E P L A C E M E N T  F O R  S P E R M  W H A L E  
O I L .  THOMAS K. MIWA, N o r t h e r n  Regiona l  Resea rch  Center ,  
U S D A ,  1815 N. Un ive r s i ty ,  Peor ia ,  I L  61604.  

J o j o b a  (~iramond~ia chin~nsis or S. ca2ilornica) oil is the  
only k n o w n  n a t u r a l  source  of large  quan t i t i e s  of l iquid w a x  
esters  other  t h a n  whale oil f rom the e n d a n g e r e d  species Physeter 
moccocephalus (P. catodon). P r i m a r i l y  composed of es ters  of 
long cha in  Coo and  Cee acids  and  alcohols, jo joha  oil resembles  
win te r ized  spe rm whale  oil in physica l  and  chemical  constants .  
Jo joba  oil con ta ins  little or no t r ig lyce r ide  as  c o m p a r e d  to 3 0 %  
t r ig lyeer ides  iu  spe rm whale  0il. go.~oba acids  a n d  alcohols a r e  
l inear  and  un i fo rmly  w-9 in thei r  dis u n s a t u r a t i o n ,  w h e r e a s  the  
acids  and  alcohols iu spe rm whale oil a r e  d ivers i f ied  in  s t ruc-  
ture ,  i nc lud ing  methy l -branched  s t r uc tu r e s  and  a n m n b e r  of posi- 
t ionally i somer ic  ethylenic bonds. S imula ted  in-use l ub r i can t  
tests  on su l fu r ized  jo joba  and  spe rm whale  oils i nd ica te  the  
g r e a t  potent ia l  for jo joba  as an  i ndus t r i a l  oil fo r  use  in  
ex t r eme-p res su re  lubr ican ts ,  

225 
T H E  E F F E C T  OF  I N  u  A L T E R A T I O N  OF  ADIPOSE 
TISSUE LIPID COMPOSITION UPON THE IN VITRO 
LIPOLYTfC RESPONSE TO NOI%EPINEPHRINE. ATIF B. 
AWAD and E. ANDREW ZEPP, Department of Biochemistry 
Kirksv i l l e  College of Osteopath ic  Medicine,  Kirksvi l le ,  l~fO 63501.  

The  p resen t  s t udy  clearly shows that ,  by  f eed ing  r a t s  a semi-  
synthe t ic  diet  of k n o w n  composi t ion enr iched  wi th  s a t u r a t e d  
fa t ty  acids,  the  ep id idymal  fa t  pad  r e spons iveness  to nor-  
ep inephr ine  in v i t ro  can be abol ished re la t ive  to fa t  p a d s  f r o m  
an ima l s  fed a s imi l a r  diet  bu t  enr iched  wi th  p o l y u n s a t u r a t e d  
fa t ty  acids.  Addi t ion  of v a r y i n g  concen t ra t ions  of no rep ineph r ine  
to the  incuba t ion  m e d i u m  produced  a clear dose-response rela-  
t ionship  in fa t  pads  f rom an ima l s  fed diet  en r i ched  wi th  poly- 
n n s a t u r a t e d  f a t t y  ac ids  while  no effect of n o r e p i n e p h r i n e  w a s  
a p p a r e n t  a t  any  dose level in  f a t  t i s sue  f r o m  an lma]s  fed  
s a t u r a t e d  f a t t y  acids.  These  changes  in  lipolytlc r e spons ivenes s  
were  c o n c u r r e n t  wi th  a l t e ra t ions  in f a t t y  ac id  composi t ions  of 
adipose  t i s sue  phosphol ip ids  and  t r ig lyce r ides  as  well  as  i n  
total t i s sue  conten ts  of phosphol ip ids  a n d  cholesterol.  
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R E S P O N S E  OF  L I N O L E N I C  A C I D - D E F I C I E N T  R A T S  TO 
D I E T A R Y  C H O L I N E  D E F I C f E N C Y :  S T U D I E S  ON T H E  
R O L E  OF  L I ~ O L E N I C  A C I D  I N  C H O L I N E  B I O S Y N T H E S I ~  
IN F E M A L E  RATS.  J .  TI~OCO, G. E~n~AN~, B. I~f~DwA- 
~(~\VSK[, azqd P. l~IbJhNIC~, D e p a r t m e n t  of Nu t r i t i ona l  Sciences,  
U n i v e r s i t y  of Cal i forn ia ,  Berkeley.  CA 94720.  

I n  l ivers  of choline.deficient ra ts ,  there  is of ten an  accumula-  
tion of 22 :6n - 3  phosphat idyl  e thano lamines  ( P E ) ,  p e r h a p s  due  
to reduced  t r ansme thy la t ion  of P E  to f o r m  phospha t idy l  eholines 
( P C ) .  I f  so, i t  would  mean  Ca) tha~ 22 :6n -3  P E  a re  the  
p r e f e r r e d  subs t ra t e s  for  PC fo rma t ion  by th is  path,  and  (b) 
tha t  22 :6n - 3  P E  are  r equ i r ed  p r e c u r s o r s  for  the  b iosynthes i s  
of choline in ra t s .  I f  th is  essent ia l  s u b s t r a t e  were  removed ,  
then  a secondary  choline deficiency should be induced.  There-  
fore, we reduced  the  content  of 22 :6n -3  in l iver  P E  by  f eed ing  
r a t s  for  two gene ra t i ons  on a diet  t ha t  conta ined  1 . 2 5 %  methyl  
l inoleate as the only source  of l ipid ( l inolenate-deficient  g r o u p ) .  
Control  r a t s  were  g iven  diets  wi th  0 . 2 5 %  methyl  l inolenate 
plus 2 . 0 %  methyl  linoleate ( l inolenate-supplemented  g r o u p ) .  
These r a t s  were  then t r a n s f e r r e d  to low meth ionine ,  choline- 
deficient diets  (or  chol ine-supplemented d ie ts )  in which  the  
lipid composi t ions r ema ined  the  same.  L ip ids  of liver,  p lasma ,  
bra in ,  and  muscle  were  f r ac t i ona t ed  a n d  analyzed.  L inolena te -  
deficient  a n d  l inolenate-supplemented  r a t s  responded  equal ly to 
the low methionine ,  choline-deficien~ die ts  in t ha t  both g r o u p s  
a c c u m u l a t e d  app rox ima te ly  equal  concen t ra t ions  of t r i g | yce r ide  
and  ester if ied cholesterol i a  the i r  l ivers .  The s imi la r i t i e s  of the  
responses  sugges ted  tha t  22 :6n -3  does not  h a v e  a specific role 
in the  b iosynthes is  of choline in female  r a t s .  Unexpectedly ,  

we found  that  d ie ta ry  l inolenie acid  deficiency did  reduce  p l a sma  
t r ig lyce r ide  concen t ra t ions  in both choline-deficient  and  c ho l i ne  
supp lemented  rats~ (Th i s  w o r k  was  suppor ted  in  p a r t  by 
U ~ P H S  g r a n t  AM 10166 and  by Coopera t ive  Reg iona l  P ro jec t  
NC-95, Cal i forn ia  A gr i cu l t u r a l  E x p e r i m e n t  S ta t ion , )  
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T H E  E F F E C T S  O F  P E R O X I D E  A N D  T H Y R O I D  H O t C M O N E S  
ON ERYTHROCVTE M]DMBRANES, SUSHIb K. JAIN and 
PAU~ HOCHSq'~IN, U n ive r s i t y  ef  Sou the rn  Cal i forn ia ,  School 
of Medicine,  2025  Zonal  Ave.,  Los Angeles ,  CA 90033.  

The vi ta l  role of l ipids as components  of biological m e m b r a n e s  
and  the i r  con t r ibu t ion  to cellular i n t e g r i t y  at both s t r uc tu r a l  
and  func t iona l  levels a re  well known.  In  the p r e se n t  expe r imen t s  
we have  examined  the effects of t hy rox ine  (Td) in  po ten t i a t ing  
red  blood cell ( R B C )  m e m b r a n e  l ipid d a m a g e  in the  p resence  
of low level, s teady  s ta te  amoun t s  of h y d r o g e n  peroxide .  F o r  
these purposes  an  HeO~ g e n e r a t i n g  sys tem (0.1 /Lmoles /min)  
cons i s t ing  of x a n t h i n e  oxidase  and  hypoxa n th ine  w a s  employed,  
U s i n g  these  condi t ions  there  w a s  no m e a s u r a b l e  a l te ra t ion  in  
the  perox ida t ion  of m e m b r a n e  phosphol ipids  as de t e rmined  by  
the a p p e a r a n c e  of f luorescent  polymers ,  in the ac t iv i t ies  of 
A T P a s e  and  acetylehol ine-esterase associa ted  wi th  phosphol ip ids  
or in the  vo lume of t r ea ted  cells. Howeve r ,  if T~ w a s  p re sen t  
d u r i n g  the incuba t ions  at  a concen t ra t ion  of 0.1 #M, l ipid 
perox ida t ion  and  the pa r t i a l  i nac t iva t ion  of the  m e m b r a n e -  
bound enzymes  was  observed.  These  changes  were  accompan ied  
by inc rease  in cellular volume which  lead to hemolys is  ~n 
isotonic media .  Of  the  m e m b r a n e s  phosphol ipids  only phos- 
pi~atidyl ser ine  w a s  m a r k e d l y  decreased .  T r e a t m e n t  of cells 
wi th  T~ alone caused no changes  in a n y  of the  above p a r a m e t e r s .  
The  a l t e ra t ions  were  also not observed when 6.0 p,m buty la ted  
hydroxyanisale was  included in the  med ium along wi th  the 
H~O~.genera t ing  sys tem and  T~. The  d a t a  obta ined a re  con. 
s i s t en t  wi th  the v iew tha t  the  cytotoxic effects of H20~ a re  
po ten t ia ted  by thyro id  hornmnes  t h r o u g h  reac t ions  which  in- 
volve the i r  de iod ina t ion  a t  the  l ipid sites, the f o r m a t i o n  of 
iodide radicals ,  and the  in i t i a t ion  of peroxida t iou  r eac t ions  in 
endogenous  m e m b r a n e  phosphol ipids .  Such a ser ies  of re- 
act ions  may  accoun t  for  the loss of specific m e m b r a n e  l ipids  
(e.g., phosphat idy l  s e r i ne ) ,  the  i nac t iva t ion  of m e m b r a n e  
enzymes  and,  hence, the  vo lume changes  observed.  (Suppor t ed  
by N I H  g r a n t  no. 19615. )  
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B I O L O G I C A L ,  Q U A N T I T A T I V E ,  U L T R A S T R U C T U R A L ,  A N D  
B I O C H E M I C A L  S T U D I E S  ON I S O L A T E D  R A T  H E A t ~ T S  
F E D  W I T H  E R U C I C  A C I D .  H .M.  MANZ, H.I~I. H n ,  L~R, 
I n s t i t u t  f i i r  Physiologie ,  Fre ie  Univers i t~i t  Ber l in ,  ]~B 01, W E  
02, Arn imal l ee  22, D-1000 Ber l i n  33, W e s t  G e r m a n y ;  K.  STA]gL, 
and  H .  TI~/E~ANN, U n i v e r s .  Miins ter ,  Yeast G e r m a n y .  

U n d e r  the v a r i o u s  documented  effects of e rucic  acid, the  most  
a t t en t ion  iz d r a w n  to the histological  and  biological changes  
of a n i m a l  r a t  hear t s .  Fe e d ing  h igh  e ruc ic  ac id  concen t ra t ion  
leads to a g r o w t h  r e t a r d a t i o n  in  those  an imals .  These  observa-  
t ions led to a l imi ta t ion  of e ruc ic  acid  in  foodstui~ (e-g., 
m a r g a r i n e s ,  vege tah te  oils) to 5 % -  To inves t iga t e  the  effec~ 
of 4 %  erucic  ac id  in  a diet  on g r o w t h  ra te ,  histology, and  
func t ion  of r a t  h e a r t  cell m e m b r a n e s ,  we  fed a control  and  an  
erucic  acid  diet. Af t e r  14 weeks  f eed ing  per iod  we m e a s u r e d  
the  body w e igh t ;  the  s u r f a c e  dens i ty  of mi tochoudr ias ,  the  
numer i ca l  dens i ty  of mi tochondr ias ,  the  vo lume f rac t ion  of 
c a r d i a c  muscle  cell nuclei,  capi l lar ies  and  myoca r d i a l  fibers w e r e  
e s t ima ted  hy s tereological  methods.  To de t e rmine  the  func t iona l  
i n t e g r i t y  of the  h e a r t  cetl memhr a ~ es ,  we m e a s u r e d  the  CPK 
( C r e a t i n p h o s p h o k i n a s e )  enzyme release  of the isolated r a t  
hea r t  20 rain a f t e r  a total i scheamia .  The  enzyme re lease  in- 
dicated the myoca rd i a l  cell da mage .  All an ima l s  did  not  show 
an)- difference in  g r o w t h  ra te  and  body w e i g h t  a f t e r  14 weeks.  
The quan t i t a t i ve  u l t r a s t r u c t u r a l  s tudies  show an  inc rease  of 
the  mi tochondr ia l  vo lume f rac t ion  and  an i nc rease  in  the  su r f ace  
dens i ty  per  cm a hea r t  muscle  cell. The  a rea  of c r i s t ae  re la ted  
to the un i t  myocard ia l  cell vo lume a m o u n t e d  to 2.6 m~/c,m a for  
the  control  g roup  and  to 4,3 mZ/cm 3 for  the diet  fed  g roup .  
Rela ted  to the un i t  mi tochondr ia l  vo lume the c r i s t ae  m e m b r a n e  
concen t ra t ion  is i nc reased  f rom 10,4 to 13,4 m 2 / e m  a. The  
biochemical  da ta  show a m a r k e d  inc rease  of C P K  enzyme 
release a f te r  an i scheamic  per iod  of 20 rain of those h e a r t s  fed 
with erucic  acid  i n d i c a t i n g  an inc reased  f r ag i l i t y  of cell mem-  
b r a n e s  and  an i m p a i r e d  A T P / e n e r g y  supply.  I n  spite of v a r i o u s  
inves t iga t ions ,  i t  is not  c lear  whe lhe r  an  increase  of %he su r f ace  
dens i ty  of the mi tochondr ia l  c r i s tae  coincides  wi th  an  inc rease  
in enzyme act iv i ty .  O u r  resul t s  show a n e g a t i v e  corre la t ion 
between inc reased  su r f a c e  dens i ty  of mi tochondr ia l  c r i s tae  and  
e n e r g y  supply  hy the  mi toehondr ias .  Addi t ion  of e rue ic  acid 
to food, even at  a low concen t ra t ion  of 5 % ,  could be h a r m f u l  
to the  mi tochondr ia l  func t ion  and  should be carefu l ly  rein-  
ves f iga ted .  ( H.E. I -L  suppor'~ed by Deu t sche  Fo r schuugs -  
gemeiuschaf t .  ) 
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S U R F A C E  V I S C G S I T f E S  O F  P H O S P F I O L I P f D  A N D  CHO-  
L E S T t ~ R O L  M O N O L A Y E R S  AS i ' 5 ~ A S U R E D  BY T ~ E  
O S C I L L A T I N G  P E N D U L U M  M E T H O D .  I~HOB~ICT W.  E v ~ ' S ,  
~, TINOCO, and  M.A. WILLIAMS, D e p a r t m e n t  of Nut r i t iona l  
Sciences,  U n i v e r s i t y  of Cal i fornia ,  Berkeley ,  CA 94720.  

The viscosi ty  of a m e m b r a n e  or m e m b r a n e  model  sys tem is 
a m e a s ~ r e  of the mobi l i ty  of the molecules in the  sys tem.  There-  
fore we have  measured ,  by the osci l la t ing p e n d u l u m  method,  
su r f ace  viscosi t ies  in monolayers  of v a r i o u s  phosphol ipids  and  of 
cholesterol. Viscosi t ies  were  expressed  as the  r a t e  of d a m p i n g  
of oscil lat ions of a pen t lu lum by a l ipid monolayer  r e la t ive  to 
the r a t e  of d a m p i n g  p roduced  by  a clean w a t e r  su r face .  
Viscosi t ies  were  m e a s u r e d  as a func t i on  of su r f ace  p r e s s u r e  
and  molecular  a r e a  at  22 "4- 2 C. L ip ids  i nves t iga t ed  inc luded  
cholesterol, 1-pahni toyl-2-arachidonoyl-phosphat idyl  choline ( 1 6 : 0 -  
2 0 : 4 n - 6  P C ) ,  1-palmitoyl-2-s tearoyl-phosphat idyl  choline ( 1 6 : 0 -  
1 8 : 0  P C )  and  the d ipahni toyl  species of phospha t idy l  choline 
( P C ) ,  phospha t idy  e thano lamine  ( P E ) ,  phospha t idy l  dimethyl-  
e thano lamine  ( P D M E ) ,  phosphat idy l  monomethy le thano lamine  
( P M M E ) ,  phospha t idy l  glycerol ( P G ) ,  phospha t id ic  ac id  ( P A l ,  
and  b is -phosphat id ic  acid  ( B P A ) .  Resul t s  a re  s u m m a r i z e d  as  
fa l lows:  Ca) S u r f a c e  viscosi t ies  ( i nc reased  d a m p i n g  of oscil- 
la t ions)  of cholesterol and  of  1 6 : 0 - 2 0 : 4 n - 6  PC  mono~ayers w e r e  
low and  bare ly  me~,surable unde r  our  condit ions,  (b)  All 
fully s a t u r a t e d  phosphol ip id  monolayers  had  h i g h  s e r r a t e  
viscosi t ies  which inc reased  wi th  i n c r e a s i n g  su r f a c e  pressure .  

J .  A M .  O i L  C H E M I S T S '  S O C . ,  F e b r u a r y  I 9 7 9  ( V O L .  5 6 )  203A 



Surface viscosities decreased approximately  in order :  di 1 6 : 0  
PA > di 16 :0  PE > di 16:0  PG > di 16 :0  PMME > d i  18 :0  
PC > di 16 :0  P D M E  > 16 :0  B P A  > 1 6 : 0 - 1 8 : 0  PC > di 16 :0  
PC. (c) Addi t ion  of 1 mole % or more of cholesterol to di 
16 :0  PC profoundly  reduced its surface viscosity.  (This  work 
was suppor ted by U S P H S  g ran t  AM 12024.)  
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BLOOD P L A S M A  L I P O P R O T E I N  AND T I S S U E  C H 0 -  
L E S T E R O L  OF C A L V E S  F E D  S O Y B E A N  OIL,  CORN OIL,  
V E G E T A B L E  S H O R T E N I N G ,  OR T A L L O W .  MARLENE 
RICHARD, NORMAN JACOI~SON, KENNETH WIGGERS, JEANNE 
STEWART, and THOMAS HEEL, 313 Kildee Hall ,  Iowa State 
Univers i ty ,  Ames, I A  50011. 

Soybean oil, corn oil, vegetable shor ten ing  (Crisco@), and 
beef tallow were fed to four  respective groups  of 2-week-old 
suckl ing calves in reconst i tuted milk formulae  which suppl ied 
309"0 of calories from fat. i ' l a sma  cholesterol was moni tored 
weekly. At 0, 5, 10, and 15 weeks of the experiment,  p lasma 
l ipoproteins  were separated into VLDL,  LDL,  HDL,  and V H D L  
fract ions hy u l [ racen t r i fuga t ion  ; cholesterol concentra t ion was 
determined in each fract ion.  After  15 weeks the animals  were 
s laughtered and samples of liver, muscle, fat, and b ra in  were 
renmved for cholesterol analysis .  The blood plasma cholesterol 
concentrat ion increased in all groups  over time. The increase 
was least for the tallow g roup ;  and increases were much greater  
for the soybean oil and corn oil g roups  than  for  the Cr i s co~  
and tallow groups.  Increases  in p lasma cholesterol concentra- 
tion were associated with the L D L  fract ion.  Data  from plasma 
l ipoprotein and t issue analyses will  be presented.  (Suppor ted  
in pa r t  by the Iowa  Beef I n d u s t r y  Council .)  
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E F F E C T S  OF D I E T A R Y  L I P I D  ON T H E  L E V E L S  OF :FREE 
AND E S T E R I F I E D  P L A S M A  C H O L E S T E R O L  I N  T I l E  
5 I O N G O L I A N  G E R B I L .  NINA J .H.  MERCI~I~ and BRIJC TM J .  
HOLL'B, Depar tmen t  of Nut r i t ion ,  U n i v e r s i t y  of Guelph, Guelph,  
Ontar io  N1G 2 W l ,  Canada.  

Var ious  governmenta l  agencies have  recommended d ie ta ry  
changes wMcil include lower ing  ttle to ta l  fa t  in take  and  in- 
creasing tile percentage of po lyunsa tu ra ted  fa t ty  acids in  the 
fat with the expectat ion that  these modificat ions would resu l t  
in a reduced plasma cholesterol level. I n  order  to confirm the 
sui tabi l i ty  of the Mongol ian gerbil  as a test  an imal  for ex- 
amin ing  the effects of these recommended changes on plasma 
cholesterol levels, the response of this  an imal  to different types 
of die tary l ipid was studied.  After  feeding a basal  diet, an imals  
were ma in ta ined  for 4 weeks on semipurif ied diets con ta in ing  
40 calorie % in fat, 14% in protein,  and 4 6 %  in  carbohydrate  
(starch :sucrose rat io of 2 : 1 ) .  P recau t ions  were taken to 
normalize the content of cholesterol and p l an t  sterol in  all diets 
which contained lard, safflower oil. or a mix tu re  of t a l low:  
safflower oil ( 3 9 : 1 )  as the dietary l ipid.  At  all sampl ing  t imes 
(1, 3, and 4 weeks),  the mean plasma levels of total, free, and  
esterified cholesterol were lowest in the an imals  fed diets con- 
t a in in~  safflower oil;  the corresponding values  were 1 2 - 8 5 %  
a'reater in gerbils fed lard and 6 0 - 1 5 1 %  greater  in  those in- 
~~162 tal low:safflower oil ( 3 9 : 1 ) .  The free cholesterol levels 
consistently exhibited a more dramat ic  response to d ie ta ry  l ip id  
than the esterified cholesterol. These and other resul ts  suppor t  
the su i tab i l i ty  of this  pa r t i cu l a r  exper imental  model for  s tudy ing  
the regula tory  effect of d ie tary  l ip id  on plasma cholesterol levels. 
(Suppor ted  by the Ontar io  H e a r t  Founda t ion , )  
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D E T E R M I N A N T S  OF P L A S M A  T R I G L Y C E R I D E S  AND 
VERY LOW  D E N S I T Y  L I P O P R O T E I N S  C H O L E S T E R O L  IN 
THE M R F I T  STUDY.  LEwis  H. KULLER, ARLENE CAG(;IULA, 
Univer s i ty  of P i t t sburgh ,  Gradua te  School of Publ ic  Health,  
130 DeSoto St.. P i t t shur~h,  PA 15261;  ~V. ~[CFATE SSIITI-I, 
Ins t i tu tes  of Medical Sciences; N(IRSIAX LASSER, College ef 
5Iedicine and Dent is t ry  of New Jersey ; STEPHEN HULLEY, 
Stanford  U n i v e r s i t y ;  and RICHARD GRImier, U n i v e r s i t y  of 
Minnesota.  

The par t ic ipan ts  in the Mult iple Risk  Fac to r  I n t e rven t i on  
Tria l  ( M R F I T )  have had plasma tr iglycerides  measured at  base- 
line and yearly thereafter .  P lasma  l ipoproteins  and t r ig lycer ides  
were measured after a 12 hr  fast. I f  the t r iglycer ides  were 
less than  300 mg % ( 9 1 %  of cases) very low densi ty  ]ipo- 
protein ( V L D L )  cholesterol was est imated hy d i v i d i n g  the 
t r iglycer ides  by 5, t r iglycer ides  > 3 0 0  mg ( 9 % )  by ul t ra-  
eent r i fugat ion.  The mean plasma t r ig lycer ide  at basel ine was 
193 mg %, nmdian 158 mg %.  The plasma t r ig lyeer ide  levels 
were directly correlated wi th  the body mass index, w t / h t  u 
increas ing  frmn a mean of 149 ( B M I  23) to 225 (BM[  32) 
The plasma tr iglyeerides  also increased with the number  of 
alcohol d r inks  per day. I n d i v i d u a l s  who were nonalcohol 
dr inkers  had a plasma t r ig lycer ide  of 179, those who had more 
than 35 d r inks  per week 219 mg %.  There was no consistent  
re la t ionship  between any other nu t r i en t s  and baseline triglye- 
eride levels. There was no consistent change in tr i~Iyceride 
levels between baseline and the year 2 examinat ion.  In-  
d iv idua l s  who gained weight  had an inerease and those tha t  
lost weight  a decrease in  t r iglycer ide levels. Pa r t i c i pan t s  who 
were on thiazide diure t ics  at  baseline had h igher  t r iMyceride 
levels. About half  of the special care pa r t i c ipan t s  were placed 
on thiazide diuret ics  between baseline and year 2. Those who 
were placed on thiazide had an increase in t r iglycerides  and 
V L D L  cholesterol as compared to those not on thiazide diuret ics.  
The effect was present  even af ter  ad jus tmen t  for weight  change. 
Changes in alcohol consumpt ion were only modestly related to 
change in tr iglycerides.  
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C O N T R I B U T I O N S  OF W E I G H T  LOSS TO C H A N G E S  IN 
L I P O P R O T E I N  C H O L E S T E R O L  L E V E L S  IN T H E  MUL-  
T I P L E  R I S K  F A C T O R  I N T E R V E N T I O N  T R I A L  ( M R F I T ) .  
NORMAN L. LASSER, College of Medicine and Dent i s t ry  of New 
Jersey, 100 Bergen St., Newark,  NJ  07103 ; STEPHEN 13. 
I~IULLEY, Inst i tutes of Niedical Sciences; ELIZABETH D. MUNVES, 
College of Medicine and Dent i s t ry  of New Je r sey ;  JEREMIAtI 
STAMLEE, Northwestern  U n i v e r s i t y  Medical School; and ROGt~R 
SHERWIN, Un ive r s i t y  of Maryland.  

The Mult iple  Risk  Fac tor  I n t e rven t i on  Tr ia l  ( M R F I T )  is a 
randomized clinical  t r ia l  in  12,866 men designed to test  the 
hypothesis  tha t  lower ing  the three major  r i sk  factors  :for 

coronary hear t  disease ( C H D )  will  reduce the incidence of 
CHD deaths in the coronary-prone men pa r t i c ipa t i ng  in  the 
study. All of the 6 0 0 0 ~  Special In t e rven t ion  ( S I )  men in  
MRF1T were advised to follow a cholesterol-lowering diet in  
which the l ipid composit ion was modified and, in  those over- 
weight,  the total  calories reduced. P l a sma  l iplds  were measured  
at baseline and annua l ly  thereafter ,  while cholesterol levels in 
l ipoprote in  f rac t ions  were measured at  tlm haseline and 2nd 
annua l  examinat ions .  Data  from both the 1st and 2nd a n n u a l  
follow-up exandna t ions  in SI  men show an associat ion be- 
tween weight  change and each of the l ip id  and l ipoprotein 
cholesterol classes. Over the 2-year period. H D L  cholesterol 
(C-HDL)  change correlated negat ively  with weight change, 
r a n g i n g  from a AC-HDL of - - 0 . 9 %  (weight  gain ___4 lb) to 
one of + 6 . 6 %  (weight  loss ~ 1 0  lb).  AC-VLDL was posi t ively 
correlated with Aweigh t  r a n g i n g  from - - 1 6 . 2 %  (weight  loss 
~ 1 0  lb) to -117.2% (weight  ga in  A4 l b ) ;  and AC-LDL was 
s imi lar ly  related, r a n g i n g  from - - 3 . 4 %  (weight  stable) to 
- - 8 . 3 %  (wei..~ht loss ~ 1 0  lb).  There was a strona" associat ion 
hetween weight change and serum cholesterol response, regard-  
less of in i t i a l  cholesterol level. The fall in cholesterol was also 
associated with hetter  adherence to the fat-modified diet as 
judeed  from the 24-hour dietary recall data, bu t  the observed 
cholesterol fall exceeded that  predicted from reported com- 
posi t ional  change by more than 5 0 %  in those losing > 1 0  lb, 
reeardless of basel ine tr iglyceride.  I n  mu l t i va r i a t e  analysis,  this  
effect of weight  loss was  also found to be independent  of alcohol 
use, snmkinz  habit,  blood pressure,  and use of an t ihyper tens ive  
drugs.  These data  suppor t  the conclusion that  weight  change 
is an impor tan t  de te rminant  of chan~'es in l ipoprotein cholesterol 
levels for men on a fat-modified diet. Moderate weight  toss 
contr ibutes  to serum cholesterol and C-LDL reduct ion in  men 
following a fat-modified eat ing pa t te rn ,  even when they are 
normot  riglyceridemic.  
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A B N O R M A L I T I E S  OF S E R U M  L I P O P R O T E I N S  I N  A B E T A -  
L I I ' O P R O T E I N E M I A .  HEEB~;RT J.  KAYDEN, Depar tmen t  of 
Medicine, New York Un ive r s i t y  School of Medicine, 550 F i r s t  
Ave., New York, NY 10016. 

Abeta . ipoproteinemia is a rare autosomal  recessive disease 
with mult iple  system clinical manifes ta t ions .  Observat ions  in  
many of the affected pa t ients  document  tha t  some of these 
clinical features  are due to malabsorpt ion  of essential  nu t r ien ts ,  
and supplementa t ion  with fat  soluble v i t amins  appears  to alter 
a number  of the described symptmns. The impor tance  of 
tocopherol to museulo-skeletal  and central  nervous  system de- 
velopment can be identified. Al though the absence of ~ apo- 
protein is a card ina l  feature  of the disease, with the absence 
of chytomicrons, very low densi ty  l ipoprotein ( V L D L )  and low 
densi',y l ipoprotein ( L D L )  in the plasma, there are also ab- 
normal i t ies  in high densi ty  l ipoproteins ( H D L ) .  Apol ipoprote in  
E is present  in the plasma of several  pat ients ,  and may account  
for the suppress ive  rolc of H D L  in the act ivi ty  of HMG-CoA 
reductase in lymphoid cell lines. The plasma l ipoprote ins  in  
pat ients  with the ra rer  form of ahetal ipoproteinemia,  i.e., where  
both parents  have the autosomal dominan t  disorder  of hypo- 
hetal ipoproteinemia,  are to be compared with the more fre- 
quently described cases of abetal ipoproteinemia,  where both 
parents  are apparen t ly  normal.  
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N O R M O T R I G L Y C E R I D E M I C  A B E T A L I P O P R O T E I N E M I A :  A 
C L I N I C A L  S Y N D R O M E  A S S O C I A T E D  W I T H  A B N O R M A L  
A P O L I P O P R O T E 1 N  B. MARY J. MALLOY, ~0HN P. KANE, 
D.A. HARD.MAN, Card iovascu la r  Research Ins t i tu te ,  U n i v e r s i t y  
of California,  San Francisco,  CA 94143 ;  and KANU B. DALAL, 
Hea r t  Research Ins t i tu te ,  P resby te r i an  Medical Center, San 
Francisco,  CA. 

A nine-year-old female was found  to have  serum cholesterol 
levels from 23 to 37 m g / d l .  Chylomicrons and l ipoprote ins  of 
alpha and prebeta mobil i ty  were seen on electrophoresis in 
agarose gel, but no beta l ipopre te ins  have been noted d u r i n g  one 
year 's  observation.  Serum tr iglycerides,  fast ing,  va ry  from 20 
to 35 m g / d h  The composit ion of l ipoprote ins  separated from 
pos tprandia l  serum by p repara t ive  u l t r acen t r i fuga t i on  was :  

Percent  by mass 

rag /  Pro- 
Frac t ion  ~ dl PL :FC CE TG X rein 

d <  1 . 0 0 6 g / c m  3 96 9.2 3.6 5.3 70.4 4.0 7.8 
1.006 < d < 1.063 1 22.4 4.0 44.0 7.2 2.4 20.0 
1.063 < d <  1.21 74 18.1 2.6 21.4 2.0 2.8 53.1 

" PL,  phosphol ip id ;  FC, free cholesterol;  CE, cholesteryl 
ester;  TG, t r ig lycer ide ;  X, unident i f ied  polar  lipid, probably 
hydroperoxidized. Increased  sphingomyel ins  were noted in all 
fractions.  

Fol lowing 100 g oral  fat loads serum tr iglycerides  rose as high as 
9 0 - 1 9 0  rag/d[  and serum contained spherical  l ipoprotein part icles  
of 4 0 0 - 2 0 0 0  A diameter,  but  no increase in protein  or l ip id  
occurred in the 1.006 < d < 1.063 g / e m  3 ( L D L )  in terval .  No 
malabsorpt ion  of TG occurred and hiopsied in tes t ina l  mueosa 
was normal  24 hr  af ter  fat  load. Serum t r ig lyeer ide  levels also 
increased with carbohydrate  feeding sugges t ing  normal  secretion 
of very low densi ty  l ipoprote ins  ( V L D L ) .  The pa t i en t  is obese, 
has ataxia,  mild acanthocytosis,  and moderate developmental  
re tardat ion .  Serum tocopherol levels are immeasurably  low. 
Vi ;amin  A levels are normal  and serum carotenes moderately 
low. Electron microscopy of the I ipoproteins of the 1.006 < d < 
1.063 in te rva l  revealed sparse 300 A spheres showing core and 
surface regions and euboidal forms of 200 A diameter .  Total  
immunoreac t iv i ty  of p lasma corresponds to only 1 m g / d l  of apo 
B a l though 3 5 %  of the d < 1.006 apoprotein  is insoluble in  
4.2 M te t ramethylurea .  The d < 1.006 g / e m  3 l ipoprote ins  are 
precipi ta ted by hepar in  and ~In++. Apo ]3 from tha t  f rac t ion  is 
emnpletely soluble in 8 :M urea, differs in  amino acid com- 
posi t ion from normal  apo B, and appears  as a single band  on 
SDS gel electrophoresis eorrespondln~ to a 3,{W of 2.5 X 10 ~. 
clearly smaller than  tha t  of the p r inc ipa l  band of normal  apo ]3 
as determined by the Ferguson  technique.  These abnormal i t ies  
could represent  either a pa r t i a l  deletion muta t ion  or absence 
of an apo 13 subuni t  protein.  I n  the presence of this  defect 
secretion of V L D L  and chylomlcrons proceeds, but  the forma- 
t ion of. normal  L D L  from these precursors  is v i r tua l ly  abolished. 
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TYPE I I I  H Y P E R L I P O P R O T E I N E M I A :  I M P L I C A T I O N S  
FOR THE ROLES OF I S O A P O L I P O P R O T E I N  E3 AND 
I ' ISTROGENS ]N N O R M A L  L I P O P R O T E I N  H O M E O S T A S I S .  
WILLIAI'.I R. HAZZARD, 465 Harbo rv i ew Hall ,  326 Ninth  Ave., 
Seattle, W A  98104. 

Type l l I  hyper l ipoprote inemia  is characterized by increased 
levels of clmlesterol-rich chylomicrons (chylos) and B-migra t ing  
very low ( V L D L )  and in termedia te  densi ty l ipoproteins  ( I D L ) ,  
while low densi ty  l ipoprete ins  (LDL2, d 1 .019-1 .063)  are 
decreased, imply ing  defective catabolism of chylos and V L D L .  
These V L D L  are abnormal ly  rich in total ape-E, but  lack 
isoapolipoprotein Ea (wi th  a relat ive increase in E.2). This E3 
lack is genetically determined hy an autesomal  co-dominant 
mechanism;  expression of this  deficiency as type I I I  requires  
co-inheritance of an independent  cause of hyperl ipidemia,  
usual ly  famil ia l  coml)ined hyl)erlipidemia.  I * - V L D L  apo-B turn-  
over studies }rove eonfirmed retarded, incomplete conversion of 
hoth autologous and normal  V L D L  (from type IV donors) to 
L D L  in unt rea ted  subjects with type I I I .  Tr iglycer ide (TG)  
removal  related to heparin-releasable enzymes is moderately 
retarded, kinet ic  analysis  sugges t ing  inefficient l ipase-TG inter- 
action ( increased apparen t  Kin) but  normal  maximal  removal  
capacity. The lat ter  has been confirmed by direct measurement  
of adipose tissue l ipoprotein lipase ( L P L )  which was normal ;  
fur thermore,  pos tbepar in  hepatic  and extrahepat ic  TG lipases 
were nornml. Est rogen exerts a paradoxical ,  hypolil)idemic 
effect in type H I ,  t end ing  to normalize V L D L  composition, 
catabolic conversion to LDL,  and TG removal ;  however, while  
total apoE declines. E:~-deficiency persists.  Clofihrate also 
faciIitates V L D L - L D L  intereonvers ion while markedly reduc ing  
l ipid levels. Finally.  two family members with coincident E3 
deficiency and famil ial  hypercholesterolemia ( F H )  (and pre- 
SUml>tive apo-B reeeptor deficiency) became normal  with 
clofil>rate, while those nwmbers with F H  who were heterozygous 
for Ea deficiency did not. Hence, estrogens and clofibrate may 
faci l i tate the clearance of E:~-deficient r emnants  by a mechanism 
independent  of heth E:~-dependent and apo-B receptors. 

2 3 7  
T HE M E T A B O L I S M  OF V E R Y  L O W  D E N S I T Y  L I P O P R O -  
T E I N S  AND LOW D E N S I T Y  L I P O P R O T E I N S  IN N O R M A L  
AND D Y S L I P O P B O T E ] N E M I C  5fAN. ERNST ,J. SCtIAEFER, 
LOREN A. ZECH, and H. BRYAN BREWER, JR., Molecular 
Disease Branch,  Nat ional  Hear t ,  L u n g  & Blood Ins t i tu te ,  
Bethesda, MD. 

We inves t iga ted  the plasma kinetics of radiolabeled very  low 
densi ty l ipoprotein ( V L D L )  and low densi ty  l ipoprotein ( L D L )  
apolipoprotein (apoB) in four  normal  subjects (N) and in  
f()ur pat ients  with homozygous famil ia l  hypercholesterolemia 
( F H ) .  F H  is characterized by p remature  atheroselerosis, 
tendinous  xanthomas,  fibroblast l ipoprote in  receptor abnor- 
malities, and markedly elevated plasma cholesterol levels. Plasma,  
urine, and whole hody rad ioac t iv i ty  were nmnitored for 14 to 
21 clays. Mean L D L  apoB synthesis  was 22.51 m g / k g / d a y  in  
F H  and 8.53 m g / k g / d a y  in N. The mean f rac t ional  catabolic 
rate (FCR)  for L D L  apoB was . 19 /day  in F H  and . 4 6 / d a y  
in N. In  N alnmst all L D L  apoB was derived from V L D L  
while in F H  over 5 0 %  of L D L  apoB synthesis  was not derived 
from VLDL.  In  addi t ion  we studied V L D L  apoB metabolism 
before and d u r i n g  estrogen admin i s t r a t ion  (ethinyl  estradiel  
0.1 rag /day)  ( E l  in five normal  females. D u r i n g  E adminis t ra -  
tion plasma cholesterol and t r iglyceride increased 17% and 
85%,  respectively, and V L D L  apoB and V L D L  t r ig lyeer ide  in- 
creased 16% and 759"c, respectively. No s ignif icant  change in 
V L D L  al)oB FCR was noted dur in~  E adminis t ra t ion .  These 
data are consistent wi th  the concept tha t  E admin i s t ra t ion  
causes increased V L D L  apoB synthesis, and tha t  F H  
homozygotes have increased and aberrent  apoB synthesis  as 
well as decreased catabolism. 

2 3 8  
O X A N D R O L O N E  C A U S E S  D I S A P P E A R A N C E  OF ApoE 
PROM V E R Y  LOW D E N S I T Y  L I P O P R O T E I N S  IN T Y P E  V 
I I Y P E R L I P O P R O T E I N E M I A .  JOS~F R. PATSOH, TSU~OTU 
IIAEA, and ANTONIO M. GOTTO, JR., Baylor  College Medicine 
and The Methodist  Hospi tal ,  6516 Ber tne r  Blvd.,  Mail  S ta t ion  
A601, Houston,  TX 77030. 

We have previously demonst ra ted  that  clofibrate can normalize 
tdasma t r igiycer ide (TG)  levels in hyper t r ig lycer idemic  in- 
d iv idua ls  by decreasing very low densi ty  l ipoprote in  ( V L D L )  
plasma emmentrat ions  wi thout  a l te r ing  s ignif icant ly  their  l ip id  
and apoprotein  composition. This effect of clofibrate is accom- 
1)anted by increased levels of h igh  densi ty l ipoprotein (HDLu)  
wifich has been shown in  v i t ro  to or ig ina te  from HDL3 and 
degradated V L D L .  These effects of clofibrate can be reasonably  
explained by the documented fact  tha t  this  d rug  enhances 
lipolysis of VLDL.  Because reports  on the mode of the hypo. 
t r iglycer idemic action of the synthetic steroid, oxandrolone, are 
much more conflicting, we s tudied the effects of this  d rug  on 
a pat ient  with marked hypertr iglyceridenfia .  Before d rug  
therapy was ini t iated,  a 38-year-old male type V hyperlipo- 
proteinenfic had a plasma cholesterol (Ch) level of 233 m g / d l  
and a plasma tr iglyceride (TG)  level of 608. Of seven V L D L  
sobfract ions  isolated by zonal u l t racen t r i fuga t ion ,  those of 
Sr > 200 were the most abundan t  species. Each of the sub- 
f ract ions was unusua l ly  rich in apoE but  contained apoB, 
apoC-I, apoC-II ,  and apoC- I I I  as well. In te rmedia te  densi ty  
l ipoprotein (1DL)  and low densi ty l ipoprotein ( L D L )  had 
normal  chenfical compositions, they contained apoB but  only 
traces of apoE and apoC. H D L - C h  was 28 m g / d l  with the HDLe 
sabfrac t ion  ent irely absent and the HDL3 conta in ing  an ab- 
normally high propor t ion of TG ( 1 0 % )  and a low propor t ion  
of cholesteryl ester (CE)  (3c/o). t t D L a  exhibited an abnormal  
absence of apoC proteins.  After  admin i s t r a t ion  of 2.5 mg 
oxandrolone per (lay for one week, plasma-TG changed to 447 
aml the plasma-Ch to 295. All "v'LDL subfract ions  dropped 
significantly,  with those of Sr 60 -100  becoming the dominan t  
(rues. Similarly,  I D L  and L D L  were decreased. HDL-Ch  was 
unchanged and HDL~ remained absent. HDL3 increased sl ightly 
in densi ty due to the increase of i ts prote in  content to 5 7 % .  
subsequen t  admin i s t r a t ion  of 7.5 mg oxandrolone per clay for 
one week produced even fu r the r  changes. P lasma-TG dropped 
to 222 and plasma-Ch remained unchanged.  Wi th  this  therapy,  
all V L D L  subfraet ions  dropped dras t ical ly  with no apparen t  
cl lantes  in their  chemical composition. Of the V L D L  still  
present, those fract ions of Sf 50 -150  were the most abundan t .  

A remarkable drop of apoE to undetectable levels in each of 
tile V L D L  sabfrae t ions  was observed, while apoB- and apoC- 
proteins remained present, I D L  and L D L  levels and com- 
posit ion were not remarkal)ly altered, t tDL-Ch  decreased to 
2 l  mg/d l ,  I tDLz renmined undetectable, and HDL:~ protein  
content increased fu r the r  to 61%,  resu l t ing  in increased 
hydrated densi ty of the particle. This increase in apoprotein 
content of HDL:~ was not caused by the appearance of apoE. 
Tile previous  abnormal ly  high TG content  of HDL3 fell to 
normal  levels and "was accompanied by a rise of the CE to 
its normal level. In  sllnlluary, the oxandrolone caused a sharp  
decrease of V L D L  levels with a dras t ic  al terat ion of V L D L  
al)oprotein composition. However,  this  was not accompanied 
by a normal izat ion of H D L  levels and d is t r ibut ion ,  pa r t i cu l a r ly  
tile appearance of HIlL._,, We conclude that  the action of 
oxandrolone on V L I ) L  nletat)olism is fundamenta l ly  different  
from tha t  of clofibrate and may involve altered hepat ic  secretion 
or rapid  renloval by a lne(.hanisnl other than  i n t r avascu l a r  TG 
hydrolysis.  

2 3 9  
D E T O X I F I C A T I O N  OF ZEARALENONE-CONTAMINATED 
CORN. G.A. BENNETT, O.b. SHOTWELL, and C.W. HESSELTINE, 
Northern  Regional  Research Center, USDA,  1815 N. Uni-  
versity. Peoria,  I L  61604. 

Several  chemical and physical  t rea tments  were inves t iga ted  
as possible methods to remove or destroy zearalenone contanlina- 
tion in corn. An amnmnia t ion  process, which s ignif icant ly  lowers 
at latoxin levels in corn, had no effect on zearalenone con- 
t andna t ion  in yellow corn. Also, t rea tments  of propionic  acid, 
acetic acid, hydrm.hleric acid, sodium bicarbonate,  and hydrogen 
peroxide failed to reduce zearalenone levels. H i g h  t empera tu re  
t rea tment  (150 C) had no effect on zearalenone in  g round  
corn. Fornmldehyde,  in vapor  form from para formaldehyde  
crystals or as aqueous solutions, destroyed s ignif icant  quant i t i es  
of zearalenone in na tu ra l ly  contaminated  yellow corn and spiked 
animal  feed, Sanll)les t reated with aqueous formaldehyde 
( 0 . 7 5 %  w / w )  shouhl be dried at 50 C or more to cause 
effective dest ruct ion of zearalenone. Levels as high as 10.0 
plan zearalenone in an imal  feed and 8.0 ppm in g round  yellow 
corn were reduced to less than  0.50 ppm wi th  formaldehyde.  
Zearalenone contanl inat ion  in whole kernel  corn was not  
s ignif icant ly  reduced wi th  formaldehyde.  

2 4 0  
A S E N S I T I V E  S C R E E N I N G  M E T H O D  FOR Z E A R A L E N O N E  
IN CORN. CHARI.ES E. HOLADAY, Nat iona l  P e a n u t  Research 
Laboratory,  USI)A,  PC Box 637, Dawson, GA 31742. 

A sensi t ive screening method for zearalenone in corn based 
on min ico lumn chromatography has been developed. The sample 
is extracted with methanol  and water.  The extract  is cleaned 
up by prec ip i ta t ing  most of the in te r fe r ing  mater ia ls  out  of 
the extract  with a heavy metal salt. The zearalenone is ex- 
t raeted from the salt  solut ion wi th  toluene. A por t ion  of the 
toluene layer is pipeted onto the minieolumn,  arid the 
zearalenonc is washed down onto the interface of the florisil  
and a lumina  adsorbents  in  the min ico lumn wi th  a hexane- 
acetone solution. The column is placed under  a h igh  in tens i ty  
hmg-wave UV l ight  source, and if  zearalenone is present,  a 
blue fluorescent band at the interface of the florisil  and the 
a lumina  can be seen. Sens i t iv i ty  of the method is about  40 
# g / k g .  The presence of aflatoxin does not  cause false posi t ives  
because it is held up on the florisil  layer. Time for completion 
of a test is about  10 min and costs in  chemicals and equ ipment  
are minimal .  
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C R Y S T A L L I Z A T I O N  B E H A V I O R  OF H I G I t  E R U C I C  A C I D  
R A P E S E E D  OIL.  KXN~CHI KAWAMURA, Best  Foods Research 
and Eng inee r i ng  Center, 1120 Commerce Ave., Union ,  N J  
07083. 

DSC isothermal  analysis  was used to inves t iga te  the crystal- 
l ization behavior  of high erucic acid rapeseed oil ( H E A R  oil) ,  
in conjunct ion  wi th  usua l  coo l ing /hea t ing  methods.  The 
crystal l izat ion of HEAI~ oil was found  to be two-s taged:  (a) 
the crystal l izat ion of the a-form and (b) i ts t r ans fo rma t ion  to 
the fl-form under  isothermal  cooling conditions.  The a - form 
can also be t r ans formed  to the ~-form under  constant  hea t ing  
rate conditions, e.g., + 1 0 ~  but  th is  t r ans fo rma t ion  is 
governed by the rate of heat ing.  The crystal l izat ion behavior  
of H E A R  oil appears  to be dominated  by i ts  character is t ic  
t r iglycer ide composition as the t r ans fo rma t ions  were completely 
altered by random interesterif icat ion.  Fur the r ,  when I-IEAR 
oil was blended wi th  soybean oil ( S B O ) ,  the change in  
crystal l izat ion behavior  was propor t iona l  to the  increased 
amount  of SBO. I t  may be possible to apply th is  method 
to inves t iga te  H E A R  oil crystal l izat ion in oil and wate r  emul- 
sions. P r e l im ina ry  studies indicated tha t  the a-form did not  
cause emulsion breakdown but  the t r ans formed  fl-form, which  
might  be the expanded crystal  form, did. 

2 4 2  
S Y N T H E S I S  OF 7-, 8-, 9-, AND 1 0 - 0 X O - 1 6 - H Y D R O X Y H E X A -  
D E C A N O I C  ACID'S AND OF 7,16-, 8,16-, 9,16-, AND 10,16- 
D I H Y D R O X Y H E X A D E C A N O I C  A C I D S .  A.P.  TULLOCH, 
Pra i r i e  Regional  Laboratory ,  Nat iona l  Research Council  of 
Canada,  Saskatoon, Sask. S7N 0W9, Canada.  

The cutin of p lan ts  consists of polyesters formed f rom 
oxygenated C~6 and C~s acids. The C1~ acids consist  of mix tu res  
of 7,16-, 8,16-, 9,16-, and 10,16-dihydroxyhexadecanoic acids 
and of 7-, 8-, 9-, and 10-oxo-16-hydroxyhexadecanoic acids.  
These Clz acids have  now been synthesized by routes  which 
use common intermediates .  Methyl 7-oxo-16,17-dihydroxyhepta- 
decanoate was converted by oxidat ive cleavage followed by a 
series of selective reduct ions  and oxidat ions to 7-oxo(or 
hydroxy)-16-hydroxyhexadecanoic  acid;  reduct ion  followed by 
cleavage and selective oxidat ion gave 10-oxo(or f iydroxy)-16- 
hydroxyhexadeeanoic acid. A s imi lar  series of react ions  applied 
to methyl 9-oxo-16,17-dihydroxyheptadecanoate gave 8-oxo-(or 
hydroxy l -  and 9-oxo(or hydroxy)-16-hydroxyhexadecanoie  acids. 

2 4 3  
METHANOL AND PREPARATIVE LIPID CHEMISTI%Y. 
B. RAMESH and C.V. VISWANATHAN, L ip id  Research Labora-  
tories, No. 8, I n d r a y a n i  Fla ts  'A',  P r a b h a t  Road Lane  15, 
Poona 411004,  Ind ia .  

J .  AM,  O I L  C H E M I S T S '  SOC. ,  F ' eb rua ry  1 9 7 9  ( V O L .  56 )  2 0 5 A  



Earlier, this laboratory reported on the selective extraction 
of phospholipids free of accompanying triglycerides from egg 
yolk by methanol (communicated to the J. Am.  Oil Chem. Soc. 
on 15 -9 -78 ) .  In  this meeting, data will be presented which 
emphasizes further  tile usefulness of this solvent in tlle frac- 
tionation of other naturally occurring complex lipid mixtures.  
Brain  tissue, on repeated extractions with methanol alone, yielded 
lipids in quanti tat ive amounts (comparable with the amounts 
obtained by the Folch extraction procedure) .  Further,  crude 
euncentrates (puri ty around 9 0 % )  of sphingoglycolipids, cho- 
lesterol, and pl~ospbolipids were obtained from total brain lipids 
by simple low temperature (5 C) fractionation in methanol. 
This was possible because of the vast  solubility differences of 
various lipid classes in methanol. Fract ionation of the alkaline 
bydrolysis products of beeswax into fatty alcohols (mono- and 
diols) and fatty acids (normal and hydroxy) was achieved at 
room temperature by precipitation of the former in methanol. 
This was possible due to the vast  solubility differences between 
the fatty alcohols on the one hand, whose average chain length 
varied mainly between C26 and Ca, and fat ty acids on the 
other, whose chain length was largely restricted to C~s. Selective 
aqueous methanol extraction of phosphatidyl choline was achieved 
from naturally occurring mixtures of phosphatidyl choline and 
pbosphatidyl ethanolamine (phospholipids from egg yolk, brain, 
and soya). The various lipid concentrates so obtained in the 

above experiments are useful as the s tar t ing materials  in the 
preparation of high puri ty  lipids by the conventional chro- 
matographic methods, wherein one can simultaneously achieve 
substantial increase in yield of them per unit  column load. 

2 4 4  
CRITICAL ANALYSIS  OF S O D I U M  STEAROYL LACTY- 
LATE BY GAS L I Q U I D  CHROMATOGRAPHY.  RICHARD R, 
SUCHA~EC, Hercules Incorporated, Research Center, Wilming- 
ton. DE 19899. 

A convenient sample work-up has led to the development of a 
more generally applicable gas liquid chromatographic (GL(3) 
procedure for the analysis of sodium stearoyl lactylate (SSL) .  
Reliable calibrations can be made based on the use of in situ 
derivative-forming reactions that offer increased volatility and 
thermal stability to individual sample components. Lot-to-lot 
variat ion in composition can be monitored with the proposed 
GLC method in less than 30 min. By taking into account 
independently determined levels of water  and sodium, total 
quantitation is possible. Identification of fat ty acid feedstocks 
bus also been demonstrated. The derivatization techniques, which 
do not depend on any fractionation steps (e.g., distillation or 
extraction),  have been successfully applied to other polyester 
systems as well. 
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