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Composition and Characteristics 

CO~[PP~EHENSIVE AND ~ENERAL IIq~OI~MATION. The Uniform 
Methods Committee of the American Oil Chemists' Society 
reported the adoption of new tentative methods for hydroxyl 
value, soap in oil, nonvolatiles (solids), consistency penetration 
method, analysis of sodium alkyl benzene sulfonate, and neutral 
oil in alkyl benzene sulfonate. Minor revisions of several ex- 
isting methods were also described (Hopper et al., J. Am. Oil 
Chemizts' Sac., 37, 327). A review of the 1958 and 1959 litera- 
ture on composition and characteristics appeared as part of 
the C'Annual Review of the Literature on Fats, Oils, and De- 
te rgents , "  compiled by the American Oil Chemists' Society 
Literature Review Committee (Rusoff et al., J. Am. Oil Chem- 
is ts '  Sac., 37, 351). The 1958 literature on the chemistry, com- 
position, characteristics, and analysis of oils and fats was re- 
viewed by Rap (Literature Review on Oils and Fats, 1958, Cen- 
tral Food Technol. Res. Inst., Mysore, India, 1960). An excel- 
lent and comprehensive book on analytical methods for fats  and 
oils appeared during the year. The standardized and non- 
standardized methods and analytical information useful to the 
fat  and oil analyst concerned with problems of production, 
control, and trading specifications were presented (Mehlen- 
baeher, Analysis  o f  Fa t s  and Oils, Garrard Press, Champaign, 
Ill., 1960). The same author has discussed newer analytical 
methods pertinent to the fats and oils industry (Mehlenbacher, 
J. Am. Oil Chemists' So w 37, 613). A program based on sta- 
tistical analysis was described for periodically checking the 
accuracy of analytical techniques within and between control 
laboratories( Waters et al., ibid., 3~, 527). 

Variety, maturity, environment, and feeding effects on the 
composition of fa t  sources were subjects of numerous papers. 
The iodine value of but terfat  was found to vary with the breed 
of cow; the Parthenay breed was lower or at most equal to that 
of the Normandy breed, and both of these were lower than that  
from the Friesian breed (Kuzdzal-Savore, Intern. Dairy Cangr., 
Proe. iS th  Congr., London, 2, 1094). Five Russian breeds 
showed a range in milk fa t  content of 3.4 to 3.8% and a range 
of 34.8 to 39.2 in the iodine number of the but terfa t  (Davidov, 
Vestn~k Se~'sl~okhoz. Nauki,  Vsesoyuz. Akad. Sel'slcolchoz. 
Nauk ira. V. 1[. Lenina 1959, 81). Queensland butterfats  from 
12 centers varied in iodine value from 31.7 to 42.5 and soften- 
ing point from 31.0 to 36.4 ~ over a two-year period. Maximum 
values in total vitamin A eonte~t were found to take place 
between mid-winter and early spring and minimum values be- 
tween mid-summer and early autumn (Mitchell, Queensland J. 
Agr. Sci., I6, 31; Gartner, ibid., 1). Selection and seed breed- 
ing of sunflower resulted in varieties with oil contents up to 
49% (Zhdanov, Vsesoyuz. 25aueh.-Issledovatel. Inst .  Maslich. i 
Efiroma~lieh. Ku~'tur,  Vsesoyuz. Akad. Sel'sl~o~hoz. Nauk, 
Krat~i{ Otehet 1956, 21). Sunflower families ant/ plants were 
isolated with the oil content of seeds of 15 to 56% (Zhdanov, 
Agrobiologiya 1955, 59). A significant variation in the lino- 
lenic acid content was found in linseed oil from different plants 
within a given variety grown in the same location. In  this 
study 1,175 samples of fiaxseed from Idaho, California, South 
Dakota, Missouri, Saskatchewan and other ports of Canada 
ranged in oil content from 32.4 to 45.8%, in iodine number from 
166 to 198, in saponification number from 182 to 192, in lino- 
lenie acid content from 45 to 65%, in tinoleic acid 7 to 19%, 
and in oleic acid from 10 to 28% (Zimmerman and Kloster- 
man, Troe. N. Dakota Aead. Svi., 13, 71). 

The effect of seasonal variation on the component fa t ty  acids 
of yellowish viscera oil was described (Yukagaku, 8, 31). A 
comparison of summer and winter milk fat  showed that the 
entire C-I8 fraction increased in the summer sample, mainly at 
the expense of palmitate (Pat ton et al., J. Dairy Svg., 43, 1187). 
Studies on the fa t  content of milk from 57 dairy centers in the 
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north of Poland showed the lowest fa t  percentages in April 
and the highest in November (Budslawski et aL, Intern. Dairy 
Congr., Proc. 15tti Congr., Landau, 1, 232). A high degree of 
seasonal variation in the fa t  content of milk, with a peak in 
early winter, was also found in a semi-arid area in South 
Africa (Bakalor and Labuschagne, ibid., 225). 

The effects of maturity on the composition and character- 
istics of the lipids of fa t  sources were studied. ~.?he iodine 
number of olive oil increased during ripening (Uz:~an et al., 
Oldaginv~x, 11, 705), and the unsaponifiable matter decreased 
from 4.5 to 1.0% (C~ururachi, Olii minerali, gras~i e saponi, 
colori e vernici, 37, 45). Although the fat  content of rape- 
seed increased with ripening, the fa t  composition did not vary 
significantly (Steinbach and Franzke, Nahrnng, 3, 95). The 
unsaponifiable content of sunflower seed oil decr,3ased with 
maturity for two varieties; the relative content of sterols in 
the oil remained practically constant during this period. Changes 
in the composition of the oil were also discussed (Dublyan- 
skaya, Ysesoyuz. Na~lch.-Issledovatel. Inst .  Maslich. i Efi/ro- 
maslich. K~d'tur,  Vsesoyuz. Akad. Sel'skokhoz. 5"a, tk, Kratki{  
Otet~et 1956, 129). The lecithin level in the yolk of normal 

TABLE OF CONTENTS 

A. INTRODUCTION 

B. SOAPS AND DETERGENTS J . C .  H a r r i s  

Manufacture; processes, composition; chemical analysis; 
physical characteristics; performance and use ;esting 

C 1. PRODU CTS ( excepting detergents) - -  
H.G. Kirschenbauer 

Household, pharmaceutical, and cosmetic fa t  products; emul- 
sifiers; esters, acids, alcohols, and other fa t  derivatives; 
fa t ty  materials used in textile treatment, water-proofers, 
waxes, anticorrosive compounds, defoamers, well-drilling flu- 
ids, incendiary preparations, agriculture, and raiscellaneous 

C2. PRODUCTS (excepting detergents)--J.W Horner 
Drying oil products, paints, resins, and plasti~izers; fa t ty  
materials in lubrication, metal-working, and 1;extile oiling 

D. CO,~IPOSITION AND CHARACTERISTICS---V.V.  Studer 
Comprehensive and general information, analysis of fat  
source, grading and vitamin tests, chemical c~araeteristies, 
physical properties, detection of adulteration, composir 

E .  DETERIORATION OF FATTY MATERIALS-- 
N.R. Bottino 

Reviews; tests for deterioration, stability and antioxldants; 
mechanism; stability of fa t  products; antioxidants; other 
types of deterioration 

F. PRODUCTION PROCEsS--S.S. Chang 
Animal and fish fa t ;  vegetable oil, by-product fat,  extrac- 
tion, refining, bleaching, deodorization and deacidification, 
fraetionation and winterization, hardening, interesterifi- 
cation, splitting and partial esters, by-products of oil 
processing 

G. NUTRITION AND BIOCHEMISTRY-- 
CHOLESTEROL ~V[ETABOLISM-- 

Roslyn B. Alfin-Slater and Rosemary L. Shull 
Fat  nutrition, intestinal absorption ; intermediate metabo- 
lism; phospholipids, lipoproteins, and cholesterol ; llpids 
under diseased states; lipids in microbiology and plants 

H. BOOK REVIEW--  



424  THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 38 

fertilized eggs was relatively constant (7~9%) over 16 days 
of incubation, af ter  which it  fell to 3 to 4% (Meduski and 
Orlowska, Bull. acad. polon, sci., Set. svi. biol., 6, 455). 

The inituence of fa t s  and carbohydrates in feeds on the 
triglyeeri(~e composition of milk was determined. The quanti ty 
of f a t  in the feed influenced the yield and composition of milk 
fat.  Feed f a t  content equivalent to 40% of the milk fa t  caused 
a 28% decrease in the unsatura ted  f a t ty  acid content. An in- 
take of 65% of fat,  based on the f a t  in the milk, increased fat  
content 0.35% and caused an increase in the unsatura ted level 
to 30.5%. t~ations with a f a t  content of 80 to 100% of the fa t  
in the milk raised the u~lsaturated fa t ty  acid content still 
higher (Kniga,  Intern. Dairy Congr., Prec., 15tt~ Congr., Loll- 
don, I ,  218). Another s tudy showed that  the iodine number 
was inversely proportional to milk f a t  production of the cows 
and to the f a t  content of the milk ( t t i e ta ran ta  and Holopainen, 
Finnish J. Dairy Sc4., Z0, 37). A relationship was found be- 
tween the iodine addition product (I.P. = I. no. • % fa t  in 
feed/10) of the feed and the consistency of the back-fat  of the 
pig. A firm back-fat  was generally found if the I.P. was less 
than 27.5 (Kroeske and Hart ,  Landbouwk, Tijdschr., 70, 423). 

ANALYSIS Ol~ ti'AT SOURCES. Modern methods of analysis of 
oils, neutralization toots and gums by simple and low-cost 
methods were discussed (Estell6s, Inform. qu.im, anal. [Madrid], 
4, 101). An appara tus  was described for the rapid extraction 
and analysis of fa t ty  materials,  based on the density of the 
so lvent - fa t  solution as a function of f a t  content (Hahn  and 
Ruyssen, Agron. trop. [Nogent cur Marne], 14, 721). The cal- 
culation was made by reference to s tandard curves prepared 
from the various oil-bearing materials. Good results were ob- 
tained with peanuts,  palm nuts,  and karite seeds. Copra gave 
varying results. A rapid method for determining fa t  in foods 
and industr ial  products consisted of extracting 5 g. with 30 cc. 
of benzene, centr ifuging,  removing the solvent from 15 ce. of 
the benzene solution, and weighing. Results on bouillon cubes, 
cocoa., and chocolate products, also on confectionery and 
soap were comparable with those obtained by Soxhlet extrac- 
tion (Invernizzi and Sampietro, Boll. lab. ehi~r~, provinciali 
[Bologna], 10, 27). A revision of the A.O.A.C. method for 
crude fa t  in meat  and meat  products provided for weighing 
and drying the sample before extraction (Philbcck, J. Assoc. 
O~e. Agr. Chemists, 43, 536). Moisture and fa t  determinations 
in various meat  products were made in 3 hrs. (as compared to 
24 by the alr-oven method) by refluxing the sample with an 
azeotrope-forming f a t  solvent in a specially designed compart- 
mented flask (Wistreich et al., Anal. Chem., 32, 1054). Kamala  
seed kernels were satisfactori ly extracted with petroleum ether 
and water  as co-solvents by violent s t i r r ing for 4 hrs. at 
400 r.p.m. Presoaking the meal cut down the time to 1.5 hrs. 
The opt imum weight ratios of meal:  petroleum ether:  water is 
3 :3 :2 .5 ,  respectively (San Gupta and Varma, J. Prec. Oil 
Technologists' Assoc. India, Kanpur, I4, 8). ~e thods  for esti- 
ma t ing  fa t s  in cocoa products were discussed (Loft ,  Mfg. CoT~- 
fectioner, JO, 51). The best method was a 30-hr. ethyl ether 
Soxhlet extraction of a finely-ground material. A method was 
developed for es t imat ing oil content of a single cottonseed 
f rom the area of the oil spot on filter paper af ter  it was 
pressed in a 10-ton hydraulic press (Abroad and Qurashi, 
Pakistan J. Sci. Incl. Research, Z, 13). A rapid method for the 
neutral  oil content of crude vegetable oils consisted of shaking 
2 to 3 g. of crude oil sample, 25 g. of silicic acid, and 50 ml. of 
chloroform for 10 rain., filtering it  through a sintered glass 
funnel  in ensue, washing it  with five 50-ml. lots of  chloroform, 
and evaporat ing the combined filtrates to a constant  weight. 
The results check well with the conventional silieic acid column 
chromatographic method (Roy and Arnold, J. Am. Oil Chetn- 
ists'  See., 37, 87). 

Experiments  with cottonseed oil and soybean oil showed tha t  
results obtained by the Wesson method and the cup tes t  for  
refining loss could be satisfactorily correlated only when the 
oils had the same phosphatide content( Pa rdun  and Werber, 
Fette, Seifen, and Anstrivhmittel, 6I, 1010). Tests have sho~ut 
tha t  the National  Cottonseed Processors Associat ion 's  refining 
tests  for hydraulic oils, when used on current Expeller oils, re- 
sulted in a substant ia l  under-refining of the oils as per the 
requirements of commercial practice. Adequate refining in the 
test  is met by the use of 16 ~ and 20 ~ B6. NaOH (Henry, J .  
Am. Oil Chemists' See., 37, 182). An appara tus  is described 
for the identification and deterudnation of small amounts  of 
f a t  by application of the mater ia l  to the surface of ~ liquid 
with high surface-tension (Rhth, Get. 1,t?ZT,dZP', April 3, 1958). 
A rapid detergent method wasideta i led  for the detection of 
f a t  in milk, cream, ice cream, frozen desserts, and cheese. The 
method avoids the use of sulfuric acid or other corrosive chemi- 
cals to liberate the fat.  Results by this  method Were in excel- 

lent agreement with those of the Roese-Gottlieb and Majonnier 
methods. The method was adopted by the A.O.A.C. for the 
detection of f a t  in raw milk only (Anderson et al., J. Assoc. 
O.~c. Air .  Chemists, 43, 399; Washburn,  ibid., 746). This 
method was originally reported by Macdonald (Macdonald, 
Analyst, 84, 747). A study of the fa t  content of 413 samples 
of milk, covering a period of one year, by both the Gerber 
butyrometer method and the Roese-Gottlieb gravimetric method 
showed tha t  a pipette delivering 10.74 ml. of water" at  20~ 
should be used in the Gerber test  if the two methods are to 
agree. The influence of density and solids-not-fat content of 
samples was statistically significant, though remaining within 
the tolerances permitted (Labuschagne and Vogt, S. African J. 
Air .  Sei., 3, 83). l~esults using the Gerber method varied with 
the total quant i ty  of milk f rmn which the sample was taken, 
with the height from which the sample was drawn in the weigh- 
ing container, and with the rate at which milk was drawn from 
the weighing vessel (Kirchhtibel and Meyer, De~tt. Milch. 
Wirtsch., 6, 163). The use of sulfuric acid (d. 1.7744) gave 
sat isfactory values for the bu t t e r fa t  content of sweetened con- 
densed milk by the s tandard Gerber procedure (Gerber, Ind. 
Lechera, 41, 252). A comparison was made with the Babcock 
test, and the Gerber test was recommended (Levowitz, J. Milk 
aT~d Food Technol., 23, 69). 

A butyrometric acid procedure was reviewed, and suitable 
calculations for detecting the f a t  content in milk were pre- 
sented (van Houten, Ind. Lechera, 41,480; Gerber, ibid., 482). 
A routine method applicable to all types of dried milk was 
described by use of the van Gulick butyrometer.  The difference 
between duplicates was less than 0.3% fa t  (Vester, Neth. Milk 
Dairy J., 14, 44). A butyrometric f a t  determination in cream 
employed two types of butyrometers.  The required solution 
temperature was obtained by mixing concentrated sulfuric acid 
with the combined cream, water, and amyl alcohol. Both the 
solution temperature and holding time were important  variables 
(Roeder, Milchwissc*~schaft, I4, 194). The detection of fa t  in 
milk by the Roese-Gottlieb extraction of the ammoniated sam- 
ple is more rapidly done in the Mojonnier appara tus  than by 
the s tandard Weibull-Stoldt procedure (Mrozek, Deut. Mol- 
kerei Ztg., 80, 895). Certain free fa t ty  acids evaporating dur- 
ing drying caused an error of 0.4 to 1.7% in the determination 
of dry mat ter  in blue cheese. The error in the calculation of 
f a t  in dry mat ter  was of the same magnitude,  and consequently 
high values were obtained. Methods for  diminishing this error 
were discussed (Sjhstrhm and Willart,  I~tern. Dairy Congr., 
Prec., 15th Congr., London, 3, 1474). A portable apparatus  
was described for the determination of acidity and fa t  in milk 
(Yavel 'berg,  U.S.S.R. 120,679, June  19, 1959). 

Gm~DING .~.','D VIT.~L',- T~S~. The theory of color and the 
factors utilized in color measurement  on fa t s  and oils were 
reviewed (Naudet ,  Roy. fermentations et inds. aliment., 14, 
154). A simple photocolorimeter with four interferential  filters 
at  624, 552, 496, and 444 mtL was used in place of a spectre- 
photometer for characterizing the color of oils. Factors were 
developed tha t  led to results similar to those obtained by spec- 
trophotometry (Sambuc and Naudet ,  Rev. Franc. Corps Gras, 
7, 21). A "color i n d e x "  for cottonseed oil, determined by the 
area under the absorption curve in the region of 400 to 500 m~, 
was preferred over the A.O.C.S. photometric method as a more 
accurate measure of the relative chromagen concentration 
(Pens  et al., J. Am. Oil Chemists' See., 37, 671). With this 
method the panel score for cottonseed oil color intensi ty agreed 
better with the ~'color i n d e x "  than with the photometric color. 
A uniform color-scale and a colorimeter for grading olive oils 
were described (Cmlz ct al., Analcs Real Soc. Espa~. F{s. y. 
Q~m.,  52A, 173). The color reversion of refined and deodorized 
soybean oil was discussed in a series of articles (Harada  et al., 
Xippon Nggei-kagaku Kaishi, 3~, 545, 551, 558). Color changes 
were followed with the Lovibond colorimeter. 

The important  analytical details in the vitamin A assay were 
studied by the Vitamin Assay Commission of the Food Division 
of the Internat ional  Union of Pure  and Applied Chemistry 
(Brunius,  J. Assoc. O~c. A i r .  Chemists, 4Z, 657). The inter- 
laboratory error for a duplicate assay was 6 to 8% for oils 
with unsaponifiable mat te r  ~dth an absorption maximum lying 
within the region 325 to 327 mdt and a t  ratio E ~ ' E z ~  not ex- 
ceeding 0.3. The corresponding error was 10 to 14% for oils 
not  meeting these criteria and requiring chromatographic p u r l  
fication. Isopropyl alcohol was recommended as the most  suit- 
able solvent and beta-carotene as the best  s tandard for the 
spectrophotometric method of vi tamin A analysis  (Castrelos, 
Rev. Farm [Buenos Aires],  IOI, 15). A new spectrophoto- 
metric method for the determination of vitamin A was described. 
The unsaponifiables were extracted with benzene, an aliquot of 
the extract  was diluted with chloroform, acetic anhydride was 
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added  to a por t ion  of the  ch loroform solution,  and  a phospho-  
t ungs t i c  acid r e agen t  was  added  to develop a blue color, which 
was  read  a f t e r  1 min .  a t  620 m~ (Jakovl jev ie ,  Pharm. Week- 
blad, 95, 549).  Review ar t ic les  appea red  on the  de te rmina t ion  
of v i t a m i n  A in  m a r g a r i n e  (Nai to ,  Bitamin, 13, 371),  and  
p a p e r  pa r t i t i on  c h r o m a t o g r a p h y  me thods  for  the  microdetermi-  
na t i on  of v i t amin  A and  caro tene  (Suzuki ,  ibid., 212).  

I n  the  color lmetr ic  de t e rmina t ion  of tocopherols  a f t e r  sepa- 
r a t ion  by  paper  ch roma tog raphy ,  t races  of  wa te r  in the  pape r  
gave  h igh  a n d  var iab le  b l ank  values  (Hobson-Frohock ,  Analyst, 
84, 567).  Evidence  was  p resen ted  in  f avor  of  e-toeopherol as 
2,5,8-tr imethyl-2- (4 ,8 ,12- t r imethyl  t r ideca-3,7 ,114 r i e n y l) -cbro- 
man-6-ol  (Green,  Chem. and Ind. ~960, 73).  

ANALYSIS OF CHE~rCAL PROCESSES. A new potentiometer 
was  described fo r  the  t i t r a t i on  of  f ree  f a t t y  ac ids  in dark-  
colored med ia  and  emuls ions  or in  nonaqueous  solut ions  
(Hadicke ,  Fette, Seifen, and Anstrichmittel, 62, 584).  The  
out l ine  a r ea  me thod  of pape r  c h r o m a t o g r a p h y  was modified for  
the  detect ion of f a t t y  acids. Oils and  acids  separa te ly  had  
smooth  index-cons t i tu t ion  curves ;  for  m i x t u r e s  the  curves  were 
inflected (Poxon,  J. Oil ~ Colorer Chemists' Assoc., 43, 245).  A 
g a s  ch roma tog raph i c  me t hod  for  the  ana lys i s  of  the  a m o u n t  
and  type  of f ree  f a t t y  acids in f a t  was developed. I t  con- 
s i s ted  of the  add i t ion  o f  n -hep tadeeanoic  acid as an  in te rna l  
s t a n d a r d  to ~ pe t ro leum ether  solut ion of the  f a t  and  f a t t y  
ac id  mix ture ,  s t i r r i ng  th is  m i x t u r e  wi th  s t rong  anion base  ex- 
change  resin,  f i l tering,  w a s h i n g  with pe t ro leum ether  to remove 
fa t ,  direct ly conver t ing  the  adsorbed  f a t t y  acids to methyl  
es ters  by  s t i r r i ng  20 nfin. wi th  a n h y d r o u s  metbanol-HCt ,  ex- 
t r a c t i ng  the  me thy l  es ters  wi th  pe t ro leum ether,  concen t ra t ing ,  
and  ana lyz ing  an  a l iquot  by gas- l iquid c h r o u m t o g r a p h y  on a 
column of  Chromosorb  coated wi th  polyvinyl  acetate .  Resul t s  
were based  on t he  pe rcen tage  of recovery of added  in te rna l  
s t a n d a r d  ( H o r n s t e i n  et aL, Anal. Chem., 32, 540).  Gas chroma- 
t o g r a p h y  was also used fo r  the  ana lys i s  of  t he  lower volat i le  
f a t t y  ac ids  in foods.  I so la t ion  raethods  for  the volatile f a t t y  
ac ids  in  foods,  milk,  bu t te r ,  and  cheese were included (Diema i r  
and  Schams,  Z. Lebensm.-Utersuch. u-Forsch., 11Z, 457) .  Other  
me thods  repor ted  fo r  t he  de t e rmina t ion  of volatile f a t t y  ac ids  
in  da i ry  p roduc t s  were a c i rcular  pape r  c h r o m a t o g r a p h y  
me thod  for  mi lk  ( H a d l a n d  and  3ohnsen ,  Inte r~u Dairy Congr., 
-Prow 15th Congr., London 1959, 3, 1539) and  a combina t ion  
of  column and  pape r  c h r o m a t o g r a p h y  me thods  for the  f a t t y  
acids  f o rmed  on the  a g i n g  of cheese (Palo ,  Chem. zvesti, 13, 
602).  The  acid n u m b e r  of  crude vegetable  oils canno t  be set 
accord ing  to the  genera l  consumpt ion  of alkali  upon  neut ra l iza-  
t ion  when  phosphol ip ids  were present .  The t rue acid n u m b e r  
o f  crude vegetable  oils t h a t  did not  con ta in  gossypol was calcu- 
l a ted  accord ing  to the  f o r m u l a :  AV~ = AV -- 0.33 P where  AV 
is the  a p p a r e n t  acid va lue  and  l ~ is  the  ~c of phospha t ides  
p r e s e n t  (Rzhekh in  and  Semenov,  Trudy Vsesoyuz. Nauch.- 
IssledovateL Inst. Zhirov, 1958, 59) .  

A compar i son  of  the  t I / ibel  me thod  and  the K a u f m a n n  
me thod  fo r  the  iodine value of  u n s a t u r a t e d  f a t s  found  t ha t  the  
K a u f m a n n  me thod  gave  more  reproducible  resu l t s  and  requi red  
much  shor te r  t ime  for  comple t ion  of  the  react ion.  F o r  f a t s  
wi th  h igh  iodine values  the  reac t ion  could be speeded up by 
immers ion  of  the  flask in  a wa te r  b a t h  a t  40 to 50~ for  30 
rain. (Shte indel ,  Biul. Inst. Roslin Leczniczych, 2, 160).  The 
K a u f m a n n - B u d w i g  method  for  the  rad ioac t ive  iodometr ic  de- 
t e r m i n a t i o n  of the  iodine numbe~ was inves t iga t ed  wi th  respect  
to i t s  reproducib i l i ty  a n d  l imi ts  of  error.  Sources  of  er ror  were 
rad ioac t ive  decay, the  u n e v e n  geomet ry  of  the  grease  spots  on 
the  paper ,  and  osci l lat ion of the  voltage.  The  to ta l  of  these  
errors  could be  kep t  unde r  1% ( J ~ k y  and  Kaf fka ,  l~lelmez~si 
Ipar, 13, 333; 3~ky  and  Ka f fka ,  Fette, Seifen, and Anstrich- 
mittel, 62, 682).  A spec t rophotomet r ic  m e t h o d  for  the  micro- 
de t e rmina t ion  o f  the  iodine value  employs  a r e agen t  con ta in ing  
2 %  iodine in  glacial  acetic acid and  2% mercur ic  ace ta te  in 
glacial  acetic acid 1 :1  (vol.-vol.) and  f u r t h e r  d i lu t ion so t ha t  
the  a m o u n t  of  iodine in 0.1 ml. of  the  solut ion is 2-2.5 t imes  
the  a m o u n t  of  iodine to be  consumed.  The  add i t ion  to the  sam- 
ple and  to a b lank  is m a d e  unde r  n i t r ogen  and  in  the  dark.  
A f t e r  0.05 mola r  K I  in 75% M eOH is added  to both  samples  
and  blank,  the  absorbanc ies  are  m e a s u r e d  a t  357-8 m~, and  the  
iodine n u m b e r  is ca lcula ted  f r o m  t he  difference.  Values  in 
good a g r e e m e n t  wi th  t he  W i j s  m e t h o d  were ob ta ined  (Stairs,  
Rec. tray. chim., 78, 713).  A direct  volumetr ic  de te rmina t i3~  
of  the  iodine n u m b e r  employed a 0.15N bromo-acet ic  acid solu- 
t ion  and  a P t  double electrode wi th  a t r an s i s t o r  indica tor .  
Resu l t s  were cons i s ten t  b u t  lower t h a n  other  me thods  (Napol i ,  
Boll, lab. chim, provineiati [Bologna] ,  10, 346).  A commer-  
cial b l each ing  solution,  Clorox, was used as a r eagen t  in the  
de t e rmina t ion  of u n s a t u r a t i o n  of oils (Choudhury ,  J. Am. Oil 

Chemists' Soc., 37, 198).  The  use  of N-b romosuc ( in imide  in  
the  iodine n u m b e r  de t e rmina t ion  resul ted  in an  accuracy  of 
•  ( Jovtschef f ,  Na.hrung, 3, 153).  The  f a t t y  ac ids  of  olive 
oil and  the i r  me thy l  es ters  reacted with 0.2 N solut ions of 
iodine in  a n h y d r o u s  5.IeOH to add  I and  MeG radicals  to the  
double bonds.  The acids  were not  esterified in anh y d ro u s  
MeOH.  I f  the  5 l eGi t  conta ined  5~?~ water ,  the  acids were 
esterif ied and  the  esters  not  only added  5[eO and I to the  double 
bond  bu t  also had  an  H of the --C replaced by  all :~ieO group 
( T y u t y u n n i k o v  and  Novi t skaya ,  Ukraine. Khim. Zb~ . ,  26, 218) .  
A compara t ive  s tudy  of the i n f r a r ed  spec t ra  of milk f a t s  of  
d i f fe rent  m a m n m l s  showed tha t  f a t s  with a h igh  I n u m b e r  
were charac ter ized  by a doublet  a t  9 ~. The ext inct ion ,~t 
3.33 ~ was propor t iona l  to the  I n u m b e r  (Liick and  Kiihn,  
Milchwissenschaft, 14, 339).  A cont inuous  absorp t ion  of I by 
hyd rogena t ed  cas tor  oils over a 12-hr. period resul ted f: 'om un- 
known causes  (Droste ,  Rev. Fra~w. Corps Gras, 7, 396).  The  
Wink le r  me thod  was  modified to include des t ruc t ion  of the 
peroxide  g roups  in oxidized f a t  by a cold reduct ion  with S:lCl._. 
(Ga lanos  and  Vcudour i s ,  Chim. Chron, ika [Athens ,  Greece],  ~.i, 
165).  A l inear  re la t ionship  was found  between the iodine 
n u m b e r  and  the  re f rac t ive  index  of 253 samples  of  milk f a t  
( H i e t a r a n t a ,  Fil~ni~h J. Dairy Sci., 20, 3) ,  and  of 46 samples  
of  olive oils wi th  s l ight ly  d i f fe r ing  phys ica l  and  chenfical 
p roper t i es  (Frengae l l i ,  Olearia, II ,  59) .  The causes  o f  dis- 
a g r e e m e n t  in  saponif ica t ion values  and  iodine val[.es o f  wool 
grease  were s tudied  (Miyakawa  and  Omori,  Ab~ra Kagaku, .3, 
195).  

Saponif icaion values  v'~ried with the  me thod  of  de te rmina-  
t ion. Ref luxing  of the  glyeer ides  with 3N e thanol ic  K O H  or 
with 0.5 N K O t I  in h igher -boi l ing  alcohol gave  h igher  values.  
The  f a t t y  acids  recovered a f t e r  reflu-xing had  a lower iodine 
n u m b e r  and  an increased  pe rcen tage  of con juga t ed  :liene. Such 
a l t e ra t ion  of the  acids does not  take  place i f  the  de t e rmina t ion  
is c'~rried out  with 0.5N e thanol ic  K O H  (Paquo t ,  Olearia, 11, 
5).  A semi-nficro de tern l ina t ion  of the  saponif ica t ion  n u m b e r  
employed a po ten t iomete r  for  t i t r a t ion  of  the  execs3 base.  The  
saponif ica t ion n u m b e r  of  f a t  samples  as smal l  as 0.4 g. were 
de te rmined  by  th is  technique  (Gut ier rez  a n d  Mar t in ,  Grasas y 
Aceites [Seville, Spa in ] ,  10, 12) .  

A senti-micro de t e rmina t ion  of unsaponi f iab le  m a t t e r  and  
to ta l  f a t t y  ac ids  involved recovery of to ta l  fa t t : :  acids,  in- 
c luding  unsaponif iables ,  removal  of  the  f a t t y  ac ids  wi th  an  
anionic exchange  resin,  and  de t e rmina t ion  of  unsaponi f iab le  
m a t t e r  by weight .  Since the  ion exchange  me thod  was a direct  
de t e rmina t ion  of the  nonionic  components ,  t he  resu l t s  were 
c la imed to be more  accura te  t h a n  wi th  the  macro-ex t rac t ion  
method.  Tim me thod  showed a s t a n d a r d  deviat ion of 0.06 for  
the  unsaponi f iab le  m a t t e r  and  0.21 for the  to ta l  f a t t y  acid con- 
t en t  (Benedic t ,  J. Am. Oil Chemists' Soc., 37, ~t15). K h a n  
compared  dis t i l la t ion  and  ch ronmtog raph i c  sepa ra t ions  of the  
unsaponi f iab le  m a t t e r  of  oils and  concluded t h a t  solvent  extrac- 
t ion was the  best  avai lable  method.  Th i s  pape r  also descr ibed 
the  isolat ion of unsaponi f iab les  in sufficient quan t i t i e s  for  test-  
i ng  ( K a h n ,  Oleagine~tx, 15, 85) .  The  appl ica t ion  o f  fluorescence 
ind ica tors  in the  electro-optical  t i t r a t i on  for  ac id  s nd saponifi- 
ca t ion values  of  dark-colored waxes  was descr ibed (I-Iessler and  
Marsen ,  Fette, Seifen, and Anstrichmittel, 62, 579).  

The  in te r fe rence  of cer ta in  u n s a t u r a t e d  hydroxy  acids  in the  
Durbe t ak i  me thod  of  epoxide de te rmina t ion  was demons t r a t ed  
(-~Iorris et al., J. Am. Oil Chemists' Soc., 37, 323).  The con- 
cen t ra t ions  of these  acids were de te rmined  concucrent ly  wi th  
those  of epoxy componen ts  by  m e a s u r e m e n t  of  the  near - in f ra -  
red spec t ra  o f  samples  before  and  a f t e r  t r e a t m e n t  wi th  an- 
hydrous  e thereal  HCl. A me thod  was also repor :ed  fo r  dif- 
f e r e n t i a t i n g  be tween  epoxy acids  and  those  wi :hou t  epoxy 
g roups  which react  s imilar ly  in the  de te rmina t ion  of oxi rane  O 
in seed oil accord ing  to Durbe t ak i  (Smi th  et al., ibid., 320).  

The  de te rnf ina t ion  of  to ta l  and  beta-monoglycelides by  iso- 
mer iza t ion  wi th  perchloric  acid was s l ight ly  modified to im- 
prove reproducib i l i ty  ( H a r t m a n ,  J. Sci.. Food Agrie., 11, 191).  
Wi th  th is  technique  the  con ten t  of  beta monoglyeer ides  in com- 
mercia l  monoglycer ide  p r epa ra t i ons  s tored for  1�89 years  was 
in the  r ange  of 5 - 9 %  of  the  to ta l  nmnoglycer ides .  This  is con- 
t r a r y  to a recent  r epor t  t h a t  beta monoglycer ides  are  p re sen t  
in  f resh ly  p repa red  p roduc t s  only and  d i sappea r  on pro longed 
s to rage  ( H a r t m a n ,  Fette, Seifen, and Anstr~chmit~eT, 62, 271) .  
Gas-l iquid pa r t i t i on  c h r o m a t o g r a p h y  was appl ied  to the  qut~n- 
t i t a t ive  e s t ima t ion  of monoglycer ides .  The monog]yeer ide  nfix- 
tu re  was mesy la ted  with mesyl  chloride in the  presence of pyri-  
dine, and  the  r e su l t ing  dimcsyl  der ivat ives  were converted to 
allyl esters  o f  the  cons t i tuen t  f a t t y  acids  by t r e a t m e n t  with 
sod ium iodide in anhyd rous  acetone a t  100~ The allyl esters  
were then  ana lyzed  quan t i t a t ive ly  by gas- l iquid p~r t i t ion  chro- 
m a t o g r a p h y  a t  240~ on a column of Apiezon M-Celite. Bo th  
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alpha and beta monoglyeerldes were quantitatively converted to 
allyl esters by this procedure. Beta monoglycerides in a mix- 
tare of alpha and beta isomers may be determined separately 
af ter  removal of the alpha isomers by oxidation with periodic 
acid. The analytical procedure was also applicable to mono- 
glycerides in the presence of free fa t ty  acids, diglycerides, and 
triglycerides (M:cInnes etal . ,  J. Am. Oil Chemists'  See., $7, 7). 
A general method for the paper chromatographic analysis of 
mono-, di-, and triglyeerides and the mono- and diesters of 
ethylene glycol and polyethylene glycol was reported (Papa- 
riello, ibid., 396). 

ANALYSIS O~ PIcfYSICAL PROPEI~TIES. Low-resolution nuclear 
magnetic resonance (NMR) was applied to the determination 
of the liquid/solld content of fa t s  (Chapman, J. Am. Oil 
Chemists'  See., 37, 243). A comparison of NdI:R and dila- 
tometric results on margarine fa t  showed tha t  dilatometry indi- 
cated higher solids between room temperature and 100% solids. 
This may result from the fact  tha t  NMR determination is of 
the polymorphic form. This method was also all'cussed in two re- 
view articles (Hopkins and Bernstein, Can. J. Chem. 37, 775; 
Chapman, Chem. and Ind., 1960, 707). A viseometrie method 
was used to determine the quanti ty of solid fa t  in tempered 
chocolate (Duck, Forte, Seifen, and Ans~ricbmittel, 62, 705). 
The method is based on the direct relationship between the 
viscosity of the tempered chocolate and the quant i ty  of solid 
f a t  present. The curves of the expansion vs. temperatures for 
several fa ts  were recorded and illustrated, and the use of 
volumetric and gravimetrie dilatometers considered (Casella, 
Oli~ ~inerali,  grassi e saponi, eolori e vernici, 37, 195). The 
melting and dilatometric behavior of 2-oleopaimitostearin and 
2-oleodistearin were recorded. Mixtures of these glyeerides 
behaved i~1 some respects as single components (Landmann  
et al., J. Am. Oil Chemists' See., 37, 638). Dilatometric data 
were also presented for a sample of cocoa but ter  and sweet 
nfilk chocolate of the coating type. Specifications for the 
spreadabil i ty of but ter  were established in objective terms with 
the use of a modified Huebner-Thomsen appara tus  (Riel, J.  
Dairy Sci., 9, 1224). 

The melting point  of f a t  determined by the ~'rising p o i n t "  
method depended considerably on the chilling time and tem- 
perature. A nlicro-dilatometrie study of this t ransformat ion  
showed tha t  melting-point values of high reproducibility can 
be obtained when the f a t  is thoroughly solidified and its crystal  
content ~ ' t empered ' '  by heat ing at a comparatively high tem- 
perature  prior to the actual determination (Soeltoft, Chim. et 
Ind. [Par is] ,  82, 75). One melting-point method for fa ts  con- 
sisted of forming small spheres by dripping nmlten fa t  in 65- 
70% ethyl alcohol and adding these to vegetable oil and heat- 
ing. The temperature at  which the solid fa t  sphere disappeared 
was recorded as the mel t ing point (Yadaehkoria, Shornil~ 
Trader Naueh.-Issledovatel. lust .  Zhivotnovodstz'a Gruzin., 
U.S.R.R. 2, 278). An appara tus  was described for the rapid 
melting-point determination of waxes by the cooling-curve 
method (Walker, Tappi, 43, 668). The method was found to be 
useful with a wider variety of waxes than  the A.S.T.dL cooling- 
curve method. I t  had almost the same precision and required 
much less time. 

The crystalline s tructure of fa t  globules in butter  was 
studied by polarized l ight  and x-ray diffraction. The sym- 
metrical 4-part halo seen on the circumference of fa t  particles 
in nfilk and butter,  when viewed in polarized light, could not 
be at t r ibuted to erystallinity. I t  was postulated tha t  the dif- 
ferential  l ight refraction observed was caused by a liquid f a t  
fraction enveloping the solid milk f a t  globule. Photomicro- 
graphs under polarized light and x-ray diffraction spectra were 
presented (Knoop and Sanlhammer, Deut. Molkerei Ztg., 80, 
1031). Hoerr discussed the general relationship of the physical 
behavior and performance of f a t s  to their crystal structure 
and molecular configuration (ttoerr,  J. Am. Oil Chemists '  8oc., 
87, 5~9). 

A method was reported for deternfining the initial cloud, 
solidification, flow, and clear points, in tha t  order, on a single 
sample while progressively lowering the temperature by 2~ - 
intervals. The critical temperature at  which an oil stays clear 
indefinitely is between the initial cloud and the clear points. 
The method was confirmed with tests on 24 samples of refined 
and semi-refined oils, acid oils, and f a t ty  acids (Mart inenghi  
and Balestrlni, Olearia, 10, 192). An improved ~four- tempera-  
lure t e s t "  gave reproducible pour- and cloud-point values. 
These were correlated with the chemical nature of the fa t ty  
acid and were used to characterize the source of the oil (Mar- 
t inenghi and Balestrini, Olearia, 1I, 126). A filterless photo- 
electric colorimeter was recommended for the determination of 
clouding in whale oil (Khalina,  Izvest. Tikhookean. Naateh.- 
Issledovatel. Inst .  Rybnogo Khoz. i Okeanog., 4g, 265). 

Experiments on the flow properties of waxes indicated tha t  
these could be used for Olaraeterization (Brotz, Forte, Seifen, 
i~nd Anstrichmittel,  62, 31). The influence of KW-waxes on the 
solubility of wax mixtures was studied by determination of the 
solubility of different wax types and their mixtures at  25~ 
Eutectic mixtures were postulated (Lindemann,  ibid., 924). 
Other communications on physical properties were about the 
permeability of some fa t  products to moisture by the per- 
meability cup method (Landmann  et al., Y. Am. Oil Chemists '  
See., 37, t ) ,  the heat  in and volume of mixing of binary mix- 
tm'es of rapeseed, soybean, camellia, and coconut (Kusano,  
Yukagaku,  8, 57), the ionization constant solubility product 
and solubility of laurie and myrstic acid (Nyren and Back, 
Avta Chem. Scand., .I2, 1305), and the influence of the nature 
and position of side chains on the physical properties of 
alkanes and saturated fa t ty  acids (Hager,  Fette,  Seifen, and 
Anstrichmittel,  62, 7). 

CO~[POSITION ANALYSIS. The li terature dealing with methods 
(~f analysis for the consti tuents ef lipids is divided into three 
categories: Fa t ty  Acid Composition Analysis, Glyeeride Cmn- 
position Analysis, and Lipid Composition Analysis. 

Fatty Acid Composition Analysis. New methods for the 
separation and analysis of fa t ty  acids and other ]ipids were 
r~,viewed (Fontell et el., J. Lipid Res., Z, 391). A review of 
principles and au thor s '  own unpublished work on applications 
of gas chromatography to f a t  research was presented (Craig, 
Ca,. Food Inds., 31, 41). Gas chromatographic separations of 
�9 ~n artificial mixture of methyl esters and of 19 samples of but- 
ter and other fa ts  were presented, and advantages of the 
method were discussed (Houghton and Land,  Roy. Intern. 
(:hoeoIat, 15, 470). Reviews of the gas chromatographic deter- 
ruination of the cmnposition of f a t ty  acids and fa t ty  alcohol 
mixtures (Kotel 'n ikov and Datskevich, Maslobo~no-Zhirovayan 
Prom., 26, 20), and of plasma fa t ty  acids (Takahashi  and 
T.~naka, Sai.~.hin Igal'~, 15, 185) were presented. The carbon 
llUnll)er %1"38 recommended as a parameter  for  the comparison 
of gas-liquid chromatography columns in the analysis of fa t ty  
acids (Woodford and van Gent, J. Lipid gesearch, 1, 188). 
Saturated straight-chain esters have integral  carbon numbers 
whereas brahe.bed-chain and unsatura ted  esters have non- 
integral  carbon numbers.  The relative response of a thermal 
conductivity cell is terms of peak area per mole of compound 
was determined for the fa t ty  methyl esters caproate through 
mvristate.  The values were found to be a linear function of 
molecular weight (Killheffer Jr.  and Jungermann,  J. Am. Oil 
Chemists'  See., 37, 456). Retention volumes were tabulated 
for 36 methyl esters of saturated and unsatura ted f a t ty  acids 
as determined by gas chromatography of 200 and 220~ on 
silicone grease, Apiezon 5'[, and poly(diethylene glycol suc- 
cinate).  Included were esters of normal odd- and even- 
numbered saturated acids from Cs to C~6, normal unsatura ted 
acids from C~s to C.,2, and iso- and (+)-anteiso acids from C~.~ 
to C~s (Hawke e t a l . ,  .I. Chromatog., 2, 547). An unique 
method for the gas chromatographic separation of fa t ty  acid 
esters employed a stainless steel column 1,000 ram. long and 
8 ram. in internal diameter, filled with silicone grease, on stain- 
less steel Dixon rings, a eatimrometer, a dectector, a Dewar 
flask filled with a mixture of acetone and dry ice, a second 
column, eatharometer, and detector. The two detectors were 
connected to a Wheatstone bridge and a 5-mv recorder. How- 
ever the apparatus  would not differentiate between saturated 
and unsaturated acids or between various unsatura ted acids of 
the same chain-length (Jar t ,  Forte, Se l f  on, .and Anstrichmittet,  
61, 541). Methyl esters of stearie, oleic, linoleie, and linolenie 
acids were quanti tat ively separated with an accuracy within 
5(/( on ~ poly(vinyl acetate) column ( t Iornstein et el., l~rature, 
18~, 1710). The number of double bonds and carbon atoms in 
an unknown fa t ty  acid were determined by comparison of its 
relative retention volumes on a polar (polyethylene glycol adl- 
pate) and a nonpolar (Apiezon L)  s tat ionary phase in a gas- 
liquid chromatogram by use of a grid established with the pure 
acids, t~etention volumes were tabulated for 40 saturated and 
unsatura ted fa t ty  acids (James,  J. Chromatog., 2, 552). The 
amount  of elaidate found by gas chromatography compared 
well with the trans acid found by infrared analysis. Good 
separation of 5{e oleate and elaidate was accomplished with a 
capillary column (Kauf fmann  and :Lee, J. Am. Oil Chemists' 
See., 37, 386). The methyl esters of some naturally-occurring 
fa t ty  acids or their auto-oxidation products were found to be 
~lItered during gas-liquid chromatography. Conjugated tri- 
enoates undergo eis-trans isomerization. The esters of vieinally 
mlsaturated hydroxy derivatitves, with either ethylenie or 
acetylenic bonds, are dehydrated. Acetylation of the hydroxy 
group provides little or no protection agains t  such changes. 
Unsatura ted hydroperoxides are similarly altered to more 
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highly unsatura ted  derivatives. Conjugated dienoates and 
hydroxy esters tha t  are not vieinally unsa tura ted  are stable 
under the same conditions. These changes are probably caused 
in the flash heater  owing to high temperature,  with metal cata- 
lysts f rom components of the flash heater proinoting dehydra- 
tion and deacetylation (Morris et al., J. Lipid Bes., J, 412). A 
stat ionary phase of dioetyle sebacate, containing 15% sebacic 
acid, improved the symmetry of fa t ty  acid peaks in gas 
chromatography. Retention volumes at 150~ on Celite rela- 
tive to pentane as 1 were: water 0.20, HCOOH 0.81, HOAe, 
1.30, EtCOOH 1.87, CH_~:CIICOOH 2.25, PrCOOH 3.27, iso- 
PrCOOH 2.65, MeCtt :CHCOOH 5.16, BuCOOH 5.95 (Raupp, 
Angew. Chem., 7I, 284). Fa t ty  acids from human-and chicken- 
brain lipids were analyzed as their Me esters by gas chroma- 
tography on a 10-ft. diethylene glycol sueeinate polyester 
colmnn. Twenty-five resolved peaks were obtained, representing 
normal f a t ty  acids C-10 to C-24 and even-numbered alpha- 
hydroxy acids f rom C-18 to C-24 (Johnston and Kammerow, 
Proc. Soc. Exptl. Biol. Med., 104, 201). New methods for the 
preparation of methyl  esters of fa t ty  acids for gas chroma- 
tographic analysis included a small-scale methylation of fa t ty  
acids with diazomethane (Schlenk and Gellerman, Anal. Chem., 
32, 1412), nlethylation of f a t ty  acids with 2,2-dimethoxypro- 
pane in MeH and HC1 ( R a d i n e t  al., J. Lipid Research, 1, 250), 
and the direct conversion of lipid components to their fa t ty  
acid methyl esters with a large excess of sodium or potassium 
methoxide art absolute methanol (Luddy et al., J. Am. Oil 
Chemists" Soc., 37, 447). The last article also describes a silicic 
acid chromatographic adsorption eolunm technique for the re- 
moval of nrethyl esters from unsaponifiables and free acids. 
Polyester s ta t ionary phases commonly used for the separation 
of fa t ty  acid methyl esters were stabilized by the removal of 
polymerization catalysts and hydrogen ions from the polyesters 
by passing them in an ethanolie solution through Duolite A-4 
ion exchange resin (Corse and Teranishi, J. Lipid Res., I, 191). 

The use of mass  spectrometry in conjunction with gas 
chromatography for the anMysis of f a t ty  acids was described 
(IIallgren, Acta Chem. Scan&, 12, 1351). By collection of frac- 
tions eoming from the column and identification of their cmn- 
ponents by mass speetrometery, complex mixtures of fa t ty  
acids present  in but ter  and margar ine  were analyzed. The posi- 
tion of the double bond in Me oleate was deternfined by com- 
parison of the mass  spectra of Me stearate and Me 9,10-di- 
deuteriostearate, prepared by reduction of Me oleate, with 
H2NNItD (Nguyen, Acta Chem. Scan&, 12, 1350). The exten- 
sion of this method to polyunsaturated methyl esters was indi- 
eated, tIigh-resolution nuclear-spin resonanee spectral analysin 
of the possible eight-eomponent system, result ing from the 
hydrogenation of linolenie acid, was discussed, and the spectra 
of four f a t ty  acid methyl esters were presented. I t  was 
theorized tha t  the analysis would be possible if one of the 
constituents other than  9- or 12-oleie acid could be found b.v 
another method (Storey, J. Am. Oil Chemists' Son., 37, 676. 

The results of analysis of the component fa t ty  acids of olive 
oil by gas chromatography agreed with the results on the same 
oil obtained by the A.O.C.S. spectrophotometrie procedure, the 
traditional ester fract ionation method, and from thiocyanogen 
values (Gracifin et al., Nature, 184, 1941). Known mixtures of 
9 f a t ty  acid Me esters, and Me esters of olive, sesame, saf- 
flower oils, and lard were analyzed by conventional gas-liquid 
chromatography by using a thermoeonduetivity detector. Re- 
sults with the known mixtures agreed with the composition and 
with analysis  by the speetrophotometric method (Herb et al., 
J. Am. Oil Chemists' Sot., 37, 127). In  a similar study of a 
synthetic mixture of methyl esters and of methyl esters of 
corn oil, sunflower seed oil, soybean oil, linseed oil, olive oil, 
and peanut  oils, the A.O.C.S. speetrophotometric method gave 
lower values for  linoleie aeid and higher values for linolenie 
aeid (Craig and Murty, ibid., 34, 549). Gas ehromatographic 
analysis of higher fa t ty  aeids and their methyl esters was used 
to s tudy the alkali isomerization of ]inoleie add  (Beerthius 
et al., Ann. N. Y. Aead. Sci., 72, 616). 

The possibilities and limitations of ultraviolet spectrometry 
in f a t  research were reviewed (Sehauenstein, Nahrzeng, 3, 
1123). The ultraviolet speetra of mono- and polyunsaturated 
isolated f a t ty  acids and their esters in Schumann-UV at  53,000 
"r are discussed and eompared with tha t  of eonjugated com- 
pounds (Sehauenstein and Benedikt, Fette, Seifen, und An- 
striehmittel, 62, 687). Isomerization with a 1.3 N KOH in 
absolute ethylene glycol quanti tat ively eonverted linoleie and 
linolenie acids to their conjugated isomers. Tert iary BuOH 
was found to be the best replacement for ethylene glycol when 
necessary (Franzke, Nahrung, 3, 238). A simplified technique 
was deseribed for isomerizing fa ts  with K tert-butoxide in 
tert-:BuOH at 60~ for 20 hrs. Analysis for linoleie and lino- 

lenie acids and five seed oils, isomerized by thi:s "bo t t l e  
me thod , "  agreed well with results obtained by th(  A.O.C.S. 
KOH-glyeol method (White and Quackenbush, J. Am. Oil 
Chemists' Sot., 86, 653). 

The application of infrared spectroscopy in fa ts  analysis was 
thoroughly reviewed ( K a u f m a n n  et al., Fette, Seifen, und 
Anstrichmittel, 6"1, 547). The infrared spectra of several un. 
saturated f a t ty  aeids, their methyl esters, and barium salts 
were determined, and the tra~s-isomer content was calculated 
(ibid., 463). An indication was found that  the glyceride struc- 
ture influenced results in a manlmr to give high values. Data 
and equations were presented for the simultaneous analysis of 
conjugated methyl ci~'-tra~s- and tran~'-trans-octadeeadienoates 
by infrared spectrometry (Chipault  and Hawkins, J. Am. Oil 
Chemists' Son., 36, 535). Interference from --COO7~ band at 
93:~ cmA was compensated for by the use of solvent solutions 
of stearin acid and methyl stearatc, respectively, in a variable 
space cell in the reference beam (Cleverly, Anal. Chem., 82, 
128). Tiffs paper also described the determination of non- 
conjugated trans-unsaturation in C-18 acids and esters from 
natural  sources. The American Oil Chemists '  Socie;y Spectro- 
scopy Committee reported collaborative analytical results for 
the determination of trans-isomers by infrared absorption 
spectroscopy on 11 samples (O'Connor et al., J. Am Oil Chem- 
ists' Sot., 36, 627). These results were discussed with regard 
to fur ther  work necessary to devise a satisfactory procedure. 

Linoleie acid was determined in sanq)les of butter, nmtton 
tallow, and coconut oil by KMnO, oxidation, thiocyanogen 
mmlber, and speetrophotometrie methods. The values by the 
oxidation method were higher than those with the other 
methods, which urn in fairly close agreement (El Said et al., 
Egyptian Pharm. Bull., 40, 221). A simple eo]orimctric method 
was reported for the detection of esters and glyeerides of oleic, 
linoleie, and linolenic acids in fats.  Characteristic absorption 
spectra were obtained when these materials  were treated with 
ferric chloride or mercurie acetate in the presence of glaeial 
HOAe and concentrated H2SO, (Rhodes, J. Appl. Chem. [Lon- 
don], 10, 122). Methods for the thioeyanometrie determination 
of the fa t ty  acid composition of part ial ly-hydrogenated fa t s  
were detailed (M5ller and Gabrielsson, Fette, Seife.n, und An- 
strichmittel, 61, 893). 

Paper  chromatography analysis of mixtures of fa t ty  aeids 
and glycerides was reviewed, and experimental data  were pre- 
sented on the separation of mixtures containing odd- and even- 
mm~bered f a t ty  acids from C-7 to C-28 in an un(eeane-acetic 
acid system (Kaufmann ,  Fette, Seifen, uad Anstri~hmittel, 62, 
153). A thorough investigation of "cr i t ica l  p a i r s "  of fa t ty  
acids was reported hi the s:tmc paper. Quantitativ,~ determina- 
tions o polyunsaturated fa t ty  acids was obtained by photo- 
metric evaluatimi of paper ehromatograms that  employed 
undeeanactonitrile-glacial acetic acid solvent syslems (Miya- 
kawa, ibid., 61, 850). A similar procedure emph,yed tile ex- 
traction of chromatographic spots and t i t rat ion of the extracts 
with 0.005 N NaOH, using bromphenol blue as the indicator. 
The paper chromatographic separation and analysis of mono- 
glycerides from di- and triglyeerides by use of Ro:lanfine B as 
the color developer (violet-purple for  monoglyeerides) was also 
described (Jfiky, f:lelmez~s~ Ipar, 11, 148). C~ to C, acids were 
separated as their hvdroxamic acid derivatives by paper 
chronmtography (Obukhova, Ol,'isle~ie U.qlerodorodov r Zhid~ 
Faze, Akad. Nauk U.S.S.R., Dtst. Khim.-Fiz., Sborn.ik ~gtate~, 
195.9, 249). A method was developed for quanti tat ive paper 
chronmtography of higher fa t ty  acids in the form of the radio- 
active methyl esters. Autoradiography of the chromatograms 
and ptanimetric t reatment  of the photometrie curves gave 
quantitative results (Snfirnov et al., Biol:himiya, 25, 368). A 
3-stage paper chromatography method for tim separation and 
identification of mixtures of saturated, unsaturated,  and 2- 
hydroxy fa t ty  acids from C~ to C~, was described. Elevated 
temperatures during development of the ehromatogram im- 
proved the separation and solubility (Skipski et al., Arch. Bio- 
chem. and Biophys., 87, 259). Fa t ty  acid mixtures tha t  eon- 
tain myristie, I)ahnitoleie, and linoleic acids in addition to 
other consti tuents were separated on paper by use of the sys- 
tem undeeane-acetie aeid-acetonitrile and were evaluated pho- 
tometrically af ter  the Cu soap spots were colored with ditMo- 
oxamide. Spots tha t  contained more than one component were 
extracted and analyzed with a second chromatogram after  
either catalytic hydrogenation or by the so-called "hydrogen- 
ation difference m e t h o d "  ( K a u f m a n n  et al., ~ette, Seifen, 
und Anstrichmittel, 62, i ) .  The photometric reel:hod of Seher 
for the quanti tat ive evaluation of paper ehromatograms of 
fa t ty  acids was critically reviewed, and modifications were 
recommended (Seher, ibid., 61, 855). To ident ify the conju- 
gated trienie acid of the seed oil of T. a.nguina the aeld was 
isolated from the other fa t ty  acids in the oil and oxidized with 
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permanganate ;  the two cleavage products that  were obtained 
paper were chromatographed (Chowdhury, Nahrung, 4, 17). A 
modification of this method was described for the differenti- 
ation of components of f a t ty  acids, including this conjugated 
trienic acid and eleostearic acid (ibid., 230). Auto-oxidatlon 
and polymerization of parinarlc acid during paper chroma- 
tography were overcome by use of an inert  atmosphere of CO_. 
( K a u f m a n n  and Sad, Fette, Seifen, and Anstrivhmittel, 62, 
160). Circular paper chromatography was used to separate 
synthetic mixtures of pure oleic and linoleic acids. The spots 
were quanti tat ively determined with periodate-permanganate- 
benzidine development, having been photographed and reverse- 
developed to obtain a positive. The area and optical density 
were measured with a mierophotometer (Sulser, Mitt. Gebiete 
Lebens~n. and Hyg., 50, 275). 

Simplified column chromatography methods were developed 
for the separation and analysis of C, through C~2 straight-chain 
dicarboxylir acids. Good separation and quanti tat ion were 
achieved on silicic acid columns, modified by the addition of 
either water or aqueous citrate buffer solutions (Smith, Anal. 
Chem., 32, 1301). A column of Mealorub rubber was used to 
separate the hydroxy acids in castor oil (Vezinet and Naudet ,  
Rev. Franc. Corps Gras, 7, 85). A column packed with a 1:1 
mixture of Dew Corning 200 silicone on Johns-Manville Celite 
and a 75% aq. CHaCN nlobile phase were used for the separa- 
tion of odd-numbered f a t ty  acids of menhaden oil (Ge]lernmn 
and Sehlenk, Experientia, 15, 387). 

The fraet ionat ion of castor oil methyl esters by liquid-liquid 
extraction was described (Lakshmahan  and Laddha, J. Am. Oil 
Chemists' See., 37, 466). Countercurrent fract ionat ion of par- 
t ially-hydrogenated f a t t y  acids was improved by their trans- 
formation into mercury complexes. The detection of the frac- 
tions was accomplished by the dithizone method; the extinction 
was determined a t  620 m~, and the moles of f a t ty  acids were 
calculated therefrom (Schilling, Fette, Seif en, und Anstrichmit- 
tel, 61, 765). The removal of unsaponifiable matter  from fa t ty  
acids resulted in an hnproved puri ty of the fractions obtained 
by low-temperature crystallization from organic solvents 
(Grynberg et al., Prace. Inst i Lab. Badawczych Przemysln 
Sozywezego, 9, 111). Methyl oleate and pure methyl linoleate 
f rom hazelnut oil and poppy seed oil, respectively, were ob- 
tained in excellent yields by purification on a 75% silica 
gel /25% Hyflo Super-Cel column eluted with petroleum ether. 
The naturally-occurring all-c/s form of the acids was not af- 
fected by this isolation procedure (Franzke, Fette, Seifen, nnd 
Anstrichmittel, 61, 905). 

The mode of distribution of the mixed solid and liquid fa t ty  
acids of peanut  oil have been studied by the liquid-solid 
counter-current distr ibution with urea. A similar distribution 
s tudy of the saturated acids obtained on bromination of the 
mixed fa t ty  acids, followed by urea adductlon, was also re- 
ported. The fa t ty  acid composition could be calculated from 
these data  (Mehta and Meshramkar, Indian J. Appl. Chem., 2l, 
211). A fur ther  description of the brominatlon method, fol- 
lowed by urea adduction, was given by the same authors (Mehta 
and Meshramkar,  ibid., 22, 218). These methods were applied 
to the fractionation of chaulmoogra oil f a t ty  acids and ka ran ja  
oil f a t ty  acids (Mehta and Dabhade, Grasas y aeentes [Seville, 
Spain] 10, 24; Mehta and Meshramkar,  Indian J. Appl. Chem., 
23, 23). The addition of biuret  to urea was found to reduce 
the amount  of adducts formed with f a t t y  acids (Rigamonti  
and ~iccio, trette, Seifen, und Anstrichmittel, 61, 864). A 
combination of molecular distillation, followed by paper chro- 
matography,  was used to determine the fa t ty  acid composition 
of Crambe abyssinica seed oil (Niewiadomski et al., 897). 

Glyceride Composition Analysis. Kar tha  described a method 
for calculating the configuration of mixed glycerides and 
natural  fats ,  according to the rule of restricted random distri- 
bution, which states tha t  the ratio between the amounts of 
symmetrical and unsymmetrical  components in any glyceride 
type does not remain fixed but  varies f rom 1:1 to 1:2 accord- 
ing to the component f a t ty  acid composition (Kar tha ,  J. Sci. 
Ind. l~esearch [ India] ,  18A, 304). The progress of experi- 
mental  studies on configuration was also reviewed in this article. 
Hammond and Jones disagreed with K a r t h a ' s  calculation 
scheme and asserted tha t  it  is not correct to calculate from an 
equilibrium state  to another by proportions. Iu  K a r t h a ' s  
method the equations gave negative values for t r iunsa tura ted  
glycerides in cases where the saturated acids exceed 61.8% 
and the t r isa turated glyceride is reduced to the smallest pos- 
sible value ( t tan lmond and Jones, J. Am. Oil Chemists' See., 37, 
376). The authors  proposed a "co r r ec t  equa t ion"  for such 
conditions. Yander  WM reviewed the various theories of 
glyceride structure and their interrelationships (Vander Wal, 
595). The same author used data  tha t  were obtained by the 

pancreatic lipase hydrolysis technique of ~ a t t s o n  and Beck 
(C.A. 50, 10156f) as a basis for  a method of calculating the 
distr ibution of saturated and unsatura ted  f a t ty  acids in glye- 
erides containing predominately C16-Cls acids (Vander Wal, 
J. Am. Oil Chemists' Soc., 37, 18). The assumption was made 
tha t  all sa turated and unsatura ted  fa t ty  acid groups present  
in each of the three positions on the glyceride molecular are 
dispersed at  random. This same technique was used to in- 
vestigate the triglyceride structure of the back, visceral, blood, 
and milk fa t s  of an individual cow; milk fa t  before and af ter  
seven days of inanition; visceral and back-fat  of a pig;  and 
the depot fa t  f rmn a steer (McCarthy et al., J. Dairy Sc~., 43, 
1196). In  all these samples the percentages of Cue, C~, and 
C1~ saturated acids and C~ and Ca6 monounsatur~ted acids were 
found to exist in higher concentrations in the monoglycerides as 
a result of the action of pancreatic lipase than in the intact  fat .  
On the other hand, C~s saturated,  dlunsaturated,  and tr iunsatu-  
rated acids were found in lower concentrations in the mono- 
glycerides. The mixed glycerides of various animal  and vege- 
table fa ts  were analyzed by means of part ial  lipase hydrolysis 
and subsequent chromatographic fract ionat ion (Desnuelle and 
Savary, Fette, Seifen, und Anstrichmittel, 61, 871). In  the 
vegetable glycerides the unsatura ted f a t t y  acid residues occu- 
pied the middle C of glycerol while the saturated residues 
occupied the end C's .  The same distr ibution was observed 
for animal fats ,  except for pork, in which the reverse was 
found. Palmit ic  acid was predominant  over stearic at  the 
central glycerol C in pork fat .  

A paper chromatography method for glyceride analysis was 
described ( K a u f m a n n  and Schnurbusch, ibid., 523). Paper  
that  was impregnated with silicone oil and a solvent mixture 
of acetone and acetonitrile were employed. The spots were 
colored with Cu acetate and K ferroeyanide a f te r  saponifica- 
tion. In  an extension of this s tudy the same author employed 
paper tha t  was impregnated with undecane and acetic acid as 
the solvent ( K a u f m a n n  and Makus, ibid., 631). He found 
tha t  the number of zones obtained for a natural  f a t  or oil was 
constant and suggested that  the method be used as a proof of 
the pur i ty  of these fa t s  and oils. A critical s tudy was made of 
Hi ld i tch ' s  and K a r t h a ' s  oxidation method for the determina- 
tion of glyceride composition (Lakshminarayana  and R ebello, 
r. Am. Oil Chemists' Soc., 37, 274). Using pure concentrates 
of various triglycerides, the authors found both methods high 
for trisaturated-glyceride content. The saturated acid content 
was accurate with K a r t h a ' s  and Be r t r am ' s  separation pro- 
cedure, and slightly low with Hi ld i tch ' s  technique. With the 
Hilditch method disaturated azelao glycerides were unaffected 
by the Na_~COa wash and the disaturated monounsaturated gtyc- 
erides hydrolyzed considerably during oxidation. With Kar-  
t h a ' s  method the latter were slightly affected whereas the 
monosaturated d iunsatura ted  glyeerides hydrolyzed appreciably. 
This resulted in increased disaturated and t r iunsa tura ted  con- 
tents and a decreased diunsaturated content when K a r t h a ' s  
method was applied to monosaturated diunsaturated glycerides. 
I t  is suggested that,  because the experimental basis of K a r t h a ' s  
'~restricted r a n d o m "  distribution theory is unsound, the the- 
ory should be re-examined. 

In f ra red  absorption spectra were recorded for five poly- 
morphic forms of t r imargarin,  three polymorphic forms of 
trielaidin and triolein; and a t  room temperature for  1-oleodi- 
palmitin, 2-oleodipalmitin, 1,2- and 1,3-dilaurin, 1,2- and 1,3- 
dimyristin, 1,2- and 1,3-dipalmatin, 1,2- and 1-3-distearin, 1- 
and 2-nlonomyristin, 1-nmno-olein, 1-monocnprylin, 1-mono- 
caprin, 1-monolaurin, 1-monomyristin, 1-monopalmitin, and 1- 
monostearln (Chapman, ibid., 73). These curves were discussed 
with regard to detecting polymorphic form, chain-length, type 
of unsaturat ion,  and configuration. 

A method, based on the reaction of unsa tura ted  glycerides 
with mercaptoacetic acid, was described for the determination 
of t r i sa turated glycerldes in fa ts  (Eshelman et al., Anal. Chem., 
32, 344). The mercaptoacetie glycerides formed were sepa- 
rated from the neutral  t r lsa turated glycerides by extraction of 
the NH,  salts, followed by ion-exchange treatment.  The four- 
temperature test  for the identification of edible oils was de- 
scribed in detail and its application for determining different 
glyceride structures ann detection of adulterations was dis- 
cussed (Heller, Seifen-Ole-Fette-Wachse, 86, 365). 

An unique and in t r iguing technique, employing gas chro- 
matographic separation of pyrolytic products, has been applied 
to the structural  studies of fa ts  and oils (Janak,  ~Vature, 185, 
684). The experiments were curried out with a high-tempera- 
ture chromatograph with squalane as the s tat ionary phase, i~ 
as the carrier gas, and H for mainta in ing the flame. The 
pyrolytic products spectra of sonle of the oils and fa ts  and 
their related barbiturie acid derivatives were presented. The 
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graphs showed that the fragments of the molemfles present were 
always qualitatively as welt as quantitatively highly specific. 

Lipid Composition Analysis. A compilation of reviews cover- 
ing various aspects of the properties of lipids and methods for 
their analysis has appeared (Sunderman and Sunderman, eds., 
Lipids and Steroid Hormones in Clin. Meal., t~roc. Appl. Sem- 
inar, Washington, D. C., Lippineott Company, 1960). A con> 
plete listing of titles in the book follows: Classification of the 
Lipids; Extraction of Lipids from Serum, General Considera- 
tions, Extraction of Serum Lipids; Total Lipids in Serum, De- 
termination of Total Lipids and of Triglycerides by Differ- 
ence, Determination of Total Serum Lipids; Cholesterol and 
Cholesterol Esters in Serum, Brief Historic Review of Choles- 
terol Analysis; Cholesterol and Cholesterol Esters in Serum, 
General Considerations; Phospholipids in Sermn, General Con- 
siderations; Phospholipld Separation; Estinmtion of Phos- 
phorus in Serum; Method for  Lipid Phosphorus in Serum; 
Total Fa t ty  Acids in Serum, General Conditions, Total Fat ty  
Acids in Serum, Stoddard-Drury Method; Esterified Fat ty  
Acids in Serum, Stern-Shapiro Method; Free Fat ty  Acids in 
Serum, Analytical Considerations and Clinical Significance, 
Free Fa t ty  Acids in Serum, Modification of Dole Method; 
Lipoproteins in Serum, Character izat ion and Methods of 
Analysis; Lipoproteins in Serum, Clinical Significance; Frae- 
tionation of Lipoproteins in Sermu by Paper  Electrophoresis; 
Lipids in Feces, Analytical Considerations and Clinical Inter- 
pret~tions; Methods for Total Lipids and Fatty Acids in 
Feces; Meaning of Hyperlipidemia; Clinical Significance of 
Lipids in Cardiovascular Disease; Fundamental Chemical Con- 
siderations of the Steroid Hormone Metabolites, Their Origins, 
Distribution, and Measurenmnt; Colorimetric Reactions for the 
Estimation of the Steroid Hormones; Part i t ion Chromatog- 
raphy as Applied to Steroids: I. Colmnn Chromatographic 
Methods for the Analysis of Neutral Urinary Steroid Metabo- 
lites, II .  Procedure for the Estimation of Pregnanediol and 
Pregnanetriol in Urine, I I I .  Comments on Pregnanediol and 
Pregnanetriol;  Use of Radioisotopes in Steroid Methodology; 
MethodoIogy of Urinary 17-Keto Steroids, General Considera- 
tions, Determination of Urinary 1Neutral 17-Keto-Steroids; 
Methodology of Cortieosteroids and Aldosterone, Measurement 
of Urinary Corticosteroids, Modified Porter-Silber 5[ethod; 
Measurement of Plasma or Serum Cortisol; Stimulation and 
Suppression Tests of Adrenal Cortical Function; Determination 
of Aldosterone in Urine; C~inical Significance of Measurements 
of 17-K~to-Steroids and 17-Hydroxy Corticosteroids; Estima- 
tion of Urinary Estrogens, Estrogen Effect Estimated by 
Vaginal Cytology, Determination of Estrogens in Urine by 
]Moassay, Chemical Method for the Estimation of Urinary 
Estriol;  Clinical Significance of Measurement of Estrogens 
and Progesterone Metabolites; reviews with ninny references. 

The following review articles on lipid analysis appeared in 
the J. Japan Oil Chemist, '  Sot.: Chromatography (/~uwada, 
Yukaga]cu, 8, 565) ; Gas Chromatography of Fats, Fat ty  Acids, 
Their Esters, and Unsaponifiable Matter (Asahara and Yama- 
shita, ibid., 590) ; Column and Paper Chromatography of Fats,  
Fat ty  Acids, and Unsaponifiable Matter (Noda, ibid., 598); 
Chromatography of Edible Oils and Their Additives (Terada, 
ibid., 604); Chromatography of Sterols (Tanmra and Matsu- 
recto, ibid., 610); Column Chrmnatography of Conjugated 
Lipids (Hara, ibid., 618); and Chromatography of Surface- 
Active Agents and Their Builders (Ishlwata and Xagayama, 
ibid., 9, 25). The application of mass spectrometry to lipid 
research (Ryhage and Stenhagen, J. Lipid Res., i ,  361) and 
infrared absorption for the analysis of tissue lipids (Schwarz, 
Advances iu Clin. Chem., 3, 1) were reviewed. 

Radioactive reagents were employed in the analysis of lipids 
by converting free acids to Me esters with CX~H~N: and esterify- 
ing hydroxyl and amino groups being esterified with either 
(C~dHaCO)20 or (CHSaCO)sO (Marigold, Fette, Seifen, ul~d 
Anstrichmittel, 6I, 877). The esters were separated into groups 
by adsorption on silicle acid columns, and the groups were sepa- 
rated into individual components by paper chromatography. The 
components were identified and analyzed by radioactive counts 
and photographic techniques. Similar techniques (thln-laver chro- 
matography) were described in a separate paper along with 
micro methods or the resolution of unusual fa t ty  acids in total 
acid fraction that  were isolated after  saponification of liplds 
from vegetable and animal sources. Methods for tile separation 
of unsaponifiable fractions were also reported (Mangold ~nd 
Malins, J. Am. Oil Chemists' Soc., 37, 383). Further appllea- 
tion of these techniques and the use of "sil iconized chronmto- 
p l a t e s "  for the fraetionation of classes into their constituents 
by reversed-phase parti t ion chromatography were described 
(Malins and Marigold, ibid., 576). Essentially the same meth- 
ods were used for the separation of fa t ty  acids, dlglycerldes, 

hydroxy- and episulfido-fatty acids, fa t ty  alcohols, and tri- 
glycerides (Kaufmana and Makus, Fette, Seife~, und Anstr~vh- 
mittel, 62, 1014). Cormier used paper that  was impregnated 
with silicic acid to separate neutral fats of blood serum and 
to detect esterified and free cholesterol in lipid extracts (Cor- 
mier et al., Bull. sot. ehim. bio., 41, 1037). The technique de- 
scribed made possible a separation of the lipids into three 
groups: steroids, triglycerides, and mono-and diglycerides of 
cbolesteroh An extensive study of the chromatography of 
lipids on silicic acid was reported (Wren, J. Chromatography, 
4, 173). 

Dieckert and Reiser 's method of employing glass fiber paper 
impregnated with either silica gel or water-glass for the sepa- 
ration of lipids was investigated for the effects of various 
factors (Cernikov5 and Horfihek, Arch. klin. u. exptl. Dermatol., 
209, 572). The basic requirement for satisfactory separation 
o2 lipids was the thorough saturation of tile closed system 
and the glass fiber paper with the solvent mixture. The low- 
temperature chromatography of lipids on cellulose was de- 
scribed (Collins and Shortlander, J. Lipid Research, I, 352). 
Experiments were reported that denmnstrated tile feasibility of 
analyzing certain lipid-containing body fluids, such as serum, 
by direct chromatography without solvent extraction (Marinetti 
and Stotz, Biochem. et Biophys. Acts., 37, 571). The solvents 
were sufficiently polar to rupture the lipid-protein bonds and 
cause the lipids to migrate as discrete spots. The proteins re- 
mained at the origin. The chromatograms could be washed 
in water without an appreciable loss of lipids but with loss of 
most of the nonlipid compounds present. Dialysis, in con- 
junction with chromatography on silica, was employed to sepa- 
rate phospholipids, free fa t ty  acids, sterol esters, and glycer- 
ides in tissue lipid extracts (Bhttcher, Ree. tray. chim., 78, 
794). The dialyzate was extracted with aqueous KOH to ob- 
tain free fa t ty  acids, and this was followed by chromatography 
to separate stero] esters, glyeerittes, and free sterols. The 
phospholipids dialyzing through the rubber membrane were 
converted to methyl esters for analysis by gas chromatography. 
A nmdified Soxhlet extraction apparatus was described, which 
allowed the extraction to be carried out in an atnmsphere of 
nitrogen and afforded a more efficient removal of lipid from 
serum and tissue lipoproteins. Less than 2% of the lipid re- 
mained in the protein residue after 4-5 hrs. of extraction with 
a mixture of CHCh- EtzO-EtOH (3:1:1)  (Elmendorff, Z. Ges. 
Exptl. Med., t30, 142). A colorimetric determination of ester 
groups in lipid extracts was reported (Anionic, J. Lipid Re- 
search, 1, 485). 

A phospholipid-free extract of cholesterol and triglyceride 
was obtained from rat plasma by shaking the plasma with 
chloroform in the presence of a synthetic zeolite (Cheng and 
Zilbersmit, J. Lipid Research, 1, 190). The triglyceride was 
determined by analysis for glycerol after saponification of the 
sample. Wegner reviewed recent results in the isolation and 
identification of phosphatides and glycolipids by use of thin- 
layer chromatography, paper chromatography, Craig-distribu- 
tion, and IR-spectrophotometry (Wagner, Fette, Seifen, and 
Anstrichmittel, ~2, 1115). The relative mobilities of mono- 
phosphoinositide ~nd of the common choline-containing phos- 
phatides were measured on paper ehronmtograms that were 
obtained with vqrious papers and solvents (Renkonen, Ann. 
Mcd. gxperimentalis et Bi,d. Fenniae [Helsinki], 27, 197). In 
a paper that followed, these authors considered the separation 
between various nonpolar nonphospholipides and their differen- 
tiation from the most rapidly-running phosphatide range in 
the system used (ibid., 203). A procedure for the quantitative 
hydrolysis of phospholipids and the separation and estimation 
by ion-exchange chronmtography of the water-soluble phos- 
phates was described with reference to the analysis of tissue 
phospholipids (Hiibscher et al., J. Lipid Research, 1, 433). A 
similar method was also reported in an independent paper 
(Dawson, Bioehem. J., 75, 45). Staining techniques for the 
detection of phospholipids on paper were: the tricmnplex stain- 
ing method with acid fuchsia and U ions at pH 2 to stain 
phosphatides of the acid-base variety; immersion in an acid 
MoOn solution for staining all phosphate-containing lipid spots 
blue; the tricomplex stain with brilliant green to stain phos- 
phate-containing acid compounds green and acid-base type of 
compounds red; and the tricomplex stain with Rhodamine 6 G 
to render lipid substances visible without the need of ultra- 
violet light (Hooghwinkel et al., Koninkl. Ned. Akad. Weten- 
schap., Proc., Ser. B 62, 222). The saponification and hydro- 
genation of lecithin on paper, followed by separation of the 
fa t ty  acids, was investigated (Kaufmann and Wessels, Fette, 
Seifen, nnd Anstrichmittel, 62, 1020). 

A silica gel column chromatography method for the separa- 
tion of phospholipids was reported (Sakagami et al., J. Bio- 
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chem [Tokyo], 46, 1607). The separation of polyglycerophos- 
pholipid, phosphatidylserine, phosphatidylethanolamine, inosi- 
tel-containing phospholipid, phosphatadylcholine, and combined 
phosphatidylcholine-sphingomyelin fractions was fairly repro- 
ducible. Carlso~ and Wadstr6m used a silicie acid column to 
separate phospholipids from other lipids in a CHCI~-MeOH 
extract af ter  treatment with acid phosphate. The unesterified 
fa t ty  acids with the phospholipids were separated by ion ex- 
change from the purified extract, converted to their Me esters, 
and determined eolorlmetrically by the hydroxamic acid re- 
action (Carlson and Wadstrbm, Scand. J. Clin. and Lab. 
Invest., ~0, 407). The method has the advantage of accuracy 
(~0.02 meq./1) and specificity for acids with more than 14 C 
atoms. A modified hydroxamic acid method for total esterilied 
fa t ty  acids in plasma entailed a treatment of the acids with 
FeCI~ to form highly-colored complexes with absorption maxi- 
mum at 515 m~ (Morgan and Kingsbury, Analyst, 84, 409). A 
micro-titratlon method permitted duplicate determinations of 
total serum fat ty  acids, cholesterol, lipid F, and triglycerides 
by difference with only 1 ml. of specimen (Albrink, J. Lipid 
Research, ~, 53). Essential steps were extraction of the ]ipids, 
saponification, extraction, and micro-titration of the liberated 
fat ty acids. Recoveries of pure fat ty acids and triglycerides 
were 97% emnplete. A single extraction of blood plasma with 
a 2-phase heptane-iso-PrOH-H~O system provided sufficient ana- 
lytical specificity for determining long-chain nonesterified fat ty 
acids in the presence of volatile acids (Dole and Meinertz, 
J. Biol. Chem., 235, 2595). This method was further modified 
to improve its specificity by first washing the fa t ty  acid solu- 
tion with 0.05% H,SO~; this removed interfering lactic acid 
and acetone-insoluble materials (Trout et al., J. Lipid Re- 
search, ~, 199). 

A semi-micro determination of total fa t ty  acids and un- 
saponifiable matter involved the saponification and recovery of 
the total fa t ty  acids, removal of the fa t ty  acids with anion 
exchange resins, and determination of the unsaponifiable mat- 
ter by weight (Benedict, J. Am. Oil Ehemists' See., 37, 415). 
This method showed a standard deviation from the mean of 
0.21% for total fa t ty  acids and 0.06% for the unsaponifiable 
content. A method was described for the separation of un- 
saponifiables into their major chemical classes by silic acid 
adsorption chromatography (Capella et al., ibid., 664). The 
procedure was tested with synthetic mixtures of hydrocarbons, 
esters, alcohols, and sterols. :Infrared analysis, carbon-hydrogen 
analysis, melting point of derivatives, and paper chroma- 
tography of the sterol fractions from olive oil, soybean, tea 
seed, and rapeseed oils, lard, and tallow were also reported. An 
excellent separation of steroids was effeeted by gas chroma- 
tography on a silicone rubber-Chromasorb W column (Van 
Heuvel et al., ibid., 8Z, 3481). When 2 to 3 parts per 100 of 
silicone gum on the support were used at a column temperature 
of 222~ all the steroids were eluted as single components with 
no sign of decomposition. Cholesterol required only 35 rain. 
for elution at a flow rate of 30 ml./min, on a 183-cm. column. 
The mass spectra of met:hyl esters of bile acids possessed 
features characteristic enough fo~ their analysis (Bergstrbm 
et al., Acta Chem. Scand., 12, 1349). Free sterols and ace- 
tylated sterols were both separated by paper chromatography 
(De Zotti et al., Fette, Seifcn, und Anstrichmittel, 61, 1114). 
The R~ values for several sterols and their derivatives were 
given. 

Various waxes were clearly differentiated by their infrared 
spectrograms (Kuhn, Studies in Conservn. Abstr., 5, 71). 
Spectrograms were presented for beeswax, Punic wax, beeswax- 
colophony mixture, beeswax-A.W.~ mixture, carnauba wax, 
esparto wax, montan wax, stearin wax, pariffin, and IG wax N. 
Ion-exchangers in nonaqueous solution were utilized for the 
group separation of waxes. Wax acid components of natural 
or synthetic waxes in organic solvents were separated and 
determined quantitatively with adsorption chromatography and 
suitable anion exchangers (Prest ing and Janicke, Fette, Seifvn, 
und Anstrichmittel, 62, 81). Chromatography on specially- 
prepared AliCe separated a knower mixture of wax constituents 
into four groups, viz., dotriacontane, octadecyl stearate, stea- 
rone, octadeeanol, and stearie acid (Cole and Brown, J. Am. 
Oil Chemists' See., 37, 359). 

COMPOSITION AND CHAI~AOTEI~ISTICS. Investigation of the com- 
position and chemical and physical properties of fats  and ]ipids 
of wide variety of materials was the major subject of a great 
number of communications. The volume of these data pro- 
hibits a detailed listing of specific characteristics. Conse- 
quently only a general description of the types of fats and 
lipids investigated is presented below. An asterisk (~) appear- 
ing after the reference indicates that  the fa t ty  acid composi- 
tion of the particular fat  or f~tts is given. A double asterisk 

( ~ )  indicates that  the glyeeride composition is also reported. 
No asterisk indicates that only physical and chemical properties 
are given. 

The reader is encouraged to contact this reviewer for more 
detailed information on data of interest that cannot be con- 
veniently located through the reference. 

In  addition, much of the literature in the previous sections 
ell analytical methods also contains information on the com- 
position and characteristics of certain fats and lipids. Al- 
though an at tempt was made to include the more important 
ones here, reference should be made to the other sections for a 
complete review. 

A few articles dealt with a wide variety of oils. In a con- 
tinuation of a series of studies on lesser known seed oils, the 
iodine number, sapon, number, and fa t ty  acid composition were 
reported for the following plant sources: IIesperis matronvdis, 
Matthiola bicornis, Euphorbia marginata, E. heterophylIa, 
Majora~a hortensis, Monarda fistulosa, Nepeta mussinii, Oci- 
m~tm ba~ilicum, Perilla fratescens, Salvia eolumbariae, Sa- 
tureja horten~is, Thy.mus vulgaris, Linum usitatissimum 
(]~arle, et al., J. Am. Oi$ Chemists" Soc. 37, 48);~ Ageratum 
hoitstonia~um,, Artemi~ia absinthium, Centaurea eyanus, Chrys- 
anthemum leucanthemum, Chrysanthemum coronarium, Cosmos 
bipDznat~ls, Cynara carduncztlus, Dimorphotheca aurantiava, 
Helichryswm bracteatum car. monstrosum, IIeliop*~s helian- 
thoides, Liatris spicata, Rudbeekia bicalor car. superba, Ver- 
nonia al~thelmintiea, V. baldwini, V. missurica (Earle and 
Wolff, ibid., 37, 254)~; Zelkova serrata, Sassafras albidum, 
Cuphea IIavea car. miniata, Celastrus orbieulata, C. IIavea, 
S. albidium, Mecuri~tlgs annual, pomegranate, catalpa, Big- 
noniaccae, Curcurbitaceae, Chilapvis linearis, Hibiscus mos- 
eheutos, and If. syiac~s (Earle et al., ibid., 37, 440). ~ The last 
article contains analytical data and infrared spectra for 158 
species, representing 52 plant families in 23 orders. Of these 
138 were previously unreported in books or in recent references. 
Newly developed varieties of sunflower seed and linseed were 
compared with varieties most abundant in the U.S.S./{. for 
their fa t  content and iodine numbers (Lebedeva and Stepanova, 
Trudy Vsesoyuz. Nauch.-Issledovatel. Inst. Zhirov., 1953 [18], 
185). The fa t ty  acid composition of lipids of pasture grasses 
were similar to those of the leaf lipids of maize and the lipids 
of clover-rich pasture (Garton, Nature, i37, 511). The victual 
unsaturated hydroxy acid contents of seed oils Dimorphotheca 
Aurantiaga, Artemi$~a ab~'inthium, Calliandra eriophylla, Bala- 
hires aegypti.ca, Coscos bipinnatus, and IIelianthus annuus 
were reported (5[orris et a$., J. Am. Oil Chemists' See., 37, 
323).* The fa t ty  acid compositions of seed oils from Crambe 
abiasiniea, PeriIla ocguoides, Camelina sativa, Carthamos tine- 
toris, Euopl~rbia lathyris (Grynberg et al., Fette, Seifen, und 
Attstriehmittel, 61, 908, ~ and the conjugated oils Impatiens, 
Oiticica, and Parinar~um anuamense (Kaufmann and Sud, 
Fette, Seife~, und A~strichmittel, 62, 3, 160) ~ were determined 
by paper chromatography. 

For the convenience of the reader, specific fats and oils in- 
vestigated for their composition and characteristics are or- 
ganized into subsections according to general types. The sub- 
sections, Lipids, Vitamins, and Physical Properties contain 
those articles that  deal exclusively with these characteristics. 
The asterisks have the same meaning as explained above. An 
" x "  appearing after  the asterisk indicates that  the composi- 
tion and/or  characteristics of the unsaponifiable matter was 
also reported. 

Vegetable Oils (Sources): Appleseed (Wakayanm et al., J. 
IIokkaido GaIvugei Univ., 7, 98), ~ Acacia decurrens W (Rao, 
Current Sci. [Ind~a], 23, 410), Aglaia odoratits~iwa (Baslas, 
Indian J. Appl. Chem., ~ ,  125),~x Asclepius Syriaca (Chis- 
hohn and Hopkins, Can. J. Chem., 38, 805), * Caryodendron 
orinocense (Seelkopf, Z. Lebensm.-Untersuch. u. -Forsch., 112, 
499), castor leaf (Mihara, Nippon Kagaku Zasshi, 80, 641), ~ 
Chlorella Pyrcnoidosa (Sehlenk et al., J. Am. Oil Chemists' 
See., 37, 547), ~ cherry seed (Weckel and Lee, Food Tech., I4, 
151), * Chrysanthemum eoronarium (Smith et al., Chem. and 
Ind. [London,,  1959, 259), ~ Citrus ,mivrocarpa (Agrawal et al., 
J. Prec. Inst. Chemists [India] 31, 207), ~ Egyptian and 
Chinese cottonseed (Egyptian Pharm. Bull., 40, 235), Indian 
cottonseed (Achaya and Saletore, Cottonseed and By-Prods., 
Prec. Symposium IIyderabad, I953, 275),~ "gossypo l - f r ee"  
cottonseed (~[attson et al., J. Am. Oil Chemists' See., 37, 
154), ~ Cuphea llavea seed (Wilson et al., ibid., 675), ~ Cyperus 
esculentvs (Gad and Osman, Egypt. J. Chem., 2, 123), ~ Eruea 
sativa (Popov and Mazhdrakev, Compt. rend, (wad. Bulgare 
sci., ~I, 279), ~ Frititlaria camsebateensis (Shibata and Taka- 
kuwa, Phytau [Buenos Aires], 12, 25), ~ grapeseed (Morand 
and Silvestre, Ann. fals. et expert, chim., 53, 193), ~ IIibiscus 
eseulentus seed (Kapur and Seng-Gupta, Indian J. Appl. 
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Chem., 23, 45), * horse chestnut (Alexa et al., Stadia ilniv. V@- 
tar Babes et Bolyai, 8, 193), Lawsonia alba (Agrawal et al., 
Indian Oil and Soap J., 25, 145), ~ lemon seed (Franguelli and 
Mariani, Olii minerali, gray, st e saponi, colori e verniei, 36, 
407), ~ Lepidinm sativum (Popov and Mazhdrakov, Compt. 
rend. acad. Balgare sci., ~1, 279), ~ Limnanthes do*~glasii seed 
(Smith et al., J. Organic Chem., 10, 1770), ~ Malvaceae, six 
species (Hopkins and Chishohu, J. Am. Oil Chemists'  Sac., 32, 
682), ~ Matthiola incana (Joshi and Bhakuni, Natl.  Acad. Sci. 
India, A28, 190), ~ Meratia praecox (Kusunose and Adachi, 
Yukagalcu, 8, 76),* morro seed (Lewy-van S6veren, J. Am. Oil 
Chemists'  Sac., 37, 402),* OIdenlandia biflora (Bhakuni, J. Sci. 
Ind. Res. [India], 18B, 445),~x olive (Crespo and Cattaneo, 
Anales Asoc. quire, arg., g6, 368), ~ Ceylon sweet orange (Wee- 
rakoon, J. Sci. Food Agr., 11, 273), ~ bitter orange seed 
(Zaganiaris, Compt. rend. congr intern, chim. ind., 31 ~, Liege, 
1958 [2], 658), ~ ongokea (Pouliquen, Oleaginemr, i4,  453), ~ 
papaya seed (genkatesh and Rao, Food Set. (Mysore), 9, 49), 
Phyllanthus maderas-patensis (Bhakuni, J. Sci. I~d. Rcs. 
[India],  18B, 446), ~ pumpkin seed (Froelich, Pharmazic 14, 
355), raisin seed (Flanzy and Flanzy, Ann. inst. natl. recherche; 
agron., Ser. E 8, 107), ~ rice bran, a review, (Kamath, Bombay 
Technologist, 9, 12), Secale corn~tum, (Tigler, Fettc,  Seifen, 
und Anstrichmittel,  60)95),  ~ sesame seed (Krishnamurty et ah, 
Food Sci. [Mysore], 8, 1316),* Spanish sunflower seed (Casares 
and L6pez-Herrera, Anales bromatol. [Madrid], 11, 477), 
Sporidesmium bakeri (Hartman et al. Biochem., J. 75, 274), ~ 
Strophanthus seed (Gunstone and Morris, J. Set. Food A s ' ,  10, 
522),* ganthoxyhtm rh, etsa (Agrawal et al., India~ Oil am~ 
Soap J., 25, 26).~ 

~IAM:~AL FATS. H u m a n  blood l i p id s  ( K a u f m a n n  and 
Sehmidt, Fette,  Scifen, und Anstrichmittel ,  62, 399),~x Hana- 
han et aI., J. Lipid Res., 1, 421),* hmnan depot fat  (Dickman, 
Diss. Abst.  X X I  [4], Mie 60-4073),* pig back fat  (Hart  and 
van der Veen, Landbot~w]~ Tijdschr., 6"9, 343), Ph)llodromia 
gcrmanica, insect (One and Adaehi, Yl&agai'~t 8, 72),* sperm 
whale oil (Moldavskaya and Dmitrieva, Maslobo~o-Zhirovoya 
Prom., 1955, 30)x. 

Fish Oils. Herring (Klenk and Steinbach, Z. Pltysiol. Chem., 
316, 31), ~ Ascidians (Ito et al., Nippon. Ka.qa]c~ Zasshi, 31, 
662) ~ x menhaden body oil (Stoffe] and Ahrens, J. Lipid Re- 
search, 1, 139), ~ sardine and mackerel (Toyama et al., Fettc,  
Sell'ca, und Anstriehmittel ,  ~1, 461; ibid., 846),* sea-bare 
Aplysia  k~rodai sterols (Tanaka and Toyama, Nippon Ka.oak~t 
Zasshi, 80, 1326),~x unsaponifiables other than sterols in A. 
kurodai (ibid., ]329),*x egg mass of A. Ic~rodai (ibid. 31, 
831)x Xiphias gIadit~s, head bone oil, (Labruto and Brunt, 
A t t i  sac. peloritana sci. fis. mat. e ~at., 5, 513).* 

Dairy Products. Bovine butter oil and fat-globule membrane 
(Thompson et al., J. Dairy Sc i ,  42, 1651),* Ost-Friesinn (cow) 
nfilk fa t  (Plekhanova, Moloch~aya Prom., 20, 38), sheep's milk 
fat  (Prekopp, V~ziva Lidtt, I2, 46; ibid., 61), cow's milk fat  
(Jt~ek, ]. A~r. Food Chem., 8, 377), *~ butterfat  (Hansen ct al., 
Biochen~. J., 77, 64),* lyophilized nfilk fa t  (Jensen and Gander, 
J. Dairy Sci., 4"3, 1758). "~ Data were presented for the distri- 
bution of free fa t ty  acids in normal and " l i p a s e "  milk and in 
cream, skimnlilk, butter, buttermilk, cheese, and whey derived 
from them (Willart and Sj6strSm, SvensX'a Mejeritid~, 52, 
443). The average total monoglyeeride of fresh raw milk, 
pasteurized whole milk, honmgenized milk, 40~/~ cream, butter, 
and blue cheese were reported (Jense et at., J. Dairy Se'i., 4z ~, 
1913). 

Processed Fats. 5{argarine and shortenings from England, 
Germany, Norway, Belgimn, and tile United States were 
~nalyzed for their fa t ty  acid compositions (Nakazawa et al., 
Yukagaku,  9, 200; ~ ibid. 383~). Margarines and shortenings 
were also investigated for their trans fa t ty  acid contents 
(Mabrouk, Univ. Microfilms [Ann Arbor, Mieh,] L. C. Card 
Mic 60-85). ~ Rapeseed, soybean, cottonseed, and sunflower 
oils were studied spectrophotometrically during hydrogenation 
to follow the development of structural isomers (elaidic and 
brassie acids) and to determine the equilibrium and rate con- 
stants of snell transformations (Artamonov, Trendy Yse.s'oy~z. 
Nanch.-Issledovatel. Insti .  Zhirov, 1957, 55). ~ Characteristics 
and chemical composition of tobacco seed oil hydrogenated 
under different conditions were studied (Chakrabarty and 
Chakrabarty, J. Sci. I*~d. Res. [India], lgA,  539).* Three 
grades of commercial stearic acid were analyzed for their fat ty 
acid composition by fractlona] distillation (Casa], Anales direc. 
noel, q~tim. [Buenos Aires], 8, 22). ~ 

Lipids. Hawthorne presented a thorough review of the 
chemistry of phospholipids containing inositol (Hawthorne, J. 
Lipid  Research, 1, 255).~ The existence of sterol glycosides in 
rapeseed and linseed was reported (Ayhvard and Nichols, 

Nature, 184, 1319). A new complex lipid, triphosphoinostide, 
was isolated from ox brain (Dittmer and Dawson, Bioehim. et 
Biophys. Acta, 40, 379). A study was made of the phospho- 
lipids of ox spleen with special reference to the fa t ty  acid "a~d 
fa t ty  aldehyde composition of the lecithin and kephalin frac- 
tions (Gray, Biocbrmical J., 22, 82). ~ The aldehydes in non- 
phosphatide a]dehydogenic lipids in milk fat,  beef tallow, and 
ox heart are bound as enol-ethers and located nlainly ill the 
alpha-position of the glycerol molecule (Schogt et al., J. L i p i d  
Research, I, 446. The composition of the total lipids of the 
myoeardium, conducting lmndle, and valves of beef heart 
(Kochen et al., J. Lipid Research, 1, 147) and of kidney and 
liver lipids from the American antelope (Miller, J. Am. Oil 
Chemists'  Sac., 32, 247) were reported. No differences were 
found in the fatty acid composition of milk l)hosphatides de- 
rived from full-cream milk, buttermilk, and cream cheese 
(Badings and Keeps, Fette, Seife~, ~ 1  A~istricbmittcl, 6z, 
302).* The ]ipids of wheat wore fractionated on silicic nc'id, 
and their compositions wme determined (Fisher and Brough- 
ton, Chem. a~d I~d., 1960, 869).* An investigation of the 
minor constituents of olive oil showed that the unsaponifiable 
matter contained about 6.'~C4 hydrocarbons with squalene as 
the main constituent (Vitagliano, Olii mb~r .Orassi e saponi, 
colori e verniei, 37, 136). Tetracosanol and bcta-sitosterol were 
identified in the unsaponifiable matter in the fat  of silk-worm 
feces (Tamura et al., Nippo~ Kaftal,'~ Zasshi, 77, 1424). Cyclo- 
arterial and hexacosanol were found in the unsaponifiahles of 
rapeseed oil (Tamura et al., ibid, 7.9, 1053). The sterol com- 
position was determined for the molecular distillates of corn 
oil (Kuksis and Beveridge, J. Lipid Re.search, I, 311 ), the resi- 
due from the distillation of fa t ty  acids in the refining of pea- 
nut oil (Uzzan, Ol('aria, 13, 215), the seeds of Psoralea coryli- 
folio (Khastgir  ct al., I~dia~ J. Apph Chem., 22, 35), rt~zd 
Mqhua oil (Singh, ibid., 61). Phospholipid colnpositions were 
reported for the lipids of soybeans (Nielsen, J. Am. Oil 
Chemists'  See., 32, 217), ca})bage leaf (Wheeldon, J. Lipid R#- 
search, l ,  439~, ~ and rabbit skin (Schwarz ~.t ah, Arch. Bia- 
chem. a~*d Biopbys., ST, 171). In variance with the literature 
Me (CH2)~aCH(OH)CH(OH)CH(NH2)CH._.OH was proposed as 
the structure of the eerebrin base in yeast (Prostenik and 
Stancev, Chem. Bcr., 9I, 961). 

Wa.res. A classification of the waxes was given (Ivanovszky, 
Fette, Sei/en, ,~d  A~strichmittcl,  62, 37). The chemistry of 
peat and nmntan waxes was reviewed (Howard and Homer, J. 
Am. Oil Chemists'  Sac., 37, 478). The chemical characteristics 
and the chromatographic separation of 24 Polish beeswax sam- 
ples were reported (Curylo and Zalewski, PszczeIarstwo, l ,  
105). The cheln/Cal characteristics of the wax of sugar cane 
(Torricelli, IIM. v~rM('e [Mila~], 11, 8; Chem. Ze~tr., J~9, 
.~468), and the composition of the wax of Bltb~esia Retains (de 
Badin and Brenner, Anales a*o(', q~dm. aro., 46, 318; Brenner 
et al., ibid., 336)* were presented. Noble reported the isolation 
of hydroxy qcids from wool wax acids by a Craig counter- 
current separation of the methyl esters (Noble ct at., J .  An~. 
Oil Cbrmists '  Sac., 37, 14). In a similar stud?" on wool wax 
acids Barnes concluded that della-hydroxy acids were :not 
present in wool fat  and tlmt fractions reputed to be such 
actually consist of non-hydroxylated wool wax acid, formed 
by partial esterification during the acid treatment (Barnes, 
+leestralia~e J. Ch+'m., 13, 184). 

Vita.mi~ Co~tc~t. The tocopherol content sot sunflower oil 
(Omel'chenko, MasloboD~o-Zhiroraya Prom., 25, 10), some 
fodder crops and wihl plants of meadows "rod pastures in 
southern Italy (Di Celso, A>I~I. sper. agrar. [Reme], 12, 169), 
and Buenos Aires olive oil (Bertoni and Cattaneo, A,~ales asoc. 
q,dm. arg., ~47, 52) were reported. The carotene, vitamin A, 
and vitamin E content of yellow beef fat were also investigated 
(Mirna, Z, Lebensm.-Uter.~wh, ~ltd For.s'el~., 111, 393). Other 
references on this suhjeet appear in the foregoing sections on 
the effects of variety, maturity and environment. 

Physical Properties. The viscosity-teml>erature relationship 
of some Indian vegetable oils were reported (Varshni, Vij~a~a 
Parisbad An!~sa~dha~ Patril.'a, 3, 35). The dielectric constant 
and loss tangent of castor, linseed, olive, mustard, and sesame 
oils were Dleastlred at various ratio frequencies (Sharnla, J. Set. 
Ind. Res. [b~dia~, IgB, 5). The dielectric constants of the 
oils, with tile exception of castor oil, did not vary with fre- 
quency. Plmse equilibrium data are presented in tables and 
graphically for methyl esters-furfural-hexane and methyl 
esters-nitromethane-hexane systems at 30~ (Lakshmanan a~d 
Laddha, J. Am. Oil Chemists' See., 37, 466). The volumes of 
mixing fat ty oils with various solvents (Kusano, Y~&agal,'u, ~, 
400), the heats of mixing fa t ty  oils with various solvents (ibid., 
406), the vapor pressures of fat ty oil solutions (Kusano, ibid., 
8, 8), and tlle entropy of mixing fat ty oil with solvents (ibid., 
15) were reported. Other physical propertites were reported in 
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the  re fe rences  l is i ted in the  sect ion on the  Ana lys i s  of  Phys ica l  
Proper t ies .  

DETI~OTION OP ADULT]~gATION. Gas c h r o m a t o g r a p b y  of the 
mixed  me thy l  es ters  of  p e a n u t  and  rapeseed  oil pe rmi t t ed  the  
detect ion of 5% rapeseed  oil in peanu t .  The add i t ion  of coco- 
n u t  or pahn-kerne l  oil to bu t t e r  was also detected by this  tech- 
n ique (Wolff  and  Wolff,  Rev. Franc. Corps Gras, 7, 73).  A 
paper  ch roma tog raph ic  s epa ra t i on  of the  stcrols  f rom f a t s  was 
used  to demons t r a t e  the  presence of  p l an t  f a t s  in an imal  f a t s  
by  the  re la t ive phy tos te ro l  and  cholesterol  con ten t s  (Peereboom 
and  Boos, Fette,  Seifen, ~nd Anstriebmittel,  6"2, 91 ). The addi- 
t ion of an  a lky la ted  d i h y d r o x y d i p h e n y l m e t h a n e  was recom- 
mended  as an  addi t ive  to h y d r o g e n a t e d  f a t s  in  order to render  
them detectable  when used to adu l t e ra te  oleaginous mater ia ls .  
As  litt le as 10 m g . / k g ,  developed a deep purp le  color when 
t rea ted  wi th  po t a s s ium fe r r i eyan ide  in base  (Council  of  So]en- 
title and  I n d u s t r i a l  Research  [by B.S. Josb i I  Indian, 64,366, 
May 25, 1960).  The size of  drops of  alkal ine solut ions,  when 
allowed to r u n  into a benzene  solut ion of  vegetable  oils, was 
re la ted  to the  composi t ion  of  the  oil (Mar t inez ,  Grasas y 
Aeeites [Seville, Spa in ] ,  10, 14) .  This  method  could detect  the 
presence of  a smal l  a m o u n t  of  an  oil in a la rge  a m o u n t  of  an- 
other  oil. 

Differences  in the  p roper t i e s  of  refined and  unref ined eol(b 
pressed olive oils were s tud ied  as  a m e a n s  of d i s t i ngu i sh ing  the 
two types.  The  cold-pressed oil showed high electrical con- 
duet ivi ty ,  h igh  acidi ty,  in tense  coloration,  charac te r i s t ic  odor 
and  tas te ,  and  -~ spee t rophotomet r ie  extinctim~ m a x i m u m  at 
670 me  (Lauber ,  Mitt,  Lebensm. l~nd Hyg., 50, 553).  Adul ter -  
'dr]on of  olive oils with  other  oils m a y  be suspected if  ttu. 
linoleie acid content  is g rea te r  t han  ll.6CA. Spec t rophotemet r ie  
ana lys i s  of  46 samples  of  na t ive  olive oils gave  vtflues in the 
range  1.63 to 13.6% linoleie acid in 99.7% of the cases  (N inn i s  
and  Birb i l i -Ninnis ,  Prakt.  A~:ad. Athe~wn, 33, 103). The K 
spec t rophotomet r ie  values a t  262, 263, and  264 m.a and  the  
A K ' s  were repor ted  for several  neut ra l ,  acid, rancid,  and  recti- 
fied olive oils and  for  samples  t rea ted  with sun l igh t ,  H~O..., 
s team,  deeolorizers, a n d  neu t ra l i ze rs  (Moran]  and  Marignol i -  
Colloea, Ann. sper. agrar. [Rome] ,  14, 293).  The K ' s  were 
use fu l  for  d i f f e ren t i a t ing  v i rg in  oils f rom rectified ones. The 
same i n f o r m a t i o n  appea red  in a dupl ica te  paper  (Moran]  and  
Marignoli-Colloea,  Olii mineral], grassi e sapo~i, color] e rr.r - 
nici, 36, 327).  Sugges t ions  were presen ted  fo r  fixing s t a n d a r d  
m a x i m u m  and  m i n i m u m  l imi t s  for  abso rp t ion  vMues for  pure  
olive oils (Mon te f r ed ine  and  L a P e r t a ,  ibid., 325).  Tes t s  o~ 
more  t h a n  400 samples  of  olive oil showed t ha t  the p res su re  
oils, and  the  rectified seed oils con ta ined  these compounds  
( F a b r i s  and  Vi tag l iano ,  ibid., 313).  A d v a n t a g e s  of  u l t ra-  
violet spee t ropho tomet ry  of  olive oil for  de tec t ing  pur i ty ,  
ag ing ,  and  regenera t ion  were detai led (Dove and  Sad]n], Boll. 
lab. chim. pq'ovineiali [Bologno], I0, 124).  These  au tho r s  
u rged  se t t ing  up spee t rophotomet r ie  s t a n d a r d s  for  olive oil 
to be used in the  Eu ropean  Common Market .  Absorp t ion  eo~ 
efficient l imi ts  f o r  the  classif icat ion of superf ine vi rgin  olive 
oil were given (Albert]co, Olii mineral], grassi e saponi, color] e 
verniei, 37, 343).  

Olive oil was " m a r k e d  '~ by  the  addi t ion  of  eu rcumln  in or- 
der to detect  adu l te ra t ion .  One g r a m  of e u r c m n i n / q u i n t a l  of  
olive oil was  found  sufficient for  the  quan t i t a t i ve  detect ion of 
eurcumin  even a f t e r  a 10-fold di la t ion p r io r  to the  color]metric 
de te rmina t ion  in the  form of  roscyanin  (Rot]n] and  Galoppini ,  
Chim. e ind. [Mi lan] ,  42, 605). A pape r  ch roma t og raph i c  pro- 
cedure  for  the de tec t ion  of adu l t e ra t ion  in olive oil was de- 
scr ibed ( K a u f m a n n  a n d  Aparicio ,  Fette,  Seifen, nnd A~strieh- 
~aittel, 61, 768).  P u r e  olive oil gave three  t r ig lycer ide  spots  on 
the  eh roma tog ram.  I n  the  presence  of o ther  oils or f a t s  a 
g r ea t e r  n u m b e r  of  spots  were obta ined.  The  lowest  q u a n t i t y  of  
detectable  adu l t e ra t ion  by  th is  me thod  var ied  f rom 5 to 10%. 
l~oreign oils in olive oil were detected by  sepa ra t ion  and  de- 
t e rmina t i on  of the  me l t ing-po in t s  of  the  isolated sterol ace ta tes  
(Vi tag l i ano  aml D ' A m b r o s i o ,  Olear~a, ~1, 169).  A new method  
was described for  de tec t ing  v i rg in  olive oil by a t i t r ime t r i c  
ana lys i s  of  the  a lkal ine impur i t i e s  (Romeo st el., A t t i . . sos .  
peloritana sci, fis. mat. e nat., 5, 533).  The  poss ibi l i ty  of  
i d e n t i f y i n g  ester]fled oils in olive oil by  m e a n s  of  i n f r a r ed  
spec t roscopy was eva lua ted  (Provvedi ,  Olii minerali, grass] e 
saponi, color] e vernici, 36, 375).  The  ester]fled oils showed a 
slope on the  i n f r a r ed  spec t rum in the  zones 4,000 to 3,000 era. -~ 
and  1,000 to 950 cm. -~ which was no t  g iven  by the  olive oils. 
Recent  a d u l t e r a n t s  o f  olive oils consis ted of  f a t t y  acid methy l  
es ters  with s imi la r  charac ter i s t ics .  These  can  be detected by 
saponif ica t ion and  t e s t i n g  for  ~ ieOH (Canner] ,  Olearia, 13, 
179).  A recommenda t ion  was made  to the  I n t e r n a t i o n a l  Com- 
miss ion  to s t anda rd ize  the  procedure  for  the  t h e r m o s u l f u r i e  
ivdex of  olive oils in  order to ob ta in  more  accura te  resul ts  
(Bigoni ,  Olli qni.r~erali, grassi e saponi, color] e vernici, 37, 49).  

The  Fi te ,~on reac t ion  for  the  detect ion of  tea seed oil in  olive 
oil was found  reliable only when more  t han  15% of tea  seed 
oil was p re sen t  (Bigoni ,  Olii mi~era.li, grass] e sapo'~i, eoli e 
vernici, 34, 458).  

The  p a r i t y  of  bu t t e r  was de te rmined  by gas- l iquid chroma- 
tog raphy  of i t s  Me esters  (Wolff ,  Ann. Pals. et expert, ehim,, 
53, 318).  Resu l t s  ob ta ined  ~%th bu t t e r  o f  var ious  origins,  nlar- 
gar ines ,  copra, and  pahn  f a t  were given.  A shor t  review of  the  
detect ion of adu l t e ra t ion  of b u t t e r f a t  was  included (Hel le ,  
Bombay Technologist, 9, 16) .  The  ul t raviole t  absorpt ion,  ettrves 
of  b u t t e r - m a r g a r i n e  and  olive oi l- inferior  oil m ix tu re s  per-  
mi t t ed  the  detect ion of quant i t i es  of  the  order of  10% of such 
adu l t e ra t ions  (S t r ivek  and  Doppehnann ,  Aria.lea univ. eat61ica 
Valparaiso, 2, 29),  V i t a m i n  A for t i f ica t ion of v a n a s p a t i  was 
found  to have no averse  effect on the B a u d o u i n  tes t  fo r  the  
detect ion of  h y d r o g e n a t e d  oils in bu t t e r  and  ghee ( S a s t r y  
et el., J. Sei. Ind. Research [ I n d i a ] ,  18A, 377).  A semi-micro 
Baudou in  test ,  posi t ive a t  adu l t e r a t i on  levels of  10%, was 
described ( K a p u r  et al., J. Prec. Inst .  Chemists [ Ind ia ]  3 l ,  
177).  Circular  pape r  c h r o m a t o g r a p h y  of ghee could detect  as 
lit t le as 109~ v a n a s p a t i t  or 5~A buffalo  body f a t  ( R a m a c h a n d r a  
and  Das tur ,  Indian J. Dairy Sci., I3, 29).  Direct  viewing of  
the  spots  in o rd ina ry  l ight  ins t ead  of u l t raviole t  was f o u n d  
more  effective. Chromatograplh~" of the unsaponif iable  ma te r i a l  
f rom b u t t e r f a t  on a g lass  plate  coated with a mix tu re  of  plas- 
ter of  P a r i s  and  silicie acid could detect  adu l t e ra t ion  a t  the  
10~A level (McGugan ,  Iater~u Dairy Congr., Prec., 15th, Lon- 
do~, I959, ]534) .  A t  leas t  5% of  tocopherol-r ieh vegetable  oils 
in I nd i an  bu t t e r  was detected by  ana lys i s  of  the  toeopherol 
(Naz i r  and  Magar ,  [ndim~ J. Da,i.ry fie]., 72, 125).  

Methods  for  de tec t ing  fo re ign  f a t s  in cacao products  were 
cri t ical ly reviewed, and ~ method based  on gas  c h r o m a t o g r a p h y  
of the f a t t y  acid methyl  es ters  was described and recommended  
(Woikieh,  Z. Lebensm. -Unterst~ch ~*nd -Forseh., 712, 184).  
( 'omposi t ion  curves  showed tha t  as l i t t le as ;5% coconut  f a t  or 
l 'A t e n g k a w a n g  f a t  could be detected.  The common me thods  
for the  inves t iga t ion  of  rococo bu t t e r  and  chocolate adu l t e r an t s  
were reviewed ( P u r r ,  Fette, Seifen, ~gnd Anstrichmittet,  61, 
675).  A compara t ive  examina t ion  of the  spectra  of  cocoa but- 
ter and  chocolate f a t  be tween 2 and  15 ~ was described with 
reference to the  quan t i t a t ive  detect ion of  trans olefins. Addi-  
t ions of  tip to 5%. elaidic acid could be easi ly detected ( P u r r  
~'t ah, Re.r. biter,s, cboeolat., 11, 322).  The a p p a r a t u s  and  pro- 
ordures  for  the separa t ion  of f a t t y  acids  by inverse  pat t i* ion 
c h r o m a t o g r a p h y  were descr ibed as  a method  for  the detect ion 
of cocoa bu t t e r  subs t i t u t e s  (Pu r r ,  ibid., 204).  Coeonut oil 
adu l t e r an t s  were also detected 1)3 s a p o n i f y i n g  the  f a t  wi th  
hydroxy lamine  and  c h r o m a t o g r a p h i n g  th is  mix tu re  on acety-  
luted paper  in order  to detect  smal l  a m o u n t s  of  laurie  acid 
( P i e t s c h m a n n ,  Fette, S~4fe~b ~lnd Al~strichmittel, 61, 682).  

The Pave l in i - I s idoro  react ion for  the detect ion of  sesamin  in 
the  presence of f u r f u r a l  was modified for  the  ident i f icat ion of 
sesame oil in hyd rogena t ed  f a t s  (Daghe t t a ,  Olii vtinerali, grassi 

sapo~H, colori e verniei, 34, 423).  The sesamin  could be de- 
tec ted a t  a level of  0.05 to 0.075%. The ext rac t ion  of coal t a r  
dyes  f rom sesame oil with concen t ra ted  HCI also removed a 
f r ac t ion  which gives the  color in the  f u r f u r a l  test .  Di lu t ion of 
the  HC1 with ethyl  e ther  e l iminated  th is  in te r fe rence  (Roy 
rt el., J. Prec. I~st. Clwmists [ I n d i a ] ,  3[ ,  16).  

The difference in the  araebidonie  acid con ten t  of  lard "uJd 
goose f a t s  was used to detect  the  degree of adu l t e ra t ion  of the  
lat ter .  Other  cons t an t s  for  wu' ious mix tu re s  of  these f a t s  were 
repor ted (Wurz iger ,  l,'~4te, Seifen, and An,~triehn~ittel, 61, 
1046).  A sample  method  for the  adu l t e ra t ion  in beeswax was  
based on differences in the  cloud-point  for  var ious  types  of  
pure  al~d adu l t e ra t ed  mate r i a l s  (Pa rke r ,  Dr~g Standards, 28, 
26).  A qu-mt i ta t ive  de t e rmina t ion  of beeswax adu l t e ra t ion  by 
minera l  waxes  employed gas  e h r o m a t o g r a p b y  (Curylo and  
Zalewski,  Pszczelelnieze Zeszyty Na~t", l ,  118).  Trace  a m o u n t s  
of hydroca rbons  a t  0.016 to 0.567% in vegetable  oils were 
quan t i t a t i ve ly  de te rmined  by  gas  ch roma tog raphy .  Iso-oetane  
was used as an  in t e rna l  s t anda rd .  (P revo t  and  Cabeza, Bey. 
Franc. Corps Graz., 7, 34).  -~{ethods for  de tec t ing  resinoids  
and  res ins  in f a t s  and  oils were reviewed. (Morals ,  1lee. port. 
q~dm., 1, 363).  Gossypol  in cot tonseeds  was de te rmined  by 
ex t rac t ion  in the  cold with ether,  by  t r a n s f e r  of  the  ex t rac t s  
to a borax  solution,  s epa r a t i on  by acidification with HC1, and  
development  of  the  color wi th  an t ]n inny tr iehloride in  chloro- 
fo rm (Sadykov  et al., U.S.S.R. 1'22,827, October  10, 1959).  

Deterioration of Fatty Materials 
There  has  been a eon t in ing  and  accelerated in te res t  in prob- 

lems assoeia ted  with f a t  and  oil deter iora t ion.  These  problems 
include chemical ,  physical ,  and  organolept ie  changes  and  the  
condi t ions  t ha t  b r i n g  t hem about .  I n t e r e s t  has  been s t imu la t ed  
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by fears of the toxicity of heated oils and of fa ts  added to 
animal feeds. Another s t imulant  has been the increased scru- 
t iny by the Pure  Food and Drug Administrat ion of antioxi- 
dants and other additives. 

RgVlgWS. Many aspects of f a t  deterioration have been con- 
sidered in a symposium on "Oxida t ion  and Its  P reven t ion"  
(Kuwada,  Abura Kagaku, 7, 247). These included: reaction 
mechanisms of autoxidatlon and bond energies (Takashi,  ibid., 
248) ; oxidation of edible fa t s  and its evaluation (Mitsunaga 
and Shimamura,  ibid., 248); oxidation and flavor problems in 
edible oils (Yoshitomi, ibid., 285); stabili ty of f a t ty  acids 
(Yamane, ibid., 298); oxidation of shortening and margarine 
(Murata,  ibid., 302) ; vi tamins and antioxidants (Katsui ,  ibid., 
308);  rancidity of soap (M. Nonaka, ibid., 317); rust ing of 
fish oil products ( J  Nonaka, ibid., 317) ; oxidation of foods and 
its prevention (Kihara,  ibid., 322). 

The reaction of fa ts  with oxygen, peroxide formation, the 
effects of spontaneous hydrolysis, thermal polymerization, lipase 
hydrolysis, chemical changes that  take place during refining 
and processing production, and the stability and physical prop- 
erties of oils have been examined and discussed (Wolff, Rev. 
Frane. Corps Gras, 6, 275). A " J o u r n 6 e  d't~tude sur l 'Altera-  
tion Oxydative des Corps G r a s "  (Bvv. Franc. Corps Gras, spe- 
cial issue, April .30, 1959) comprised studies on the chemical 
aspects of autoxidation (Naudet ,  ibid., 7) ;  techniques for the 
determination of oxidation products (Wolff, ibid., 12) ; evalu- 
ation of rancidity in al imentary fa t s  (Uzzan, ibid., 22);  and 
consequences of the use of oxidized fa ts  in soap industry 
(Vassal, ibid., 37). 

I)ETERIOI~dTION BY HIhAT. The nutri t ional  significance of 
heated fa t s  was discussed at  a symposium on the "Influence of 
Physical Methods of Preservation on the Quality of F o o d s "  
(Acta Chim. Acad. Sci. Hung., 23 [1-4]) .  The topics considered 
included: influence of feeding fract ionated esters of autoxi- 
dized lard and cottonseed oil on growth, thirst ,  organ weights, 
and liver lipids (Kauni tz  et al., ibid., 40) ; some problems of 
the heat  t reatment  of fa ts  (Custot, ibid., 42) ;  nutri t ional and 
pathological effects of the nutri t ional  use of fish oil deodorized 
by heat (Raulin et al., ibid., 43) ; influence of the stereo-chemi- 
cal structure of fa t ty  acids on the nutri t ional  efficiency of fa ts  
(Raulin and Jacquot,  ibid., 44). Also the influence of cold on 
the nutri t ive value, the digestibility, and the organoleptic prop- 
erties of oils, fats,  and lipid fractions of foods was considered 
(Moreno Calvo, ibid., 72). 

Reviews have been published on the mechanism of formation 
of rancid fa ts  and their biological effects (Kaunitz,  E.rp. Med. 
Surg., 18, 59) ; the nutri t ive evaluation of heated fats  (Rice et 
al., J. Am. Oil Chemists' Soc., 37, 607) ; Anon., X~trition Rev., 
18, 119) ; and the peroxidation products of lipids of biological 
importance (Lundberg,  Am, J. Clin. N~trition, 6, 60). 

Laboratory data  on heated oils could not be projected to 
predict whether an unsa tura ted  oil will be damaged sufficiently 
during processing and commercial f ry ing  operations to be harm- 
ful  (Perkins,  Food Technol., 14, 508). Nevertheless these data 
justified the suspicion that  the use of such oils containing 
polymeric materials may not be desirable from a nutrit ional 
point of view. Similar conclusions were reached af ter  a short- 
term procedure for the detection of heat-induced changes was 
applied (Poling et al., J. Nutrition, 72, 109). The procedure 
involved the measurement  of the biologically available energy 
of the fa t s  fed and the variations in liver weights. 

Several experiments were performed under laboratory condi- 
tions on chemically pure compounds. Ethyl  oleate and methyl 
linoleate were heated in an oxygen current, the products were 
fract ionated by distillation and urea compound formation and 
fed to weanling rats  a t  an 8% level. Some of the fractions 
exerted harmful  effects, as reflected in depressed growth, en- 
largement of organs, high water-intake, and, in several cases, 
death. The more toxic fractions led to low liver and serum 
cholesterol levels. One fraction of the oxidized oleate was 
essentially atoxic but  was associated with low liver cholesterol 
values (Kauni tz  et al., Metabolism, 9, 59). Cyclic esters sepa- 
rated from heated rapeseed oil, ethyl linoleate, fl-eleostearate 
plus acrolein, and cuttle-fish oil were toxic to rats when given 
in the diet at  a 10-20% level (Matsuo, Eiyd to Shokury6, i2, 
118, 206, 210; Nippon Kagaku Zasshi, 81, 469; Yukagakn, 9, 
37). Also cyclohexene dicarboxylic acid was deleterious in these 
conditions. 

Under conditions closer to the commercial heat ing of oils 
Andrews et al., (J. Nutrition, 70, 199) found tha t  the concen- 
trat ion of a toxic principle present  in air-oxidized soybean oil 
corresponded closely to the peroxide concentration of the oil. 
Absorption studies indicated that, although the reduced prod- 
ucts of the peroxides were absorbed, the peroxides themselves 

were destroyed in the intestine. The toxic action of the lipid 
peroxides seemed to take place at  the level of the intestinal  
enzymes. Analogous reseults were reported (Glavind and Try- 
ding, Acta Physiol. Seand., 49, 97) for lipoperoxides obtained 
at room temperature. 

A more unsatura ted oil like herring oil, deodorized by heat- 
ing, was digested but not effectively utilized; this caused growth 
depression, modified secretion of body neutral fat ,  alterations 
ill the levels of body lipids, and myocarditis in 60~.7~ of the 
animals (Raulin et al., C.R., ?~8, 1229). 

Peanut  (crude, refilled, or hydrogem~ted), must'~rd, ses~mae, 
and coconut oil heated ~t 180~ showed detrinlental prop- 
erties on the growth of rats, depending upon the length of the 
heating period. Oils heated for one hour had no effect, but those 
heated for 10 hours depressed growth (Esh et a l., Ann. Bio- 
chem. Exp. Med., 20, 41). Similar differences were found be- 
tween lard that  had been heated to a high temperature for a 
short time and lard that  had been repeatedly used for f ry ing;  
the latter caused poorer growth in male rats. No significant 
differences were noted in female rats  (Hashimoto et al., .tn~. 
Rep. Natl. Inst. X~ttrit(on, Tokyo, 1959, 90). 

The high incidence of eneephalonlalacia h~ chickens that were 
fed diets low in vitamin E and containing heated and aerated 
unsaturated fnts  correlated with the linoleic acid but not with 
the linolenic acid content of the fa ts  fed. Feeding of highly 
purified linoleic acid resulted in lOOC/c incidence. When 20% cot- 
tonseed oil was the fa t  source, between 44 and 88 I .U./kg.  of 
vitamin E or between 0.0125% and 0.025% of the antioxidant 
ethoxyquin were required for prevention of the disease (Machlin 
and Gordon, Proc. Soc. Exptl. B~ot. Mcd., 103, 659). Experiences 
with nonheated cottonseed oil ;as dietary f a t  demonstrated that  
the presence of oxidation produets of long-chain unsatura ted  
fa t ty  acids accelerated the development of cerebellar disorders. 
12-Oxo-cis-9-octadecenoic was the most  potent keto-acid tested, 
and in adequate conditions it could induce the disease at  the 
end of seven days (Kokatnur  et al., Proc. Soe. Exptl. Biol. 
.lied., 104, 170). On the other band, this  compound, reduced 
linoleie acid hydroperoxide, or fresh methyl linoleate was in- 
nocuous when injected intravenously, as opposed to untreated 
linoleic acid hydroperoxide, which caused cerebellar disorders 
to appear 1-5 hr, .  af ter  the injection. Eight  milligrams per- 
eenr of vitamin E in the previous diet prevented the develop- 
meut of those d!sorders, but  the absence of vi tamin E in high- 
protein, high-fat  diets increased their severity (Nishida et al., 
Proe. Soc. E.rptl. Biol. 3led., 105, 308). 

Some fresh oils seemed to show a protective effect when fed 
together with altered fat.  Medimn-chain saturated triglycerides 
(MCT),  cottonseed oil, corn oil, chicken fat ,  lard, coconut oil, 
butter, beef fat ,  long-chain saturated triglycerides (LCT/ ,  and 
ethyl esters derived from CSO were fed to weanling rats in 
combination with cottonseed oil aerated at 95 ~ for 300 hrs. The 
oils ~ith a low melting-point (MCT, cottonseed and corn oils) 
gave the most protection against  weight toss. Those with high 
melting-points (beef f~t and LCT) increased weight losses. 
L'~rd, chicken fat,  butter, and coconut oil formed an inter- 
mediate group with respect to melting point and effect. The 
beneficial effect depended upon the presence of the fa t ty  acids 
as triglycerides (Kauni tz  vt al., J. Nutritio~t, 70, 521). 

The properties of fa ts  subjected to a normal doughnut f rying 
did not change with respect to their absorption properties if  a 
high enough fat  turn-over and a properly designed fryer  were 
provided (Stern al~d Roth, Cereal Sc~. Today, 4, 176). When 
four nlethods of prolonging the frying life of a hydrogenated 
vegetable fat  used in deep f rying were investigated, the results 
showed that,  regardless of the method used, there was a signifi- 
cant correlation between the acid nmnber of tile fa t  and the ac- 
ceptability of the fried products during frying. In general, 
there was little correlation between chemical and physical tests 
used to determine the percentage of fat  in the fried product 
(Rust and H;~rrism~, Food Tech~wl., 14, 605). 

Alterations taking place in soybean, rapeseed, and sesame 
oils heated in the presence of air (Toi and Ota, Kasei-gaku 
Zasshi, 8, 197, 269), and in fa ts  used in the deep f ry ing of fish 
meats and vegetables (Yamamoto et al., Kasei-gaku Zasshi, 10, 
57) have been established. No differences were encountered be- 
tween raw soybean oil and that  used in saut6ing or in roux 
preparation (Hashimoto, Ann. Rcp. Natl. D~st. N~trition, Tokyo, 
195o o, 86). 

The presence of vitamin C retarded the oxidation of fried 
food materials. NaC1 played the same role, but a high water 
content, accelerated the oxidation process. When different oils 
were compared, cottonseed oil proved more stable than soybean 
oil, and sesame oil more than rapeseed oil (Bito and Yamanloto, 
Yukagaku, 9, 415. 

Frying markedly reduced the nutri t ional utilization of caro- 
tene subsequently added to fried oils (Rangnekar,  Sei. Cult~re 
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Calcutta, 24, 530). Impor tan t  factors in this reduction were 
the vi tamin E content of the oil and the degree of hydrogena- 
tion. Coconut oil, which is devoid of vi tamin E, provided the 
best carotene utilization. 

Thiobarbiturie acid tests performed on trlglyeerides ,qud 
proteolipids f rom cooked pork tissue demonstrated that the 
latter were responsible for the intensive rancidity induced by 
heat  (Younathan and Watts ,  Food Research, .25, 5:~8). 

Pa ten t s  have been issued for the preparation of a shortmfing 
containillg thermally oxidized fa t  (Bremer and Hifman,  U.S. 
2,865,760) ; polymerization of unsatura ted fa t ty  acids (Myers 
an4 others, U.S. q,955,490) ; and thermal degradation of ricino- 
leates (Stein, U.S. (3,913,490). 

])ETEIRIORATION ])UI~ING STOI~AGE, Kapur  and Srivatan (Food 
Sci., 8, 257) reviewed the subject on storage and preservation 
of f a t ty  materials,  Roe (Lit ,  Rev. Oils Fats, 1956, 56) that  of 
spoilage, and Smith (Soybean Dig., 18 [12], 14) the relation- 
ship between the presence of peroxides, trace metals, and tocoph- 
erols and soybean oil stability. 

The addition of 0.01% of vitamin A, B, C, or K to safflower 
oil retarded the formation of peroxides. The effect ~as  greater 
when the oil was kept in the dark. The best effect was obtained 
with vitamin B~ and with a mixture of A and B,, both in the 
(lark and in daylight (Plissov et al., Tr~rdy ()&.ss~'. (;os~rdar.~'l 
Univ. im I.I.  Mechnikova, Set. Khim. Nat&., 146 [51, 97; c./., 
Trud:g Odessk. Gos~ldarst .Unh'., d, 5). Spans prolonged the 
oxidation induction period of lard and olive oil, but Tweens, 
Myrj,  and Brij  had the opposite effect (Finholt  and Hopp, 
Meg& Norsl< Farm. Selskap., 20, 23). In general, tile addi- 
tion of 2 rag.% of carotene increased tile storage stability and 
improved the organoleptie properties of fa ts  (Arisheva, Izrest.  
Vysshikh. Ucheb. Zavendeni{, Pishehevaya Tekloml., 195911], 
104). The presence of Cu and Fe accelerated the oxygen absorp- 
tion by cow ghee (Vachha et al., Indian J. Dairy Set., 71, 91) 
and increased the peroxide value of fa t  containing baked I~'od- 
uets when stored at 18-20 ~ but not at 35-37~ (T~ufel and 
Sergisko, Erniihrung-forschztng, 3, 100). Phospholipids pro 
tented dehydrated fa t ty  emulsions stored a t  elevated tempera- 
tures, espeeially in the presence of protein. Hemoglobin ac- 
celerated catalytically the oxidation reaction (Bishov et el., 
Food Research, 25, 174). 

The stabili ty of lard in chilled doughs was not affected by 
baking af ter  low-temperature storage, the percentage of fa t  in 
tile pastry,  or the storage temperature between --10 ~ and 20~ 
The addition of 0.01% of butylated hydroxyanisole (BHA)  or 
batyla ted hydroxytoluene (BHT)  or a eombinatim~ of both 
markedly extended the fa t  stabili ty of the pastry. Peroxide 
values increased slightly during the first eight weeks of cold 
storage and thereafter  remained at a low level (Weir et el., 
Food Research, 25, 120). 

The influence of the quality of tile original seeds (iRutkow- 
ski and Markus, Fette, Seifen, ~nd Anstrichmittel ,  61, 532), of 
the storage conditions (Harwalkar  and Sale(ore, Indian J. 
Appl.  Chem., 2.l, 61; Byonisz et el., Roeznilci Pd~lstlcowego 
Zaktadu Hig., 9, 255), of the storage and f rying conditions 
(Wurziger and Lindemann,  Fleischwirtschaft,  10, 599"), and of 
the refining process (Grau and Mirna, ibid., 694; Fette, Seifen, 
and Anstrichmittel,  60, 533) on the stabili ty properties of the 
filml oil have been studied. The effects of storage on the lipids 
constituents of rye bread and erispbread and their nutri t ional 
properties have also been considered (Halden and Karp,  Brot 
u. Gebiiek, 14, 104). 

Autoxidation and raneidifieation of essential fa t ty  acids 
could be prevented by their incorporation into foods as area 
inclusion compounds (Hohnan,  U.S. 2,875,060). 

Work done on fish oils indicated tha t  their oxidation was 
accelerated by the presence of chloroprene. The action of this 
compound increased in the presence of Cu and decreased in 
the presence of carotenoids and vitamin A (Mkhitaryan,  Izvest. 
Alcad. Nautc. Armyan. U.S.S.R. Kh im  Rank. ,  11, 109). Mack 
erel f a t  suffered hydrolysis and oxidation when stored at - - 8  ~ 

to -10~ but  not at - 4 0  ~ to -50~ Sterilization decomposed 
unstable peroxides to hydroxyaeids and aldehydes (Mel 'nikova 
and Khalina,  [zvest. Tikhookea~s Nazwh. Isledovatel Inst.  Rib- 
nogo Khoz. i Okeanog., 42, 299; c.f., Zhur. Khim.,  1956, Abstr.  
No. 31,180). The rate of phospholipid hydrolysis in cod stored 
at  20, 0, --14, --22, and --29~ was compared (Olley and Lo- 
vern, J. Set. Food Agr., 11, 644). All phospholipid breakdown 
in iced cod could be at t r ibuted to autolysis, with formation of 
free f a t ty  acids and water-soluble phosphorus derivatives. 

Severe loss of essential f a t t y  acids was experienced when 
flour tha t  was heavily treated with chlorine dioxide was stored 
for 12: days in air. Storage under ni trogen considerably reduced 

tile loss (Da~dels et at., J. 8ei. Food Agr., 11, 658). The fa t ty  
acid composition of the oils ill the flour, treated with more than 
12(t p.p.m, of chlorine dioxide, showed oxidative changes af ter  
several weeks of storage. The linoleic acid collteut of the oils 
decreased as a result  of the treatment (Daniels et el., J. Sdi. 
Food A qr., l l ,  6(}-[). 

Flavor alterqtion in milk aml related products has been 
studied. I t  was found that an enzyme mechanism is involved 
in spontaneously produced oxidized flavor in milk, and a chemi- 
cal one iu induced oxidized flavor. The former is prevented by 
heat or an enzymedlfllibitor (p-chloromercuribenzoate). Copper- 
induced flavor ix not prevented by tile foregoing t reatment  but 
by a copper-chehtting agent and by cysteine (Aurand et at., 
J. Dair!! Sci., 42, 961). The site of the oxidative reactions tha t  
cause the oxidized flavor iu milk is the surface of the fa t  glob- 
ules, and 1be reactants are phospholipids and oxygen, catalyzed 
by a Ca-protein complex (Tarassuk and Keeps,  J. Dairy Sei., 
g3, 93). 

The effect of deodorized milk fa t  on the flavor deterioration 
of dry whole milk was also investigated (Tharp, Univ. Micro- 
tilt(is [Ann Arbor, Mich.], L.C. Card Mie. 594132; Dissertation 
Abstr. ,  .:0, 1505. 

Of 25 lipolytic micro-organisms tested, 17 produced a rancid 
flavor when inoculated into milk samples. Eighteen brought 
about increases in free fa t ty  acids (Overcast and Skean, J.  
Dair]t Nr'i., 47, 1479). A distinct fish oil or codliver oil flavor 
appeared af ter  storage in r hut terf~t  containing nor- 
dihydroguaiaretie acid (N1)GA) and citric acid dissolved in 
propylenc glycol (Pont  ct el., J. Pairg Research, 27, 205). Two 
fractions were obtained ffoln a flavor concentrate front fishy 
bu t te r fa t :  the one of oily flavor eontaixmd n-hexanal, n-hepta- 
nal, hex-2-enal, and beptan-f-one; the other of metallic flavor 
contained a single carhonyl compound present  in a relatively 
small amount. These compounds, with tile exception of heptan- 
2-one, were considered responsible for the characteristic fish oil 
flavor (Forss et at., d. Dair.~t Research, :7,  211). The same 
range of carbonyl compounds was found in tallowy and painty~ 
flavored but terfa t  and ill fishy-flavored washed cream (ibid., 
373). Nevertheless the carbonyl compounds present were not 
tile same. CarbonyI compounds also developed in autoxidized 
milk fa t  (Lillard, J. Dairy Sci., ~3, 585) and in oxidized soy- 
bean oil (Evans ct el., J. Am. Oil Chemists' See., 37, 452). The 
extent of carbonyl dex-elopment was considered related to the 
state of loss of flavor and oxidative stahility. On the other 
hand, cheddar cheese flavor was more related to free fa t ty  
acids and H,S concentrations than to NH:s free amino acids, 
qnd acidic and neutral carbonyl compounds (Kristofferscn and 
Gould, J. Dair9 Set.. 43, 1202). No aeclunuh~tion of carbonyl 
compounds took place in rancid wheat flour; rather oxidation 
and hydrolytic processes and increase in acid value were veri- 
fied (Vakar r el., Biol.'him. Zerna, Sborni]c, J958 [43, 206/. 

The probleul of "color  reversion,"  i.e., darkening of refined 
vegetable oils during keeping, has been attacked. In deodor- 
ized soybean oil the speed of color reversion paralleled the 
initial velocity of autoxidation (Harada et el., Nippon Xoqei- 
ka.qa~'~l Kaishi, 34, 545~. Comparative studies with several oils 
demonstrated that  the substrate for color reversion was not in 
the glyceride portion but probably in the unsaponifiablc mat- 
tel'. Experiments on its physical and chemical properties led to 
the conclusion that  it was tocopherol (ibid., 551). Iron (Fe) 
accelerated the color reversion of soybean oil heated in its 
presence. Pr imary  autioxidants (prollyl gallate, BHA, X1)GA. 
and isoamyl gallate) did not prevent color reversion, but syn- 
ergists ( tartaric and oxalic acids, NH~ citrate, and tfaPO~) 
caused strm~g inhibition (iSid., 558). 

Several methods for the determination of rancidity ill fa t ty  
materials (Sedlfic6k, A'ahrl~fl, ~, 655; Vargas Romero aud 
Gutierrez Conzalez-Quijano, Grasa y Aeeites, 9, 14; Ishikawa 
and Horikawa, Jis.sel~ Joshi Daipal.ul Ki.qo Shizrn Kaga]:u, 
Ka.sei-ftalcl~, 3, 1; Kar tha ,  J. Sei. I~d. Research, 17B, 135), as 
well an eolorimetric iodometrie procedures for the determine- 
lion of tile peroxide wdue of edible fa ts  (Swoboda and Lea, 
Chem. and hM., 1958, 1090) have been compared. 

The Swift test was used as a source of information for the 
alteration of various peanut oils (Debruync, Rex:. Franc. Corps 
gras, 7, 3) ;  polarography fox' the study of autoxidized bird 
( K a t e  and Quaekenbush, J. Am. Oil Chemists'  Soc., 37, 148 ~ ; 
the dielectric and refraetodensimetrie constants for the ewdua- 
(ion of aging (Ludde, Fette,  Sei/en, and Anstrichmittel,  6l ,  
1157); and spectrophotometry for the estimation of rancidity 
in linseed oil (Machulis, U('he~ye Zapis~:i l'il'nlp~s Univ. Set'. 
Mat. Fig. i Khim. Xald,'., 1956 {6], 83; e./'., Zh~r. Khim., 19.5X, 
Abstr. No. 2715). 

Methods fox' the determination of malonal aldehyde in rancid 
foods (Tarladgis  et el., J. Am. Oil Chemists'  See., 37, 44) and 
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for  t e s t i ng  the  oxidat ive  de ter iora t iou  of milk (Vleeschauwer  
et aI., Mededeel Landbo'uwhogeschool ca, Opzoeking.s'statio~s 
Staat Ghent, 23 [1],  121) have  been described.  

Aria.lyrical me thods  for the  charac te r i za t ion  of polymer ized  
f a t s  were compared  by TRufell  el at ,  (De~tt. Lebens. Rnndscha.u, 
5G 245),  and  a procedure  for  the  eva lua t ion  of  the  heat  t reat -  
m e a t  of  soybean  meal  was repor ted  ( P o m e r a n z  and  Lindner ,  
J. Am.. Oil Chemists' See., 27, 124).  

~)BT~I~IOgATION BY IIgZADIATION. A review art icle  on tile pres- 
ence of earbonyl  compomlds  ill i r r ad ia t ed  foods  and  thei r  sig- 
nificance as inh ib i tors  of  l ipid metabo l i sm was preheated  lie- 
fore  u sympos ium on " N e w  Aspec ts  of  Nu t r i t i on  Uncovered  
in S tudies  with I r r a d i a t e d  F o o d s "  (3Iontv ,  Federcation Proc., 
19, 1034).  Techniques  used in ionizing rad ia t ious  and  radio- 
isotopes in f a t s  and  thei r  der iva t ives  have heen reviewed aml  
d iscussed (Ga t ineau  and  Uzzan,  Rev. Franc. Corps Gra G 6, 228).  

The chemical  changes  induced  in  foods  by i r rqd ia t ion  have  
been  considered wi th  r ega rd  to thei r  effects on the  qual i ty  and  
on the  nu t r i t i ve  value and  possible  toxic i ty  (Ley  and  Hicknlan,  
Research, London, 13, 1931. The  peroxide nunlber  of  f a t s  in- 
c reased  on i r r ad ia t ion  bu t  rare ly  exceeded 100, which is a non- 
toxic  level. L a r g e  losses of  caro tenoids  and  pre forn led  v i t amin  
A took place. Poor  reproduct ive  pe r fo rmances  in r a t s  f ed  on 
i r r ad ia t ed  semi-synt l le t ie  diets m i g h t  be a t t r i bu t ed  to v i t amin  
E destruct ion.  

W h e n  chicks were fed  3 ' - i r radiated soybean  oil, corn oil, beef  
and  pork f a t t y  t issues ,  essen t ia l ly  equal  nu t r i t ive  values  were 
f o u n d  as compared  to non t r ea t ed  f a t s  (Ri tchey  and  Richard-  
son, Poultry Sci., 30, 404).  

The au tox ida t ion  of l inseed oil under  u l t raviole t  l ight  prob- 
ab ly  took place in three  s teps :  hydroperoxide  fo rmat iou ,  de- 
composi t ion  of the  f o r m e d  hydroperoxides  and  fo rma t i on  of 
secondary  oxida t ion  products ,  and  decomposi t ion of hyd ,o-  
peroxides  and  secondary  oxidat ion  products ,  f o rnmt ion  of 
scission products ,  and  po lymer iza t ion  (Hehne  et al., Rev. Franc. 
Corps Gras, 6, 609).  I r r a d i a t i o n  with ul t raviole t  l ight  increased  
the  trans-fatty acids con ten t  of  la rd  and  olive oil. A s l ight  in- 
crease  took place i~t beef  f a t  and  a decrease in hyd rogena t ed  
p e a n u t  oil (K i ihn  and  Liiek, Z. Lebensm.-Untcrs~ch. ltnd 
Forsch., 109, 306).  I n  s imilar  s tudies  pe r fo rmed  o1[ ethyl oleate, 
olive oil, and  la rd  (Kl ihn  and  Lftek, Forte, Seifen, i~nd A~strict> 
mi.ttel, 61, 680) peroxide,  qeid, iodine, and  hydroxyl  values as 
well as spectroscopic de t e rmina t ion  of trans-isomerization were 
employed to follow tile course of the react ion.  

Linoleie  acid and  a g roup  of acids con ta in ing  the  vinyl  group 
and  b ranched  cha ins  were responsible  for  ti~e fishy t am candle-  
like flavor, respectively,  of i r r ad ia t ed  milk fa t .  These  two 
flavors b lended upon  mix i ng  to give the typical  ta l lowy oxida- 
t ion flavor of t ha t  product  (Hef t  et al., J. Dairy Sci., 42, 468).  

Hexana ]  and  hep tana l  were identif ied with the "dd of paper  
c h r o m a t o g r a p h y  and  i n f r a r e d  spectroscopy as p roduc t s  of  lin- 
seed oil au tox ida t ion  unde r  l igh t  r ad ia t ion  ( K a u f m a m l  and  
Voge lmann ,  Fette, Scifen, ztnd Anstriehmittel, 61, 561).  

Mice have  been exposed to nml t ip le  suble tha l  doses of  total  
body x- i r radia t ion ,  and  several  an t i ox i dan t s  have  heen added 
to tile diet  in  order to detenni l le  their  effect on the  surv iwd 
tinre (Ershof f  and  Steers,  Prec. Soc. EXl)tl. Biol. Med., J04, 
274).  P ropy l  gal latc ,  2,5-di-tcrt-butyl-hydroquinone, and  B H T  
a t  levels of 0.25 or 0.5% in the  diet increased  the  survival  over 
t ha t  on basa l  unsupp l emen t ed  rat ions.  3f ixed tocopherols  and  
San toqu in  a t  the  fo rmer  level au4  D P P D  at t)oth levels had  
little, i f  any,  protec t ive  effect. 

LIPOXIDASE OXIDXTION. A m e c h a n i s m  tha t  accounted  for  tile 
l ipoxidase-catMyzed oxidat ion of linoleic acid was proposed.  
Sodimn l inoleate was oxidized with oxygen at  0~ in the  pres- 
ence of  i ipoxidase,  and  tile va r i a t ion  ill the  content  of  eis- and 
t r ans - i somers  was es t in la ted  by in f r a red  ana lys i s  ( K h a n ,  Old- 
agine~tx, I5, 759).  

Oral adn l in i s t r a t ion  of l iDoperoxidase (1 mg . / ml . )  in drink- 
i n s  water  for  40 days  to mice caused p ro fuse  loss of ha i r  with 
alopecia zones all over the  body. Microscopic examiua t ion  
showed a t roph ied  ha i r  follicles. Topical  appl ica t ion  of q mix-  
tu re  of l ipoperoxidase  a nd  linoleic acid caused alopecia and  
ulcerat ive  lesions ( P u i g  Maser  et al., Arzneimittel Forsch., i0, 
234).  A d m i n i s t r a t i o n  of l ipoxidase  (250 n l g . / kg . ) ,  x- i r radia-  
t ion  (5.5 r /m i r a )  or a combina t ion  of both  caused weight  loss 
in r a t s ;  the  effect was more severe with the combined t rea t -  
mea t .  P roduced  peroxides  were considered responsib le  for  
these  effects  ( P n i g  Mase r  et at,  Nat~re, I8.l, S u p p l . . N o .  9, 
1506).  

])E~rlgglOghTION .~'i~ECHXNISM. General  d iseuss ious  on tile chemi- 
cal mechanisu l  involved in auto- and  induced-oxida t ion  have  

been pul)lished. P r i ve t t  (J. Am. Oil Chemists' See., 36, 507) 
dismmsed oxida t ion  lind au tox ida t ive  pelymerizmtion.  La th l ean  
(Paint J. Australia-Yew Zealand, 3 I 1], 12, 151 reviewed the  
mechauisn l  of  hydroperoxide  fo rma t ion  and  decomposi t ion,  also 
subsequel t t  po lymer iza t ion  d u r i n g  the rmal  oxidat ion  of oils. 
Also desvribed were paper  c h r o m a t o g r a p h y  methods  for  s tudy-  
ing  seission products .  Other  sub jec t s  reviewed have been:  
mechaif ism of litioleie acid oxidat ion,  especially ill the  presence 
of nletal  ca t ,dys t s  (Vri ,  l'roc. 4fh IMern. Conf. Biochem. Prob- 
lems of Lipids, O.rford, 19.58, pp.  30 ) ;  na tu r a l  hydroxy  an d  
epoxy acids  (Gunstone ,  ibid., 36) ; k iuet ics  of  oxidat ion  ( K n o r r e  
et al., Izrcst. Akad. A'mtk. U.S.S.R., Otdel. Khim. Na~tk., 1957, 
693 ; chemis t ry  of t he rma l ly  oxidiz(,d oils (Perk ins ,  U)tir. Micro- 
films ] A n n  Arbor ,  Mich. ] ,  L.C. Card Mic 58-5475; l)issertation.~ 
Abstr., I9, 959) ; fo rnmt ion ,  reaction,  and  ana lys i s  of  fa t  per- 
oxides (Ir Fcth., Svifen, ~lnd A)~striehmittcl, 60, 637) ;  
oxidat imi  of f a t s  and  oils ( Ishi i ,  Kagat:G JQIoto, 11, 662; 
Radzi tzky,  Ind. Chim. Beige, :3, 233).  

A f t e r  i nves t i ga t i ng  the thernml  oxidat ion  of luethyl  laura te ,  
s teara te ,  and  oleate, H a m a t h a n  (J. Am. Oil Clwmists' See., 86, 
344) proposed  the fol lowing possible  meehalf ism for  the ther-  
nml oxidat ion  of f a t t y  acid es te rs :  de sa tu r a t i on ;  hydroperoxide  
f o r m a t i o n ;  i n s t a n t a n e o u s  decomposi t ion  of  tile hydroperoxides  
into various hydroxy,  carhonyl ,  and  carl)oxyl colupounds;  de- 
colnposit ion of these  compoumls  to release CO:, ('O, and  H._,O; 
aml  polymer iza t ion  th rough  ei ther  eal 'holl-e~lrbon l inkage  or 
ester  l inkages.  

The development  of  var ious  Lvpes of in t e rmed ia te s  and  end- 
p roduc t s  of  oxidat iou and  the fo rma t iou  of  f ree  radicals  on tile 
in i t i a t ion  of the  oxidat ion react ions  were considered respon- 
sible for  the  different  behavior  of var ious  f a t t y  acids  upou 
cata lyt ic  oxidat ion (Schuler  cl al., Yette, Seifcn, 1old Anstrich- 
mittel, 6?, 389).  The f a t t y  acids  tes ted  were linoleic, a-eleo- 
stearic,  arachidonic ,  CiUlmnodouic, aud  erucie;  and  tile cata-  
lysts  were cortisone,  and  Cu aml Co ions. 

The ini t ia l  s tages  of f a t t y  acid oxidat ion  have  been s tud ied  
hy me ' ins  of  i n f r a r ed  spec t roscopy (Mironova,  t)rime~enie 
Metodov Spel,'tro.~!,-opii v, Prom. Prodocol'.~tren. Tovarov i 
Sel.'Mc. Khoz. L~ni<(n'ad (;os~tchlrst l.U~ic, im A. A. Zhdanova, 
Leninffrad, 195.5, 94:~. 

Four  hydroperoxide  isomers  have  been demons t r a t ed  to be 
fo rmed  dur ing  ; lutoxidat ion of nlethyl  oleate. Tile hydroper-  
oxide g roup  was located iu the a-posit iou rela t ive to the  double 
bond (P r ive t t  and  Nickell ,  Fettc, Seifcn, io~d Anstrichmittel, 
61, 842).  Carbonyl  coulpounds present  iu the  same autoxidized 
ma te r i a l  were propionic,  cnanth ic ,  "lad pelargonic  aldehydes,  
azehdc ha l f -a ldehyde ,  and  dioxystear ic  acid (Nonaka ,  J. Tokyo 
Undo. Fisheries, 4J;, 1271. The sanle, plus  ~cetie, cupric, an d  
crotonic aldehydes,  were fouud  iu autoxidized  linoleie acid. 
Carbonyl  compounds  also occurred in oxidized lard,  p ro lmbly  
sis a consequence of b reakdown of precursors  by react iou con- 
di t ions  (Gaddis  ct al., Food Besearch, .~'5, 495).  

The rate  of  au tox ida t ion  of methyl  l inoleate and  lino!eic 
acid emuls ions  in aqueous  buffer  solut ions increased  with an  
iucrease  in the  p t I  of  the  buffer.  The rate  decreased wi th  in- 
creased concen t ra t ions  of NaCl ht the sys tem.  The ac t iva t ion  
energy for the  nionomolecular  and  bimolecular  reac t ions  of both  
the acid and  ester  was found  to be independen t  of the  p H  value 
and  NaC1 eoneelitration (3 labrmlk  and  Duga l  L d. Am. Oil Client- 
ixts' See., .37, 486~. Methyl  l inoleate hydroperoxide  acted as 
a ca ta lys t  ill tile same react ion ( K e r n  et al., Makromol. Chem., 
.]:, 184, 191 ; see also Dulog  and  Kern ,  Deut. Farbcr-Z., 14, 10) .  
The catal.vtic act ion of sorbic acid ill the oxidat ion of this  an d  
other methyl  es ters  and  fa t s  were also inves t iga ted  (Tiiufel  et 
al., Xahrtov/, 3, 134[). 

Dif ferent  polymeric  aud pcroxidic ma te r i a l s  forme(l du r ing  
me thy l  linoleqte and  nlethyl  l inolenate  oxidat ion  have been ex- 
amined  ( K h a n ,  J. Sci. Ind. Research, 1, 12).  n-Deea-2,4-dienal  
was  shown to resul t  f rom the deodorizat ion and  hea t  decompo- 
s i t ion of  the  fo rmer  ( P q t t o n  et a.l., J. Am. Oil Chemists' Soc., 
36, 280). 

W h e u  autoxid ized  f a t t y  methy l  es ters  and  f a t t y  hydroper-  
oxides f rom tinoleate- and  l inolenate-r ieh oils were hea ted  in 
the  absence of oxygen,  the  pr inc ipa l  react ion was d imer iza t ion  
wi th  e l imina t ion  of the  hydroperoxide  groups.  Dimers  were 
charac te r ized  "is m o n o u n s a t u r a t e d  conlpounds wi th  a s t ruc tu re  
d i f ferent  f rmn  a s ix -membered  r ing  (F ranke l  ct al., ibid., 37, 
4181. 

Ana lys i s  of the p roduc t s  of  ca ta ly t ic  au tox ida t ion  of ricino- 
leic acid showed t h a t  there  was cousiderable  dehydra t i on  an d  
self-ester if icat ion,  followed by  oxidat ive  rup tu r e  of the  molecule 
and  recombina t iou  of the  scission products  to fe ra l  polymers .  
I n  the  abseuce of oxygen,  ester if icat ion occurred hu t  not  de- 
hyd ra t i on  (Gulbekian  and  Skellon, J. Appl. Chem., 9, :224). 
W h e n  the same acid was hea t ed  or kept  at room t empe ra tu r e  
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in an inert atmosphere, the main reaction was the formation 
of estolides. The autoreactions of rieinoleic acid were intra- 
molecular a.nd intermoleeular dehydration (Hawke and Kohll, 
J. S. Afr ican Chem. Inst.,  12, 1). 

Heated ia the absence of oxygen, linseed oil fat ty acid ethyl 
esters formed predominantly dimers and trimers. The cleavage 
products that were originated were volatile and rich in double 
bonds and contained acids, alcohols~ aldehydes, and ketones. 
The gaseous cleavage products consisted of C_,H, and COe and 
small quantities of CO, H~, CH~, Calls, propylene, butylene, and 
butadiene. The reaction affected mostly unsaturated fa t ty  acids, 
especially linoleic. The newly formed substances contained only 
isolated double bonds. The eis olefins change into the trans 
forms during heating. Infrared data suggested the presence of 
a cyclic monomer. The addition of iron inhibited the loss of 
double bonds and promoted polymerization processes, the for- 
marion of the constituent parts of the pyrolysis fraction that  
cannot be distilled, the cleavage of CO~, and thus ketone forma- 
tion (Axt, Nahrung~ 3, 18). The oxidation kinetics of linseed 
oil in the presence of various catalysts (Pb and Co stearate, 
also dispersed metals) was investigated (Lunina, Nmtch. Dok- 
lady Kysshei Shkoly, Khim. i Khim. Tekhnol., I958 [2], 275). 
A possible mechanism for its SO2 catalyzed oxidative polymeri- 
zation was proposed (Boelhouwer et al., C.R. 31 ~ Congr. Intern. 
Chim. Ind., Liege, 1953; publ. as Ind. China. Belge, Suppl. 2, 
556, 1959). Small differences were found in the X value (X = 
1.58 B -  A, where A =  iodine number, and B = bromine num- 
ber) of the same oil polymerized by heat alone and t0y heat and 
air (Taniewki and Bulczyhska Przemys~. Chem., 35, 324). 

Autoxidation products of cetoleic acid formed during storage 
for 18 years were isolated by means of solvent extraction, urea- 
adduct separation, and inverse-phase chromatography. The 
presence of the erythro and three forms of ll,12-dihydroxy- 
behenic acid was demonstrated (Matsuura et el., NipTon Ka- 
gaku Zasshi, 81, 825). 

AX~OXlI)ANTS. Two review articles on the relationship be- 
tween vitamin E and lipid metabolism (Alfin-Slater, Am. J.  
Cli.n. Nutrit ion,  8, 445; Horwitt, ibid., 451) have been pub- 
lished. The antioxidant action of phenolic compounds on animal 
fats  increased with increasing amounts until a maximum effect 
was obtair~ed. After  this, additional amounts lowered the anti- 
oxidant effect. The addition of phenolic antioxidants to vege- 
table fats had practically no effect. When the total amount of 
antioxidants (natural plus added) was taken into account, no 
difference in the behavior of animal and vegetable fats existed 
(t leimann and yon Pezold, Z. Lebensm.-Unters~ch. ~u~d -Forsch., 
108, 317). 

Several properties of antioxidants, synergists, and other 
agents in autoxidation reactions have been tested in a methyl 
linoleate-water model system. The efficiency of a- and r 
thol, diphenylamine, phenyl a-naphthylamine, and DPPD as 
antioxidants was pH-dependent and decreased slowly with in- 
creasing alkalinity. The stabilization afforded at pH 9.2 made 
them suitable for fats products of slightly alkaline reaction. 
All the antioxidants that. were studied showed higher apparent 
activities in the presence of aqueous phases of low pH values 
than in dry linoleate (Spetsig, Arkiv. fbr  Kemi,  15, 1). Oxi- 
dized polyphenolie antioxidants could be restored to their origi- 
nal form by direct hydrogen transfer from suitable synergistic 
antloxidants. A possible mechanism was the additim~ of the syn- 
ergistic antioxidant to the quinone, representi~g the spent pri- 
mary antioxidant, to give a substituted pelyphenol with pri- 
mary as well as secondary antioxidant properties (ibid., 5). 
The artificial two-phase system was also used to evaluate syn- 
ergistic antioxidants in combination with both polyphenols and 
diarylamines. Among synergists which act by direct hydrogen 
transfer and autoxidize in aqueous solution, ascorbyl pahnitate 
reinforced the action of hydroquinone. Aseorbic acid diminished 
the induction period, owing to coupled autoxidation with the 
hydroquinone leading to accelerated destruction of both anti- 
oxidants. Autoxidation was also responsible for the detri- 
mental effect of thloglycolic acid and NaHSOa, which were 
tested as representatives of synergists that  react with the 
quinones, representing the spent polyphenolic antioxidants, to 
give new substituted polyphenols. Two nonautoxidizing syner- 
gists of this type, glycine and alanine, had only adverse effects 
on hydroquinone, Bt{A, and NDGA. Phosphoric, maleie, rod- 
lonic, citric, tartaric, and malic acids, which are synergists with 
an unknown mode of action, also had small positive or nega- 
tive effects on the same primary antioxidants. In contrast, they 
had strong synergistic effects on phenyl-a-naphtylamine and 
DPPD in slightly acidic solution, as had also malonic acid, 
aseorbie acid, and ascorbyl palmitate. Thioglyeolic acid and 
NaHSOa had a detrimental influence. Ir~ alkaline solution only 
glyeine and citric acid showed any influence on diarylamine 

antioxidants (ibid., 23). When dilute solutions of proteins, 
carbohydrates, and surface-active agents were added to methyl 
linoleate that  contained hydroquinone, BHA, or DPPD, the 
induction period was usually" increased (ibid., 31). Some in- 
gredients of foods and commercial emulsions played an im- 
portant role in maintaining the stability of the methyl lino- 
leate, whether protected with an antioxifiant or not. A pro- 
nounced detrimental effect was exerted by ingredients contain- 
ing autoxidizable substances, such as essential oils and phos- 
phatides, which had already formed peroxides during storage. 
An appreciable catalytic activity was also shown by ingredients 
containing traces of heavy metals in the form of heine com- 
pounds or contaminants incorporated during handling and 
storage (ibid., 39). 

Praseodymium gallate, dodecyl gallate, Bt{A, BHT, tert- 
butylquinol, 2,5-tert-butylquinel, 2,2'-methylenebis ( tert-butyl- 
quinol), and 4,4'-methylenebis (2,6-di-tert-butylphenol) have 
been compared at 37 ~ and 50~ in purified, distilled methyl 
esters of cottonseed, linseed, eodliver oil fa t ty  acids to which a 
small amount of pre-oxidized ester had been added to initiate 
oxidation. The relative activity of the antioxidants varied con- 
siderably with the fa t ty  acid composition of the substrate and 
with the temperature and level of oxidation at which the meas- 
urements were made (Lea, J. Set. Food Agr., 11, 143). Com- 
parison of the antioxidant activities of tocopherols in similar' 
systems at 37 ~ and 60~ indicate the following: in the lino- 
leate (cottonseed) systeuI the a- and ~-compounds were the 
most effective and the a-, fl-, ancl e-compounds the least effec- 
tive in extending the induction period. In  the polyunsaturated 
(linseed and codliver oil) systems the 7-maintained its position, 
but the ~- was at the bottom of the series and the a- and j3-com- 
pounds near the top. The relationship between antioxidant 
activity and structure in tocopherols was discussed (Lea, J .  
Set. Food Affr., 11, 212). 

When the destruction of tocopherols during the autoxidation 
of fa ts  was investigated, it  was found that  cottonseed oil and 
lard caused higher losses of tocopherol than highly unsaturated 
vegetable oils, probably because the hydroperoxides formed in 
the highly unsaturated vegetable oil decomposed rapidly before 
they reacted with tocopherol. Antioxidants that  react more 
rapidly than tocopherol with polyunsaturated fa t  hydroper- 
oxides are needed to stabilize highly unsaturated vegetable oils 
(~rankel et al., J. Agr. Food Chera., 7, 438; Khan, Pakistan 
J.  Biol. Agr. Set., 2, 24). The stability of carotene and vitamin 
E solutions in fats  decreased with the increasing peroxide num- 
ber (Savinov and Mikhailovnina, Vitaminy, Akad. Nauk. Ukr. 
U.S.S.R. Inst.  Biokhim., 3, 66). The lower the concentration of 
carotene and vitamin A, the longer the induction periods of 
their autoxidation reactions. The induction periods eould be 
shortened by the addition of fa t ;  the more unsaturated ones 
have the more marked pro-oxidant effect. DPPD was the most 
effective of several antioxidants tested (Budowski and Bondi, 
Arch. Bioche~n. Biophys., 89, 66). 

The most effective lard stabilizers were NDG&, a-tocopherol, 
and a mixture of praseodymium gallate, propylene glycol, arid 
citric acid (Zangucchi and De~b~dati, Ind. Conserve, 33, t l ) .  
Also effective were tamfin, isobutyl gallate, vitamin C, and 
mixtures of vitamins C and E. Traces of metals catalyzed the 
oxidation of fats  and the decomposition of vitamin E (Prsz- 
niak, Prace Inst.  Przemgs~u Miesnego, 1, 163). The oxidation 
of codliver oil could be prevented by the addition of 0.05% 
ethyl gallate, BHT, BHA, and octyl gallate (Davydova and 
Tresheheva, Rybnoe Khozy., 34 [10], 70). Gallates were also 
suitable antioxidants in hog fat  (Pokorn.r Sbornik Ceskoslov. 
Akad. Zeni~d~l Ved., Vet. :lied., 4, 235), salt herring (Mar- 
cusse, Fette,  Seifen, und Anstrichmittel ,  60, 482), and peanut 
oil (Roy and Guha, Inxest. Composition Nutri t ive Value, Vanas- 
pati, ,~, 1), but neither they nor BHA prevented tocopherol 
destruction. Gallates seemed to be toxic beyond the level of 
0.01% (van Esch, Feeding, t5", 683). 

The most effective antioxidants in ethyl oleate were NDGA, 
propyl gallate, and dodecyl gallate; moderately effective was 
BHA (Bottoni and Fogliani, Far,naco, Eel.. Prat., 1i ,  446). 

Metabolic studies demonstrated that, given at low doses to 
rats, BHA and its accompanying isomers (2- and 3-tert-butyl- 
4-hydrexyanisole) were absorbed, readily metabolized, and ex- 
creted in amounts ranging from 82 to 100% of that  ingested 
(Astill et al., Biochem. J., 75, 543). Normal testing doses of 
BHA produced no apparent changes in growth, food consump- 
tion, reproduction, mortality, organ weights, and post-mortem 
pathology of rats. On the other hand, normal doses of BKT 
significantly reduced the initial growth rate and mature weight 
of male but not female rats. BHT also produced a significant 
increase in liver weight and loss of hair. Neither affected the 
reproductive cycle or the histology of the spleen, kidneys, liver, 
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~es~es, or skin (Brown, Australian J. Exp. Biol. Meal. Sci., 37, 
533). B H A  could also be ingested by dogs without harm, as 
indicated by 15 month feeding experiments in which the anti- 
oxidant was given at  a level at  least 220 times its maximum 
allowable level in lard (Wilder et al., J. Agr. Food Chem., 8, 
504). DPPD accumulated mainly in the liver and body fa t  of 
hens fed different levels of it. The maximum level in eggs and 
organs was reached after  two weeks of oral administration, and 
practically all stored DPPD had disappeared two weeks af ter  
i ts withdrawal from the diet (Asearelli et al., J. Sol. Food Agr., 
11, 509). 

Thirteen ant ioxidants  have been evaluated at various dose 
levels for effectiveness in protecting rats  against  necrotic liver 
degeneration. Di-tert-amylhydroquinone, Santoquin, and DPPD 
were effective, but aseorbic acid and methylene blue afforded 
no more than 30-40% protection (Schwarz, Proc. Sot. Exptl.  
Biol. Meal., 99, 20). 

The microsome fraction from rat  livers deteriorated by lipid 
peroxidation at a rate of 0.1 ml. of oxygen reacted/rag, nitro- 
gen/hr ,  at 37~ Added toeopherol inhibited the reaction. Cyto- 
chrome b~ and other hemoehromes tha t  were prescott appeared 
to act as catalysts  (Tappel and Zalkin, Nature, 186, 35). Per- 
oxidation in various tissue homogenates was affected by the 
presence of vitamin E in the diet. When dietary vitamin E 
was adequate, only the brain formed peroxides. When depleted, 
all tissues rapidly formed lipid peroxides (Bieri and Anderson, 
Arch. Bioche~. Bioph~Is., 90, 105). Lipid peroxidation was 
also found in mitoehondria isolated from vitamin E-deficient 
rabbit  livers (Tappel and Zalkin, Arch. Biochem. Biophys., 88, 
113), bu t  the presence of vi tamin E or selenite in the diet 
inhibited the reaction (Zalkin et at., Arch. Biochem. Biophys., 
9i ,  117). From these and other experiments it was concluded 
tha t  vitamin E functions solely to stabilize cellular unsatura ted 
lipids aga ins t  oxidative deterioration, thus maintaining struc- 
tural and functional integri ty at  the subeeltular level. I t  was 
also suggested that  dietary selenite functions by forming lipid 
antioxidants in the animal. Selenite and other ant ioxidants  
also had an influence on exudative diathesis in chicks (Sonde> 
guard et at., Experientia, 16, 554). 

Inhibi tors  of free radical reactions, like propyl gallate, have 
been found to inhibit  mitosis in human cancer cells (Lipchina 
et al., Doklad9 Biol. So,i. Sect., I3I ,  204). 

Several compounds have been tested for antioxidant activity, 
namely, ascorbyl palnfitate (Cerutti, Olearia, ~0, 39, 130); 
alkaline whey, extract of oats, quereetin, dehydroquereetin, and 
a combination of quereetin and citric acid (Mas~k and Hold, 
Olearia, 10, 100); tioxans (Paquot  and Mercier, Ol&~Tbze*~x, 
i4,  591) ; lecithin and its products of hydrolysis (Urakami and 
Kameyama,  Bull. Chem. Sot. Japan, 33, 29);  and two alkyl 
phenylenediamines (Draper and Johnson, J. Agr. Food Chem., 
6, 920). Chlorophyll acted as a pro-oxidant iu the daylight but  
was ineffective in the dark. In  eombilmtion with ant ioxidants  
it  acted as a synergist  in the dark (T~iufel et al., Fette, Sei/en, 
and Anstrichmittel ,  61, 1225). Antioxidants for pitted f rui t  
oils were also described (Shevlyagina et al., Trudy Vsesoy~tz 
Nauch. Isstedovatel Inst .  Si,~tet. i Natural Dushistykh Ve.dt- 
chesty., 1958 [4], 119). 

Peredi (Nlelmezdsi Ipa% i2, 97) reviewed the a ntioxidants 
used in industry. 

The addition of antioxidants to the paper wrapper of bakery 
products inhibited rancidity. Trace metals had the opposite 
effect (de la Barbolla y Alcala and Vargas Romero, Grasas .~! 
Aeeites, 9, 55). 

Pa ten t s  have been issued for the following antioxidants:  
dialkylp-phenylenediamine (Chenicek, U.S. Z,856,293); poly- 
amines (Raehinskil et al., U.S.S.R., 118,935); unsaponifiable 
residue of natural  fa t s  (Stein and others, Get. 936,646); 1,4- 
dihydroxy-5,8-ethane-hydronaphtalene (Thompson, U.S. 2,903,- 
368);  antioxidants f rom rootlets (Baker and Dockstader, U.S. 
&9~6,345). See also Dugan  and Kraybil l  (U.S. 2,950,975). A 
solvent for f a t  and oil antioxidants was also patented (Knowles 
and Pridgen, U.S. ~,95~,908). 

h{ethods have been described for the determb~ation of hal- 
lutes in edible fa ts  (Cassidy and Fisher, Analyst,  85, 295), and 
DPPD in biological materials (Budowski et al., J. Sei. Food 
Agr., 11, 503; Csallany and Draper, Proe. Sot. Nxptl. Biol. 
Med., 104, 739). Also a method for the evaluation of antioxi- 
dants, based on vitanfin A protection, has been developed 
(Morgan and @rob, Poultry Sci., 38, 1563). 

Paper  chrmnatography permitted the identification of tert- 
B H A  and tert-BHT, and oetyl, decyl, and dodeeyl gallate (ter 
Heide, Fette,  Seifen, uud Anstriehmittel ,  60, 360). 

Production Processes 
EXTRACTION. New extraction appara tus  reported during the 

year inelude a s ta t ionary basket extractor (It. P. I-Iutehins, J .  

Amer. Oil Chem. Sot. 87, 674);  a continuous bucket chain ex- 
tractor (W. Depner, Get. 890, 940) ; a countercurrent flow appa- 
ratus (H. Stoltenberg Get. 1,004,310); and a high pressure 
extractor (L. A. Yutkin and L. I. Ool'tsova, U.S.S.R. 120, 
884). Hexane was recommended for filtration-extraction proeess 
to grojoba seed (J .  J.  Spadaro, et at., s A~er .  Oil Chem. Sot.  
.32, 121). High grade oil was obtained by direct solvent-extrae- 
tion of castor beans (E. L. D 'Aquin ,  et al. J. Amer. Oil Chem. 
Sac. 37, 93). Sunflower seed and soybeans were processed by a 
single stage pressing and uninterrupted extraction (M. A. 
Minanyan and E. Z. Plyushkin, Masloboino Zhirovaya Prom. 
195~ (5), 29). Lipid fractions with increased iodine number and 
free of phosphatidcs were obtained by extract ing the crude 
products at -30 ~ to -60 ~ with hexane, ethyl chloride, or lique- 
fied propane containing 30~1~ butane (H. P. Kaufmann ,  Ger. 
1,ooo,255). The prepressed oil cake was ground to a flour and 
then sprayed with atomized water until it contained 7-13% be- 
fore extraction (A. I. Skipin, U.S.S.E. ns,�aa). 

The quality of vegetable marrow oil was improved and the 
extraction faeilitated by the use of higher temperatm'e of 
roast ing (O. Gorbach and P. Stranger-Johnnnessen,  Fette,  
Sei1"e~r ~o~d A~tsfrichmittel 6'1, 1001). The meehanism of ex- 
traction of soybean by different solvent was reported (D. F. 
Othmer and W. A. aactinem, R~.r. Fra~w Corps Gras 6, 408). 
The effect of temperature on critical nfiseella concentration was 
studied (M. E. Oinn et al., d. Amer. Oil Chem. Sac. $7, 183). 

REPINING. A number of new or improved refining processes 
were reported. The rotat ing contaetor offers a most  versatile 
refining plant (H. R. Kaiser  and C. M. Doyle, J. Amer. Oil 
Chem. Sac. 37, 4). Urea was used to remove f a t t s  acids and 
mona-acid diglycerides formed during storage of raw oils (T. 
N. Metha and 31. S. 3furty, Grasas y Aceites, 9, 316). Fa t s  
were stabilized with oxygen acceptors before refining (A. 
Nichterlein, Gem 2,001,013). The use of soda ash (B. H. 
Thurman,  U. S. 2,917,525) eontrolled amount  of alkali (Noblee 
& Thoerl G. m. b. H., Brit., 804,022) and aqueous solution of 
amnionia (B. Clayton, U. S. 2,939,790) for refining were pat- 
ented. 

Various soh'ents were used in the refining process. Neutrali- 
zation was made in a lipophilie and hydrophilie solvent (C. 
Vacearino and G. Vaccarino, Ital. a5o,94o). Ethanol was used 
as a selective solvent of refining (M. Ja.ky and J. Peredi, 7Fette, 
Seifen, ~o~d AT~strichmittel 61, 651). Refining was done in a 
solvent miscible in all proportions with both water and the oil 
(C. Vacearino and G. Vaeearino, U. S. 2,944,072). Solvent 
refining of oils and fa t s  was reviewed (A. D. Shitole, Bombay 
"rceh~wlogists 7, 51). 

Purification of fats was accomplished by the use of ion- 
exchange resins (A. O. G'omez and A. S. Cartaya, grassas y 
Aeeites 9, 296) and in miscella (W. Depner, Get. 1,015,560). 
Theories for the reactions which contribute to the overall losses 
in the proeessing of oils (M-. Xaudet,  Rev. fermentatio~g et 
i ,ds. climbed. 14, 5J) and for tim washing process (W. King  
rt al., d. Amer. Oil Chem. Soo. 37, 30) were reported. A new 
laboratory appara~u.~ fox" the refining of oils and fats  was 
described (G. I~. Martinenghi,  Olearia 13, 114). The proceed- 
lags of the Em-opean Conference on oils including degumming, 
refining, decoloration, and deodm'ization of oils were published 
(Spec. Number, Rec. Fra~w. Corp. Gras., 1959). Some recent 
developments in the refining of f a t ty  oils were reviewed (M. 
Mattikow, J. Amr OiL Chem. Soc. 37, 211). 

Refining of crude coconut oil was studied in a pressure system 
with a contimmus process (F. E. Sullivan, J. Amer. Oil Chem. 
Soc. 37, 195). l:tefining of olive oli was studied for the removal 
of parathion and its residues (3I. E. Alessandriai  and F. 
Palazzo, U. S. Z~,937,193). Refining of safllowerseed oil was 
studied for the best over all results (g .  V. A. Chari and B. S. 
Kulkarni ,  J. Proc. Tech. Assoc. l)~dia, KaJ~p~(r 13, Ft. 1-2, 1). 
Peanut  oil was neutralized wih a two-step process (3I. Naudet,  
el. al., Grasas y acei.tes 9, 292). The effect of the methods of 
degamnfing on neutral triglyeeride and phosphatide yields was 
studied (R. Carlotti, Rec. Fra~m. Corp. Gras., 6, 341). The re- 
fining of cottonseed for use in Vanaspat i  Manufacture  was re- 
ported (C. R. Das and S. .Kumar,  Papers S?]mposi~tm Cottonseed 
att(t By-product.% Hyderabad, I*Mia 1958, Sect. IV, 30; P. V. 
Krishna,  Bombay ]'echrwloqists 8, 67). 

BLF~OHINa. A highly viscous solution of an alkali metal  pyro- 
phosphate in hydrogen peroxide (K. Kiihn, Get. 1,0i~,014), and 
chromium trioxide plus sulfuric acid in the presence of foam 
destroyers (R. Schirmer et al., Ger. 1,007,918) were used for 
the bleaching of fa ts  and oils. Nigerian Pa lm oil of excellent 
bleachability can be obtained if  sufficient care is taken in its 
processing (G. R. Ames, et al., J. Sci. Food Agr. I1, 194). 
Gossypol can be removed front cottonseed oil by the use of 
a~tthranilie or some aromatic acid or amine to form oil insoluble 
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der iva t ives  (V. P.  I lzhekhin and  A. B. P e t u s h i n a ,  U. S. S. R. 
119, 642).  Color of  cot tonseed oil was improved  by the  use of 
h y d r o g e n  peroxide (F .  A. Norr is ,  U. S. 2,915,538). Crude tall 
oil was decolorized by h e a t i n g  with 0 . 3 ~  zinc chloride followed 
by dis t i l la t ion  (T.  W a i d a  and  i~[. Terauchi ,  Kog9o Kag~d;~t 
Zassh~, 62, 1734).  

Per iodic  clar if icat ion of bleached oily suspens ion  was accom- 
p l i shed  by a cen t r i fuga l  a p p a r a t u s  (W. B u d d e b e r g  and  H. V. 
Posern ,  Get. 1,007,919). A n  inverse  re la t ionsh ip  was denton 
s t r a f ed  be tween the a p p a r e n t  b~dk dens i ty  of  a b leaching  clay 
and  i ts  oil re ten t ion  (A. D. Rich, J. Amer. Oil Chem. Soc. 37, 
305).  

Dt~IODOgIZATION, WINTERIZATION-, AND FRACTIOX'A'PION ~. The en~ 
orgy consumpt ion  fo r  deodoriz ing oils in  a pilot p l a n t  was 
measu red  (P.  R. Ayerbes,  Grasas y Aeeites, 9, 318).  Acid f a t s  
were par t ia l ly  esterif ied and  the  res idual  unreac ted  acid~ were 
5 -10% s t eam dis t i l led wi thout  t r a n s f e r  to ano ther  a p p a r a t u s  
tO. Bert i ,  Ital. 559,292). The d i sagreeab le  odor of Neem oil 
was removed by hea t i ng  a t  200 ~ fo r  app rox i ma t e l y  ha l f  an  
hour  and  t hen  boi l ing  wi th  a lkal ine  po t a s s i um p e r m a n g a n a t e  
(O. P r a k h a s h  et al., J. Oil Technologists Assoc. I~dia., Kanpur  
13, P t .  1-2,  14) .  

Cot tonseed oil was winter ized by mix ing  the  oil with 15~;c or 
less of  a low molecular  we igh t  ketone, acetate ,  or ether,  r ap id ly  
chi l l ing the  solut ion to 28 - 39 ~ F., ho ld ing  a t  tha t  t e m p e r a t u r e  
r a n g e  fo r  not  more  t h a n  8 hours ,  and  finally s e p a r a t i n g  the  
crysta l l ized f ront  the  l iquid f r ac t ion  (L.  J .  Rubin,  U. S. 2,910,- 
3e3). 

F r a e t i o n a t i o n  of eoeonut  oil and  h y d r o g e n a t e d  coconut oil 
was accompl ished by molecular  f r ac t iona l  d is t i l la t ion  (N.  
N a u d e t  et al., Bull. Soc. Chim. France, J959, 718).  F r ac t i ons -  
l ion of dehyd ra t ed  cas tor  oil was s tud ied  wi th  i sopropyl  aleohol 
as the  solvent  (V. R. A m b e k a r  and  K.  K.  Dole, India~t J. Appl.  
Ch.em. 2i ,  193).  

HARDEXlXa. Ca ta lys t  for  h y d r o g e n a t i o n  was s tud ied  in var ious  
aspects .  P a t e n t s  on the  h y d r o g e n a t i o n  ca t a ly s t s  were reviewed 
(Shizuo Takumi ,  Yu]cagaka o ~ 262) .  F o r m u l a  for  e s t ima t ion  of 
ca t a lys t  ac t iv i ty  was repor ted  (I .  Kaganowicz ,  Prace Inst.  i 
Lab. Badawczych Przemystu Spozyweaego 8 (~) ,  33) .  The 
select ivi ty  in  the  h y d r o g e n a t i o n  of oleie-linoleic acid oils wi th  
commercia l  ltiekel ca t a ly s t s  was  s tud ied  (K.  Nielsen,  et al. J. 
Amer. Oil Chem. Soc. 37, 271).  The process on regenera t ion  of 
nickel a n 4  copper  f rom used ca ta lys t s  wa.s simplif ied by the use 
of hyd rogen  peroxide (A.  G. K o b l y a n s k i i  and  N. Kh .  K a m e n e v a ,  
Trudy Krasnodar. Inst .  Pish Chevoi Prom. 2956, No. 13, 3).  
S tud ies  on copper  nickel al loy ca ta lys t s  were reviewed (T.  
Takeuchi ,  Y~dcagaku 8, 231).  The  deve lopment  of the  theory  
of  ca ta ly t ic  h y d r o g e n a t i o n  (T.  Ke i i )  and  h a r d e n i n g  of f a t s  
and  oils wi th  meta l l ic  sod ium (M. F u k u s h i m a ,  Y~ka.galz~ 8, 
240) were also reviewed. A new process  for  t r e a t i n g  oils with  
hyd rogen  consis ts  of  the  fo l lowing s t eps :  n m v i n g  oil t h rough  a 
ca t a lys t  con t a in ing  filter into  a reac t ion  chamber  while dis- 
lodg ing  tile ca t a lys t  f r om the  fil ter;  i n t roduc ing  hyd rogen  unde r  
p re s su re  into the  reac t ion  chamber  t h rough  the  fil ter;  and  
finally re leas ing  the  p re s su re  of  the r eac t ing  gas  to move the 
finished p roduc t  back th rough  the filter (J .  E. Thompson ,  U. S. 
2,932,6"58). 

The ra te  of h y d r o g e n a t i o n  of free f a t t y  acid was compared  
wi th  t ha t  of  ester  (T.  Tsuehiya ,  Uylcagal~u. 9, 83).  The  hydro-  
gena t ion  of f a t s  a t  low t e m p e r a t u r e  was s tud ied  (B. N. 
T y n t y n n n i k o v  and  I. I .  Novi t skaya ,  Tr~idy Khai  Koc Politd,'a, 
Inst ,  in V. I. Lenin&, Ser Khim-Te~:hnol. I3 (~) ,  97) .  Mar ine  
oils were h y d r o g e n a t e d  wi th  pa l l ad i um ca t a lys t  (M. Zajcew, U. 
S. ~,948,7,~2). Cottonseed oil was h y d r o g e n a t e d  with nickel- 
copper  ca ta lys t  (A. L. M a r k m a n  and  A. A. Abdurakh inmv ,  
Uzbe?G Khim, Thur. Akad,  ~Vauk, Uzbek. U.S.S.t~., 1953, No. 4, 
45) .  Methy l  l inole~ate  was h y d r o g e n a t e d  a t  140 ~ C. wi th  0.5~,/r 
Nickel  ca t a lys t  and  the p roduc t s  f r ae t i ona t ed  and  charac ter ized  
(L.  :R. Seholfield, et al., J. Amer. Oil Chem. Soe. 37, 579).  

P a l l a d i u m  ca ta lys t  was used for  the  p r epa ra t i on  of s 'hortening 
s tocks  in the  l abora to ry  (M. Zajcew, J. Amer. Oil Chem. Soc. 
$7, 11) a n d  in  the  pilot  p l a n t  (M. Zajeew, J. Amcr. Oil Chem. 
Soc. 87, 130).  l~{ethyl oleate (E.  :R. Cousins and  R. O. Fence ,  
J. Amer. Oil Chem. Soe., 37, 435) a n d  cot tonseed  oil (L.  F.  
A l b r i g h t  et aL, J.  A~ncr. Oil Chem. Soc. 37, 315) were hydro-  
gena t ed  ir~ solvent .  

IXTEgESTEglVlCA'YI0g. Acid  chlorides were used as a m e a n s  of 
ob t a in ing  a reproducib le  and  p rede t e rmined  degree of inter-  
es ter i f ieat ion or glyeerolysis  of  f a t s  (K.  Taufe l ,  Fette, Setfe'n, 
and Anstrichmit tel  62, 591).  The  changes  in  drop po in t  of a f a t  
m ix tu r e  du r ing  a s iugte  phase  in te res te r i f ica t ion  are re la ted to 
the  ac t iv i ty  of the  ca ta lys t s  used  (H.  P .  K a u f m a n n  and  B. 
Grothues ,  Fette,  Seifen, and Anstrichmitte~ 62, 489). Cocom~t 
oil was  reac ted  wi th  eapr ie-eapryl ic  t r ig lyeer ide  in the  presence  

of  sod ium me thy l a t e  as  a ( .atalyst to produce excellent  mar -  
ga r ine  oils and  medic inal  oils (G. B a r s k y  and  V. K.  B a b a y a n ,  
U. S. 2,914,546). The interesterif icatim~ of f a t s  p romoted  the  
growth  of smal ler  erystal .  The  interester i f ied f a t  showed 
changed  erys ta l l iza t ion  hab i t s  as eoml)ared to the  or ig ina l  mix-  
ta res  (E.  Beeker,  Fette, Seif(,n, i~n(t A~st)'ichn~itteI 6I, 1040).  
Soybean  oil and  interester i f ied soybean  oil were ex t rac ted  a t  O ~ 
wi th  n i t romethane .  The  ex t rac t  phase  and  the  raff inate phase  
showed no difference in the  d i s t r ibu t ion  of linoleic and  l inolenic 
ac ids  (C. K i m u r a  et aI., Kopyo .Ka(da~:~t Zasshi, 62, 1381).  

PARTIAL ESTERS AND SPLITTING. H i g h  yields of  monoglycer-  
ides were ob ta ined  by cooling the  reac t ion  mix tu r e  r ap id ly  b y  
~;dding glycerol  at  the  end of the react ion and  dis t i l l ing glycerol 
off wi thout  add ing  heat  (G. E. Woods,  U. S. 2,905,540). Labora -  
tory  me thods  for the p r e p a r a t i o n  of monoglycer ides  f r o m  
mar ine  oils and  for  the p r e p a r a t i o n  of ace ty la ted  a lphx-mono-  
glycer ides  were described (E.  H. Gruger ,  .Jr., J .  A~r~e~'. Oil 
Chem. Soe. 37, 214).  The yield of monoglycer ide  was shown 
no t  to depend  upon  the f a t t y  acid composi t ion  os the oil bu t  
on the  solubi l i ty  of  the  glycerol  in oil (R. B. R. Choudhury ,  J .  
A'mer. Oil Chem. Soe. 37, 483). The equi l ibr ium cons t a n t  fav-  
o r ing  ester if lcat ion of p r ima ry  hydroxyl  over secondary  of glyc- 
erol is ca. 2.3 at  200 ~ C. "rod between 6 and  10 a t  room 
t e m p e r ,  ture.  Therefore ,  monoglycer ides  as cus tomar i ly  pre-  
pared  are not  a t  equi l ibr ium at  room t e m p e r a t u r e  and  unde rgo  
in t ramoleeu la r  mig ra t i on  of acyl g roup  f rom be ta  to a l p h a  
posi t ions  (I.  D. B r a n d n e r  and  R. L.  Birkmeier ,  9". A,~Der. Oil 
CL~,m. Soc. 37, 3911). The reac t ion  o f  g lyceryl  es ters  wi th  f a t t y  
acids  lms been demons t r a t ed  to f o rm  an  equi l ibr imn mix tu re  
con t a in ing  the  1, g-isomers as well ~as the  1, 3-isomers.  Th i s  
procedure  offers a method  of syn thes i z ing  s imple  or mixed  1, 
2-diglycerides (S. B. t ladlove,  et al., J. Amer. Oil Chem. Soe., 
37, 570).  An  uns tab le  fo rm of a solid po lymorph ie  f a t t y  mono- 
glyeer ide can be t r a n s f o r m e d  into the s table  po lymorph ie  f o rm  
by mechanica l  work ing  to b r i n g  about  a solid-solid t r ans i t i on  
(J .  O. Ba ld inus ,  ~/. S. 2,910,491). 

A glycol monoes te r  of  a f a t t y  acid was  p r epa red  b y  the  
reac t ion  of a earboxylic  acid and  an  a lkalene oxide in tile 
presence of  an  a m m o n i u m  hal ide  ca ta lys t  ( J .  D. Malkemus ,  
U. S. d,.910,4901. Alkoxyglycero les te rs  were isolated f rom nat -  
ura l  source l ip id-conta in ing  s t a r t e r  ma te r i a l s  and  f rom tr iglye-  
erides by sub j ec t i ng  the s t a r t i n g  ma te r i a l  to the  hydro ly t ic  
t r ig lyeer idc-spl i t t i t tg  ac t ion  of  a l ipolytie enzyme ine r t  to 
a lkoxyglycerolester~ (J .  K .  O. H. t t o l m b e r g  and  A. G. Sell- 
nmlb U. S. 2,YJG.l13). 

A water-in-oil  emuls ion obta ined  f rom sp l i t t i ng  of soapstoek 
was converted into an  oil- in-water emulsion which could be 
s epa ra t ed  in a cen t r i fuge  by expos ing  to rap id ly  ro t a t i ng  beat- 
ing  blades  (II .  Gates,  D~tch 90,0?8). 

YEGETABLE OILS AND AXISLXL PATS. The  process ing  of  rice- 
b r an  oil was reviewed (K.  M. K a m a t h ,  Bombay Technologists 9, 
12).  2 -Propanol  is the  most  sui table  solvent  for  the r ice-bran 
oil ex t rac t ion  (S. I. E1 Hinnawy ,  A ' i n  Shams Univ. Fac. Apr. 
B~dl. No. J, 36 pp., 1958). A process  for  the  ref ining of rice- 
b r an  oil was p a t e n t e d  (G. I3. Mar t inengh i ,  Ital. 554,502). Cur- 
r en t  p rob lems  in the  product ion  of olive oil were discussed 
(M. Th.  Francois ,  Bldl. Soc. Pharm. Nu~le9 88, 5).  The  pro- 
eeedings  of a s y m p o s i u m  on cot tonseed and  by-produc ts  were 
publ i shed  in 13 pape r s  (Papers Symposi~m Cottonseed and 
By-prod~wts, Hyderabad, India, 7958). Detoxif icat ion and  de- 
a l le rgeniza t ion  of cas tor  beans  were Mudied (H. K.  Gardner ,  
et ul., J. Amer.  Oil Chem. Soe. ,37, 142).  

An ima l  f a t - con t a in ing  p ro te ina reous  ~issuc was  ill, ely g round  
and  then hea ted  a t  reduced p ressu re  at a t e m p e r a t u r e  sufficient 
to mel t  a t  leas t  a por t ion  of the f a t  bu t  below the coagula t ion  
t empe ra tu r e  of  the protein.  The water  was  subs t an t i a l l y  re- 
moved as vapor  and  the  liquid f a t  eoahl  then  be easi ly s epa ra t ed  
f r o m  the solids in the  r e su l t an t  s lu r ry  (C. Greenfield, U. S. 
2,911,421). 

13Y-PNoDUCTS. Wax was recovered f rom the  was te  ma te r i a l  
l e f t  over a f t e r  s e p a r a t i n g  the fiber f ront  the  leaves of the  
ind ige lmus  p l an t s  of  the  Agave  fami ly ,  cmnmonly  known as 
sisal. Th i s  wax  could be used to replace c a r n a u b a  wax  (V. V. 
M h a s k a r  and  S. M. Shah,  Res. I7~d, New Delhi, ~f, 219).  A 
process for  recovery of  wool wax  was p a t e n t e d  (L.  F .  E v a n s  
et al., Get. 962,630). The  t r e a t m e n t  of  the  first aqueous  
vegetable  oil refinery waste  con ta in ing  a su spended  floe was 
improved  (P.  B rad fo rd ,  U. S. G925,383). 

A dry p i g m e n t a t i o n  a g e n t  was produced  by d ry ing  a soy- 
bean  oil soapstock (X.  l[ .  Wit tee  and  E. Sipos, U. S. 2,929,- 
715). Sebacic acid 2-octanol, nnd 2-octanone were produced by 
r eac t ing  ricinoleic stock with caust ic  alkali  in the  presence of 
sodium or po t a s s ium n i t r a t e  (Y. Bourgeois ,  U. S. ~,985,530). 
A process  for the  direct  p roduc t ion  of methy l  esters  of cotton- 
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seed, soybean, and corn oil directly from the respective acidu- 
lated soapstocks of these oils was described (K. M. Deeossas, 
et al., J. Amer. Oil Chem. Soe. 37, 574). t tydrogenated lecithin 
was prepared by hydrogenation with palladium or platinum 
catalyst in the presence of chlorinated solvent (1~. D. Cole, 
U. S. 2,907,777). 

lgutrition and Biochemistry 
~A~ DIGESTION AND ~-BSORPTION. The concurrent measure-  

ment of intestinal transport  and fat  absorption in the unan- 
esthesized rat has been described (Aberdeen and Sinunonds, 
Quart. J. Exptl .  Biol. d5, 265). A newer approach to the study 
of fa t  absorption involves the feeding to rats of a tracer aumunt 
of radioactive fa t  mixed with a stock ration to form a " m e a l "  
(Turner et al., Fed. Proc. 19, 876). In  vitro studies utilizing 
everted sacs of small intestine of the hamster indicate that  the 
site of absorption of f a t ty  acids is the upper portion of the 
small intestine (Johnson, Proc. Soc. Exptl .  Biol. Med. 100, 668; 
Nutr.  Rev. 13, 319) while results from the in vitro incubation 
of palmitie acid --C ~ or P~20~ with intestinal segments from 
hamsters indicate that  the phosphatidic acids are intermediates 
in the absorption of fa t ty  acids from the intestine (Johnston 
and Bearden, Arch. Biochem. 9G 57). Determinations of the 
radioactivity of g]yeeride-glyeerol and fa t ty  acids after the 
feeding of a synthetic glycerol and palmitie acid labeled tri- 
glyeeride indicate that only about half of the glyeeride is com- 
pletely hydrolyzed (luring digestion and absorption (Reiser 
et al., J. Lipid  l~es., 1, 241). 

Other studies of lipid absorption and transport have utilized 
~a-labeled fats. Thus, serum lipoprotein metabolism in man 
has been studied with I~-labeled triolein (Kruger, Am. J. 
Clin. Nutr.  8, 44), and the absorption of I~a-labeled fat  has 
been studied in the dog. (Michaelson, Am. J. Vet. Res. 21, 364). 
Analysis of a commercial sanlple of I~a-triolein revealed the 
presence of appreciable amounts of methyl esters, di- and 
monogIyeerides of oleie acid; when I~3~-triolein was fed to hu- 
mans, 90% of the radioactivity of the serum lipids was found 
in the triglyeeride fraction while the remainder was found in 
the diglyeeride and free fa t ty  acid fraction (Lakshminarayana, 
Arch. Biochem. Biophys. 88, 318). 

A third area of investigation in the study of lipid transport 
was focused on lipoproteins. The proportion of triglyeeride, 
phospholipid, and sterol esters and, in some cases, the fa t ty  
acid composition of these fractions were determined in a-lipo- 
proteins and two classes of fl-lipoproteins (Green et al., J. Biol. 
Chem. 235, 2884). The influence of dietary fats on blood lipids 
and llpoproteins was studied (Salamin et al., Nutr i t io  et Dicta 
2, 132), and it was also found that  in the rat, the type of 
dietary protein markedly altered the fractions of lipoprotelns 
(Erwin, Proe. Soe. Exp.  Biol. Med. 103, 396). The reeombining 
capacity towards lipids of the protein moiety of human serum 
a-lipoprotein was studied (Scanu and Hughes, J. Biol. Chem. 
235, 2876). The fa t ty  acid spectrum of chylomicrons of the 
serum and chyle of rats and from the serum of man following 
the digestion of different dietary oils was markedly similar to 
the fa t ty  acid spectrum of these oils (Bragdon and Karmen, 
J. Lipid Res. i ,  167). 

The role of mass cells in fat- transport  (Jenlfings et al., 
Quart. J. Exptl .  Physiol. 45, 298) and nutrition-endocrine inter- 
relationships in the control of fat  transport (Olson and Vester, 
Physiol. l~ev. 40, 677) have been reviewed. Di Luzio (J. Am. 
Oil Chem. Soe., 37, 163) reported that  both hepatic parenchymal 
and Kupffer cells participate in the, removal of chylomiera 
with the parenehymal cells having the biggest role; the Kupffer 
cells probably play a metabolic or excretory function in cho- 
lesterol metabolism. 

In  13nnph fistula rats, Swell et al. (Proc. Soc Exptl .  Biol. 
MecL 103, 263) found that  free cholesterol was absorbed to a 
greater extent than esterified cholesterol; also, the concept that 
preliminary hydrolysis is obligatory for absorption of choles- 
terol esters and that only free cholesterol can enter the in- 
testinal wall is supported. 

Y a t t y  Acid Oxidation and Utilization. Interrelationships 
between insulin and the metabolism of fa t ty  acids have been 
reviewed (Folley and Greenbaum, Brit.  Meal. Bull. 16, 228). 
The factors influencing the uptake and oxidation of fa t ty  acids 
by various tissues have also been investigated. Thus, Spitzer 
and 2r (Am. J. Physiol. 199, 876) studied hormonal 
effects on the uptake of free fa t ty  acids by the l i ter ;  Issekutz 
and Spitzer (Proc. Soc. Exp. Biol. Med. 105, 21) studied the 
uptake of free fa t ty  acids by skeletal muscle during stimu- 
lation, and Fritz and Kaplan (Am. J. Physiol. 193, 39) studied 
the effect of glucose on fa t ty  acid oxidation in diaphragm of 
normal, alloxan-diabetic and starved rats. Michajlik and Brag- 

don (J. Lipid  l~es. J, 164) suggest that  heparin causes an 
obligatory oxidation of fat, presumably through the release 
of free fa t ty  acid from triglyceride. 

Fat ty  Acid Synthesis. Further studies on the meehalfism of 
fa t ty  acid synthesis indicate that  malonyl CoA can serve as a 
starting point for the synthesis of long chain fa t ty  acids in 
animal tis~sues and that  the rate of formation of malonyl CoA 
from aeetyl CoA appears to be the rate limiting step in fa t ty  
acid synthesis from aeetyl CoA (Ganguly, Biochem. et Biophys. 
Acta 40, 110). Observations on the inhibition of fa t ty  acid 
synthesis in a purified enzyme system by avidin and the pre- 
vention of this inhibition by the addition of free biotin, indi- 
eates that a biotin-containing enzyme participates directly in 
fa t ty  acid biosynthesis (Wakil and Gibson, Biochem. et Bio- 
phys. Acta  41, 122). 

In the synthesis of fa t ty  acid in liver homogenates of normal 
and diabetic rats, growth factor requirements have been com- 
pared (Abraham et al., J. Biol. Chem. 235, 2551), and the 
effects of the addition of mierosomes and oxidation of sub- 
strafes have been studied (Mattes et at., J. Biol. Chem. 235, 
2560). 

Fat ty  acid synthesis has also been studied in brain (Brady, 
J. Biol. Chem. 235, 3099). 

The i7~ viro eonversion of glueose to fa t ty  acids in mice 
(Paunier and Favarger, Heir. Chem. de ta  43, 118) and the 
conversion of propionate to diearboxylic acids (Favarger and 
Gerlaek, Hch'. Physioh ct Pharmaeol. Acta 18, 328) have been 
reported. 

Poly~otsaturatcd Fat ty  Acids. Factors influencing the re- 
quirement for polyunsaturated fat ty acids (Holumn, Am. J. 
Clin. Xutr .  8, 403) as well as the metabolism of the polyun- 
saturated fa t ty  acids, including their intereonversions, have 
recently been reviewed (Mead, Am. J. Clin.. Xutr.  8, 55). 

Dietary cholesterol has a profound effect on essential fa t ty  
acid defieieney. Thus, the inclusion of cholesterol in a fat-free 
diet accelerates the appearance of essential fa t ty  acid defi~ 
eieney in rats as .judged by lowered food efficiency, lower 
weight gain, retarded testieular development and the polyun- 
saturated acid pattern of heart lipids (Holman and Petter ,  
J. Xutr .  70, 411; X~ttr. Rcv. 18, 345). Both cholesterol and 
sodium glycocholate accelerate the appearance of E~Ld_-defi- 
ciency symptoms in rats, while cholic acid depresses growth 
alone; cholesterol, fed with either supplement, induces a marked 
elevation of liver lipids (Oambal and Quaekenbush, J. Nutr.  
70, 497). 

The interrelationships between nonessential and the essential 
fa t ty  acids have also been extensively investigated. Thus, it 
has been found that high ratios of saturated fats may promote 
essential fa t ty  acid deficiency symptoms (Petter  al~d Hohn~m, 
J. Xutr .  68, 155; Nutr.  Rev. 18, 56); studies of the effect of 
increasing dietary levels of partly or completely hydrogenated 
coconut oil, fed alone or with cottonseed oil, on the growth and 
tissue pathology of rats, support file view that  the biological 
action of hardened fats can he explained by the assumption 
that  saturated fats containing long-chain fa t ty  acids increase 
the requirement for essential fa t ty  acids more than do unsatu- 
rated or medium chain acids (Funch et al., Brit.  J. N~ttr. 1~, 
171). In  accord with this view, triglycerides of medium chain 
fa t ty  acids lower tile essential fa t ty  acid requireulent of rats 
as compared to triglyeerides of long-chain fa t ty  acids (Kamfitz 
et al., J. Xutr .  41, 400). 

An attempt was nlade to settle the controversy about tile 
activity of the tra~ts fat ty acids, which had been reported by 
some investigators, but 1lot 1)y othors, to act as antagonists 
of the essential fa t ty  acids. I t  was found that of the acids 
tested only eis, cis-linoleate had essential fa t ty  acid activity in 
the male rat, and that  the other acids tested (cis, tram~- and 
trans, trans-linoleate, oleate, and elaidate) neither exhibited 
essential fa t ty  acid activity, nor did they interfere with the 
utilization of cis, cis-linoleate (Mattson, J. N~tr.  7I, 366). 
Raulin (Ann. 2Vutr. et Aliment. 14, 201) also investigated the 
nutritive value of ]iplds in relation to the stereoehemieal con- 
figuration of the fa t ty  acids. 

A possible mechanism of action of the essential fa t ty  acids 
may be indicated by the swelling of liver mitoebondria ob- 
served in rats  fed diets deficient in essential fat ty acids 
(Iiayashida and Portman, Proc. Soe. Exptl .  Med. I03, 656). 

Dietary Fat  and TissTte Lipids. The relationship between 
dietary unsaturated fa t ty  acids and plasma lipids has been 
reviewed (Kummerow et at., Am. J. Clin. Nut .  8, 62); recent 
emphasis in this area has been of more comprehensive investi- 
gation into the composition of serum lipids as influenced by 
dietary fat.  Thus, studies have been made of the fa t ty  acids 
of human blood (Patil  and Magar, Biochem. J. ?~, 427), the 
effects of dietary intake of fat  and age on the polyunsaturated 
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f a t t y  acids  of  h u m a n  se rum (Pa t i l  and  M aga r ,  Biochem. J. 76, 
417) ,  the  effect  of  p o l y u n s a t u r a t e d  f a t  in take  on the  s e rum 
l ipids of  aged  sub jec t s  (Nikki la  and  Jokipi i ,  Aeta Med. Scan& 
166, 269) and  of the  f a t t y  acid spec t rum of the  l ipid f r ac t ions  
of h u m a n  blood (Schrade  et al., Fet te  u. Seifen,  Anstr iehmit te l  
62, 673) .  The levels of  the  f ree  f a t t y  acids  of blood in fe ta l  
and  neo-nata l  l i fe were a/so compared  ( V a n  Duyne,  Proc.  Soc. 
Exp.  Biol. l i ed .  102, 599).  

Rela ted  inves t iga t ions  have been carr ied  out  in exper imenta l  
an imals .  Thus ,  Pa t i l  and  M a g a r  (Bioehem. J. 74, 441) s tudied  
the  effect  of  d ie t a ry  f a t  and  cholesterol on the po l yunsa t u r a t ed  
f a t t y  acids of  var ious  l ipid f r ac t ions  of r a t  liver, while H o h n e r  
et al. (Bri t .  J .  Nutr .  14, 247) i nves t iga t ed  the  effects  of  hydro-  
gena t ed  and  u n h y d r o g e n a t e d  peanu t  oil on p o l y u n s a t u r a t e d  
f a t t y  acid levels of  blood, hear t ,  and  liver of  chicks. 

Nutr i t ive  Value of  Fats .  Cur ren t  concepts  of  pa ren te ra l  f a t  
nu t r i t i on  (Chicago Mud. Sch. Quart. 20, 49) and  the  role o f  
f a t s  in  h u m a n  nut.r i t ion ( K u m m e r o w ,  J. Am.  Oil Chem. Soc. 37, 
503) have recent ly  been reviewed. The  common edible f a t s  
exhibi t  l i t t le difference in nu t r i t ive  value in p r ema t u re l y  weaned  
an imals  (C ramp ton  et al., J .  Nutr .  70, 81; Nutr .  Rev. 18, 251) ,  
however  s t r a in  dif ferences  do appear  in some of the cr i te r ia  
used  to access the  nu t r i t ive  value of fa t s .  Thus ,  the eoeficients 
of  d iges t ib i l i ty  were lower for  rapeseed oil t han  for  corn oil 
in Sprague-Dawley ,  bu t  not  in W i s t a r ,  r a t s ;  bu t  there  was no 
s igni t leant  effect, of  straits or type  of oil on the  liver s to rage  
of v i t amin  A (Beare  et al., Can. J. Physiol.  38, 197). I n  con- 
f i rmat ion  of this ,  i t  was found  tha t  corn oil, olive oil and  rape- 
seed oil h a d  no influence on the  ra te  a t  which liver stores of  
v i t amin  A were depleted over a 2qnonth  period ( M u r r a y  et al. 
Can. J.  Physiol.  88, 663).  

Nutr i t ive  Value of  Heated a~d O.~'idized OiLs. Changes  in the  
physical  proper t ies  of  oils induced by ag ing ,  oxidat ion,  poly- 
mer izat ion,  and  oxida t ion-polymer iza t ion  have been reviewed 
(Ludde ,  Fet te  u. Sullen, Anstr iehmit te l  61, 1156).  Mm'e recent  
deve lopments  in  th is  a rea  include the appl ica t ion  of in f ra red  
spee t ropho tomet ry  for  the  s tudy  of au tox ida t ive  changes  in 
syn the t i c  t r ig lyeer ide  ( K a u f m a n n  and  Thomas ,  Fet te  u. Sullen, 
Ans tr ichmi t te l  62, 315) s tud ies  of  the  influence of the  water  
of  dr ied foods  on the oxida t ion  of oils (Bito and  Yamamoto ,  
Yuka,qaku 9, 41, abs. in J. Am.  Oil Chemists '  Sou. 37, 493) 
and  s tud ies  of  hea t  t r a n s f e r  in hot  f a t  cooking (Smith ,  Food 
Tech. i4 ,  84) .  

Var ious  s tudies  on the nu t r i t i ve  values  of  heated  and  oxi- 
dized oils have  also been carr ied out. Commercial  deep-fa t  
f r y i n g  as con t r a s t ed  to l abo ra to ry -hea t ing  does not  imp:dr  
the  nu t r i t iona l  value  of a m a j o r i t y  of  f a t s  as de te rmined  1)y 
m e a s u r e m e n t  of  biological ly-avai lable  energy of the f a t s  fed 
as well as  of  the  l iver weights  of  ra t s  (Pol ing ,  J.  Nutr i t ion 7d, 
109).  Other  s tud ies  have  also beess carr ied out  on the  nutr i -  
t ional  a n d  physiological  p roper t i es  of hea t - t r ea ted  oils (Wur -  
ziger and  Os te r t ag ,  Fet te  u. Seife~t, Anstr ichmit te l  62, 895 and  
E s h  et al., Ann.  Bioch. and Expt l .  Mud. 20, 41 (Ca lcu t t a ) .  5fat-  
sui  (ci ted in abs.,  J.  Am.  Oil Chem. Soc. 37, 495) s tud ied  
the  toxic i ty  of  heat .-polymerized oil, while Krond l  et al. (Deut.  
Z ,  Verd~aurings -u. Stoffwcchselkra'M~h '20, 47,) s tud ied  the 
emuls i f ica t ion and  hydro lys i s  of  f resh  and  hea t ed  f a t s  in vitro. 

The toxic i ty  of  alr-oxidized soybean  oil paral le ls  the  peroxide 
content  of  the  oil;  the  inh ib i t ion  of in tes t ina l  xan t h i ne  oxidase 
by  th i s  oil and  the  reversal  of  this  inh ib i t ion  by exogenous  
f lavin aden ine  dinueleot ide s u g g e s t s  tha t  the  toxici ty  of  the  
l ipid peroxides  m a y  be a t  the  level of the in tes t ina l  enzymes  
(Andrews  et al., J. Nutr .  70, 199).  

The  add i t ion  of f resh  cot tonseed oil to diets  con ta in ing  
au tox id ized  cot tonseed  oil ha s  a beneficial effect  ( K a u n i t z  
et al., J. Nu t r .  70, 521).  I n  an  a t t e m p t  to de termine  the  eom- 
p m m n t s  in autoxidized  f a t s  tha t  exert  the  toxic effects, f rac-  
t ions  of  oxidized oleate and  l inoleate were fed  to wean l ing  r a t s ;  
while the  u r e a - a d d u e t - f o r m i n g  f r ac t ion  of oleate was atoxie,  
i t  p roduced  marked  diuresis  and  reduced se rum and  liver cho- 
lesterol  levels as  compared  to la rd  ( K a u n i t z  et al., Metabolism 
9, 59) .  K a u n i t z  ( Exp.  Mud. S~trg. 18. 56) has  also d iscussed 
the  biological  effects of  ranc id  f a t s  and  thei r  f rac t ious .  

I r r a d i a t e d  soybean  and  corn oils have  the  same nu t r i t i ve  
value in chicks as the  u n i r r a d i a t e d  oils; s to rage  did not  de- 
crease the  nu t r i t ive  value  of  these  oils. I-Iowever, i r r ad ia t ion  
of beef  f a t  resu l t s  in  a lower nu t r i t ive  value. Studies  with 
v i t amin  supp l emen t s  indica te  t h a t  in pork mos t  of  the  v i t amin  
A and  some of the  v i t a m i n  D were lost on s to rage  of the  i rradi-  
a ted  f a t  (Ri tchey  and  Richardson,  Poultry Sci. 39, 404).  

Cholesterol Metabolism 
CI~OLE.STEI~OLGENESIS AND LIPOGENESIS. A s tudy  of the effect 

of  diet  on incorpora t ion  of ace ta te - l -C tt into cholesterol by 

ra t  liver slices revealed tha t  s imple t r a n s f e r  f rom a commercia l  
chow diet to a senl i -synthet ie  diet decreased incorpora t ion  
especial ly when  the synthet ic  diet ( .ontained oleie acid or olive 
oil (Carroll ,  Can. J. Bioehem. Physiol. 88, 649).  Kr i t c h ev sk y  
also s tudied  syn thes i s  as well qs deg rada t ion  of cholesterol  an d  
found t ha t  l iver f a t  f rom ra ts  fed  ei ther  an  u n s a t u r a t e d  f a t  
diet or a diet  con ta in ing  hyd rogena t ed  shor t en ing  when added 
to normal  l iver mi toehondr ia l  p r epa ra t i ons  inhib i ted  oxidat ion  
of cholesterol  26-C ~* (Am.  J. Clb~. Nut.  8, 53, 4 1 l ) .  Inh ib i t i on  
of cholesterol  b iosyn thes i s  was obta ined  by ex t rac t s  of l iver 
n l i tochondr ia  d i s rup ted  with sonic osci l lat ions f rom norma l  or 
s t a rved  r a t s ;  the inhibi t ion  appears  to be between aee toaee ta te  
and  meva lona te  (Migicovsky,  Cas~. J. Bioehem. Physiol. 38, 
339).  

An organic  eompound,  benzmalecane  IN- ( I -methy l -2 ,  3-di-p- 
chlorol~henylpropyl)-maleamic acid] was shown to inhibi t  the  
ia vitro incorpora t ion  of 2 C"-mevalonie  acid into cholesterol  
by ra t  l iver homogena te s  (Huf f  and  Gilfillan, Proe. Sou. Expt l .  
Biol. l ied .  103, 41) .  When  this  compound was given to hyper-  
l ipemic and  normal ipemie  subjec ts ,  se rum cholesterol  was de- 
creased bu t  serum neu t ra l  f a t  w:~s elevated.  I t  is pos tu la ted  
thM these changes  were caused by the  diversion of ace ta te  or 
ace toaee ta te  f rom cholesterol syn thes i s  to t r ig iycer idc  fo rma-  
tion (Sachs  et al., Metabolism 9, 783).  

Invest igat ioI ls  on the  effect of  nicotinic acid on sterol syn- 
thes is  has  yielded cont rad ic tory  reports .  W h e r e a s  H a r d y  et al. 
(,1. Nutr i t ion 21, 159) repor ted  an increased incorpora t ion  of  
ace ta te  into s t e r o l s - - a n d  a decreased incorpora t ion  of ace ta te  
intu f a t t y  a c i d s - - i n  l iver slices of ra ts  and  chicks f ed  nicotinic 
acid and  re la ted compounds  ( isonieot inie  acid and  nieot ina-  
mide) ,  Duncan  and  Bes t  (J.  Lipid Res. 1, 159) f o u n d  no effect 
of  the  addi t ion  of 19~ nicotinic acid on the incorpora t ion  of 
ace ta te  - I - C  '~ into sermu aml liver cholesterol by the in tac t  
animal .  Nor  did nicotinic acid affect  serum,  liver or total  
carcass  cholesterol  or the  absorp t ion  and  d i sappea rance  f rom 
se rum as~d lives' of  labeled cholesterol.  However,  Kr i t ch ev sk y  
et aL (d. Lipid Rex. 1, 154) f ound  tha t  nicot inic acid added  to 
normal  rat  lives' mi tochondr ia  enhanced  the oxidat ion  of cho- 
lesterol --26-f? ~, a l though  in confi rmat ion of Duncan and  Best ,  
no effects on serum level cholesterols in ra t s  could be observed. 

On the other  hand ,  Gaylor  et al. (y.  Nutri t ion 70, 293) 
f ound  tha t  h igh  levels of nicet inie acid, comparable  to those 
used in h u m a n  the rapy ,  and  i ts  der ivat ives  yielded cons is ten t  
lowering of hlood cholesterol in both the  ra t  and  the  chick. 

Pyr idox ine  deficiency enhances  the  in vivo incorpora t ion  of 
labeled ace ta te  into liver cholesterol  in ra t s  (Shah  et al., J .  Nu- 
triti(m ?2. 81) .  The inject ion of pyr idoxine  hydrochlor ide  
reverses  this  enhanced  synthes is .  Lipotropie  agen t s  such as 
choline chloride, nmthionine,  or v i t amin  B~, did not  s ignif icant ly  
influence the net  b iosyn thes i s  of cholesterol in ra t s  (Mooker jea  
and  Lueas ,  Can. J.  Bioehem.. Phy.~iol. 38, 757) a l though  they 
did affect  the  d i s t r ibu t ion  of cholesterol.  Hepa t i c  l ipogenesis  
and  eholes terogenesis  seem to be related to t ime a f t e r  admin-  
i s t e r ing  cer ta in  fa t s .  A f t e r  corn oil and  lard were fed  to ra ts ,  
a p ronounced  decrease in the capac i ty  of the  liver to convert  
aceta te  to f a t t y  acids  was ol>served as earl?" as one hour  there- 
a f t e r ;  however,  the  increase in the capaci ty  of  the  liver to 
incorpora te  ace ta te  into cholesterol  developed slowly, the  ear- 
l iest  change  was  observed a f t e r  12 hours  (Hil l  et al., J. L ip id  
Rex. 1, 150).  

Cholesterol Turnover and De qradatio~. Absorp t ion  of cho- 
lesterol  4-C '* recovered in thoracic duet  lymph revealed a de- 
pendence on the  ca rbohydra t e  in the  d i e t - - suc rose  f ed  an imals  
absorbed  approx ima te ly  ~../~, less of  the  isotope t h a n  an imals  
fed a 40@ lae tose-eouta in ing  diet (Wel ls  et al., J .  Nutr i t ion 71, 
405).  Coprostanol  in apprec iable  a u m u n t s  was f o u n d  in the  
ceemn and  in the  th i rd  and  fou r th  qua r t e r s  of  the  small  in- 
t e s t ine ;  smal ler  a m o u n t s  were found  in the  first ha l f  of  the  
smal l  in tes t ine .  I n  r a t s  fed  eerehroside p repa ra t i ons  and  f a t t y  
aeid es ters  ob ta ined  a f t e r  hydro lys i s  of  cerebrosides,  a m a r k e d  
increase  in sterol  excret ion was observed wi th  cholesterol  as the  
ma in  chromogenie  sterol  in th feces (Carroll ,  d. Lip id  Res. 1, 
171).  Cholesterol  tu rnover  s tud ied  in nornml,  a t]oxan-diabet ic ,  
and  pane rea tee tmnized  an imals  revealed a decreased ra te  of  
cholesterol  tu rnover  in liver of d iabet ic  ra ts .  The  au tho r s  
( W o n g  and  V a n  B r u g g e n ,  J.  Biol. Chem. 285, 30) ,  concluded 
t ha t  there  m a y  be a defec t  in the  m e c h a n i s m  of cholesterol  de- 
g r a d a t i o n  in the  diabet ic  an imals .  The f o r m a t i o n  of  acetone 
and  aee toaee ta te  f r o m  cholesterol by  ra t  and  mouse  liver mito- 
ehondr ia  was repor ted  by Whi t ehouse  et al. (Bioehem, and 
Biophys.  Acre  37, 382).  

Sersa~ Cholesterol. Kr i t ehevsky  (Am.  J. Clin. Nut .  8, 72) has  
reviewed the  func t ions  of se rum cholesterol.  The  inges t i on  of 
clmlesterol-rleh diets,  in which the  cholesterol  was labeled wi th  
C" cholesterol,  by  hea l thy  adu l t s  led to the  p r e sumpt io n  t h a t  



AUGUST, 1961 L r r e ~ , T V a ~  REVIEW: CttOLESTEItOL METABOLISM 441 

�9 a/i of the sermn cholesterol was derived front cholesterol syn- 
thesis in extrahepatie tissues (Taylor et al., Proc. Soc. Exp.  
Biol. Med. 103, 768). The addition of eholes{erol supplements 
to a bu t t e r fa t  fraction ration given to University students 
caused a sharp increase in serum cholesterol when the intake 
was between 18 and 634 rag. cholesterol/day. No further  sig- 
ht/leant increases were obtained at  daily intakes of la00 to 
4500 rag. cholesterol (Beveridge et al. J. Nut .  71, 61). 

Further  a t tempts  have been made to understand changes in 
cholesterol content result ing from a variety of dietary constit- 
uents. Thus Turpeinen et al. (Lancet  I ,  196) hare  reported a 
reduction in serum cholesterol levels in Fimfish ,nental pat ients  
when the bu t te r fa t  in their diet was replaced by an emulsified 
soya bean oil and an unsatura ted margarine.  I t  is hoped to 
relate this serum cholesterol reduction with f requent -  of coro- 
nary artery disease and other atherosclerotie manifestat ions.  
Funeh et al. (Bri t .  J. Nu.trition 14, 11 reported tha t  butter diet 
consistently caused significantly higher blood cholesterol levels 
than did diets with margar ine  containing large amounts of 
hydrogenated whale oil and suggests  that  the difference in 
chain length of the f a t ty  acids present  in these products may 
be part ly responsible for the differences in effect of the two 
kinds of fa t  on sermn cholesterol levels. The observation that 
frequent taking of blood samples results in a highly significant 
increase in plasma cholesterol in rats fed rations containing fa t  
(Coleman and Beveridge, J. Nutr i t ion  7~, 303) may explain 
some of the divergent results which have appeared in the past. 

In  studies with rabbits given diets containing fat  with 20, 
39, 60 and 80% saturated fa t ty  acids, the regimen containing 
20% saturated fa t ty  acids yielded the highest weight gain, and 
the concentration of liver cholesterol varied inverseb" with the 
saturat ion of the f a t  (Beare ct al., J. N~tr~tion 73, 17). Heg- 
sted et al. (J .  Nutr i t ion  70, 119) in studies with cholesterol- 
fed chicks found tha t  serum cholesterol levels were raised by 
feeding saturated fa t ty  acids and lowered by polyunsaturated 
f a t ty  acids. In  hypereholesterolemic rats, the effect of feeding 
highly unsatura ted fa t ty  acids, or precursors of such polyeuoic 
acids was a marked and rapid depression of plasma cholesterol 
accompanied by an accumulation of the higher polyenoic fa t ty  
acids in heart  lipids and in liver phospholipides (Peifer ct al., 
Arch. Biochem. Biophys.  o~ 302). Similarly, linoleie ester was 
shown to lower markedly the plaslna cholesterol of hypereholes- 
teremie cholesterol-fed rats  and also the liver cholesterol, pro- 
vided tha t  the f a t  content of the diet was low ( 2 ~ )  (Quaeken- 
bush et al., J .  N~tr i t ion 72, 1961. Korenyi and Jaky reported 
on the ability of sunflower oil to decrease blood serum lipids 
(Nahrun 9 4, 225). Klein (A~ .  J. Clin. N , t .  8, 104) has re- 
viewed the relation betwee~ polyunsaturated fat ty  acids and 
plasma cholesterol. Riley and t tumor  (Bioche~.  J. 74, 56) 
have also discussed the relation between dietary fat ty  acids and 
plasma cholesterol f a t ty  acids. Cholesterol ester fa t ty  acids in 
serum and liver of normal and lymph-fistula rats have been 
described by Swell et al. (J.  Biol. Chem. 235, 1960). 

The administrat ion of safflower oil to hypereholesterolemie 
men lowered the plasma cholesterol level of half  of the 8 pat ients  
tested but  increased the iodine value of the plasma cholesterol 
ester fa t ty  acids in all cases (Alfin-Slater a~td Jordan,  Am. J. 
Clin. Nut .  8, 325). Safflower oil supplementatimt increased the 
linoleie acid content of plasma cholesterol esters while the per- 
eentages of total and free plasma cholesterol decreased (Okey 
et al., Metabolism 9, 791), A formula type feeding, using one 
half  of the usual quant i ty  of safflower oil and safflower-coconut 
oil mixtm'es, administered to 10 hypereholesterolemie pat ients  
yielded reductions in serum cholesterol levels (1).~vis et at., Am.  
J .  Cli~. Nut .  8, 808). 

Fish Oils and Serwm Cholesterol. The effect of fish oils, which 
contain fa t ty  acids with 4, 5 and 6 double bonds, in depressing 
blood cholesterol levels is largely a function of their total 
unsaturat ion rather than  the presence of linoleic acid in the fish 
oils (Stansby,  U. S. Fish Wildl i fe  Sere., Tech. Leaflet 28). 
However, although lingeod liver oil and halibut liver oil pre- 
vented the hypereholesterolemie effect of supplementary choles- 
terol, crude herr ing oil increased the hypereholesterolemia. No 
clear explanation could be given but  tha t  there seems to be a 
differenee in the effects on serum cholesterol of liver oils from 
teleostei fish and f rmn selaehii fish (Wood and Biely, Cam J. 
Biochem. Physiol.  38, 19). When lingeod liver oil unsaponifiable 
material  was fraetionated, it  was found tha t  the fraction con- 
ta in ing u  A prevented the hyperebolesterolemia (Wood, 
Can. J. Biochem. Physiol.  38, 879). A h.~'pocholesterolemie 
faetor in a sterol mixture obtained from the butter  clam (Su.ri- 
dumas gigantetts) may be 24-methyleneeholesterol (Iteiner et al., 
Can. J. B.ioche~m Physiol.  38, 1499). Saturated and unsaturated 
fa t ty  acid fractious from vegetable and fish oils were investi- 
gated for their anti-eholesterolemie properties using a 3 day 

fas t ing  method oi1 rabbits  (Sokoloff et a t ,  J.  Gerontol. i5,  19). 
The effect of marine products oll blood cholesterol levels in man  
has been revived by Wood (J. Fish Res. Bed. Con. I7, 903). 

Proteins and Sertr Cholesterol. I n  studies on 12 young 
women, af ter  two weeks the serum cholesterol levels of subjects 
receiving a vegetable Droteiu diet were signifie,qntty lower than 
those after  eating an animal protein diet (WMker et al., J. 
N~drition 72, 317). In rats, seruin cholesterol levels were found 
to increase between 2.q aml 41 weeks and to decrease between 
weeks 41 and 50 regardless of diet. Serum cholesterol levels 
increased slightly with increasing levels of casein in the diet 
when increased lewds cf fat were fed (Lushbough, J.  Anl. Oil 
Chemists '  Sue. 37, 98). The feeding of a low protein diet to 
ehieks resulted in an el,.wated plasma cholesterol level and de- 
creased total serum protein and serum albumin levels. Chicks 
fed coconut oil had higher plasma cholesteroI levels than those 
receiving similar diets supplemented with corn oil (Leveille 
et at., Arch. Bioeh~m. Bioph#s. 86, 671. The sulfur amino aeids, 
eystine, cysteine and methioniue, lowered serum cholesterol in 
hypereholesterolemie rats. It is suggested tha t  the serum 
cholesterol-lowering effeet of protein supplements is due largely 
to the S-containing amino aeid content (Seidel et ah, J. Lipid 
]des. 1,474).  The pam.reas may be involved iu the reduetim~ of 
fecal cholesterol hy dietary protein (Fragola and Magee, Am. 
J. Physiol. 198, 354/. The effect of protein and other nutr ients  
on the cholesterol level of blood has been reviewed by De Grout 
(Voedb~g 2I, 374). 

Carbohydr~tes amt Cholesterol Levels. Sucrose "tad milk sugar 
tend to produce higher serum cholesterol values than equal 
calories of carbohydrates contained in fruits,  leafy vegetables 
and legmnes (Keys  et ah, .1 . .V , t r i t io~ ?0, 257). Starch in the 
diet led to higher levels of liver fa t  and cholesterol than  sucrose 
or dextrose; sucrose lowered liver cholesterol (Guggenheim et. 
(d., J. .\ '~tritio~ 72, 93). I)ailey (Am. J.  Clin. N~t .  8, 34) 
reported that whereas "l high lipid diet shortened blood coagula- 
tion time, an isoealorie carbohydrate diet produced no change. 

A theroseleratie Le.~iom~. The composition of the cholesterol 
ester fa t ty  acids of the media of human aorta and of serum 
was very similar and contained chiefly linoleie acid, whereas the 
major fa t ty  acid of atherosclerotie plaques and of liver was 
oleie acid (Swell et al., Proe. Sue. Expt l .  Biol. _tied. 103, 651). 
A butter diet fed to rabbits induced hypereholesteroleinia, 
byper-'d-lipof, roteil~emia and marked develepment of atheroma- 
tous lesiol~s as contrasted to animals fed margarines or arachis 
oil (Funeh c ta l . ,  Brit. J. ~V~(tritioa J4, 355). Hear t  valve-aorta 
sndanophilia cnn be reduced iu the' rat hy feeding high dietary 
magnesium aml/or  thyroxine (Nakanmra et ah, J. A'r 71, 
347). t t igh dietary magnesium aDpeared to be "anti-m~dano- 
ph i l i e "  only when the serum cholesterol was elevated (Heller- 
stein et al., J. N,tritio;~ 71, 339). 

A ninhydrin positive, lipid bom~d factor, chromatographically 
identified as glutamie acid, has been found in an extract of 
human plasma a- and fl-lipoproteins. This factor is deficient 
in phlsma of the aging ;rod in the arteriosclerotic subject  
(Hamilton and Pilgeram, Proe. Sue. Expt l .  Biol. Med. 103, 
.574). A review concerned with the relst imlship of lipids to 
atheroselerosis has been prepared by Hohnan (Am.  J. Clin. 
N M .  8, 9.5). ~[iehaels et al. (Am.  J. CIOI. X~tt. 8, 38) have re- 
ported elevations in a "freel)" extractable lipid ~' fraction in 
blood of hyperlipemic and some atheroselerotic patients.  

Food Rcst;'ietio~, Obe.sily. In rats on restricted food, total 
liver lipids and cholesterol were disproportionately decreased 
espeei'dly in older animals fed cholesterol; sermn lipids and 
cholesterol were not greatly lowered (Okey et ah, J. Am.  Diet. 
Assoc. ;]6, 4411. tlowever, iu medical students,  no significant 
correlation was found between the serum cholesterol level and 
weight, weight corrected for frame size, or thickness of the fa t  
shadow (Thomas and Garn, Seielwe 131, 42). 

Age. Since the possibility exists that. atheroselerosis may 
have its genesis in infancy, studies on eholesterul levels in 
infants ,  either breast-fed or fed whole cows milk, evaporated 
milk and water, or fornmlas with soybean oil or with corn oil 
as the chief source of f a t  have been conducted (Foman and 
Bartels, A. M. A. J.  Dis. Child. 99, 27). In  another study, serum 
a-lipoprotein was measured in infants  on various dietary regi- 
mens, with the pat terns  the same for all g roups - -a  slight, in- 
crease initially and then an abnost constant level (Lindquist  
and Mahnerana,  A. M. .4. J. Dis. Child. 99, 39). However, 
Pomerfn~ze fontal that  serum cholesterol levels of infants  fed 
an evaporated milk formula were higher than those in in fan t s  
fed a prepared milk formula containing a higher level of un- 
saturated fa t ty  acids (Am.  J. Clin. X ~ t  8, 340). Chil'~ren (6- 
10 ?'ears old) of both  Negro and white races had significantly 
lower total blood cholesterol level than older individuals. Also, 
children had significantly less oleie acid and signifi,-antly more 
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linoleic acid in their sermn cholesterol ester fa t ty  acid fractions 
than did older subjects (Swell et al., Proe. Soc. ExptL Biol. 
Meal. 105, 129). On the other hand, Chow (Am. J. Clin. N'ut. 8, 
321) found no decrease in plasma cholesterol after admilfistra- 
lion of VitmrLin B,~ to elderly people; when B~o_ and sorbito~ 
(which enhances :Ba_~ absorption) was given, plasma eholestero! 
was decreased. 

t~ormones. Chickens fed a high cholesterol di~t and chickens 
injected with diethyl-stilbestrol exhibited a similar rise in blood 
serum phosphorus, cholesterol and in protein. Electrophoresis 
could differentiate between protein components that increased 
during cholesterol feeding and the estrogen administration 
(C legge t  al., Po~dtry Sci. 39, 35). In  pigs, testosterone ad- 
ministration caused a marked reduction in sermn cholesterol, 
stilbestrol had no apparent  effect, and castration resulted in 
hypercholesteremia (Cox and Hale, J . .Y~ t .  72, 77). In young 
cockerels, hydroeortisoue and eortieosterone a(bninisfration in- 
hibited growth but increased carcass fa t  and blood and liver 
lipid; cortisone had no effect on these indices; diethylstilbestrcl 
increased blood and liver lipids and stimulated fa t  deposition 
without inhibiting growth (Ba.nm and Meyer, A~.. J. Phys~oL 
193, 1263). Pilios e ta l .  have compared the potencies of uracil, 
thiouracil and related compounds in producing thyroid changes, 
hypercholesteremiu and atheroselerosis in rats fed cholesterol 
and eholic acid (Cirezdation Res. g, 71). 

Book Review 

Several reviews have appeared during the past  ~ear which 
may be of interest to researchers in the field of fats and oils. 
Law prepared a review on glycollpids (A~n. Rer. of  Bioehum. 
29, 131). Lipsky, et al., reviewed the field of gas chroma- 
tography of fa t ty  acids (A~z~t. Roy. of Bioc]u.,I. 29, 649). 

A. panel discussion on " L i p i d s  in Health and Disease"  was 
held at the ~'ifth International Congress on Nutrition, Wash- 
ington, D. C., September, 1960. The various topics dealing with 
the role of f a t  in normal metabolism and atherosclerosis, 
metabolism role of endocrines in iipid metabolism were pre- 
sented and written by outstanding authorities in their fields. 
New books of ~nterest to chemists in fats, oils and detergen~ 
research are as follows: 

Achaya, 1=I. A., Ed. "Cottonseed and Its  By-Products" ,  The 
India Central Oilseed Committee, Hyderabad, India, 1959. 

American Society for Testing 3[aterials, '~1959 Supplement to 
book of ASTM Standards including Tentatives. Par t  8. 
Paint, Naval Stores, Aromatic tIydroearbons, Gaseous 
]."uels, Engine Antifreozes,"  Philadelphia, Pa., 1959. 

American Society for Testing 3s '~1959 Supplement to 
Book of ASTM Standards Including Tentatives. Par t  10. 
Textiles, Soap, Water, Atmospheric Analysis, Wax Polish- 
e r s , "  Philadelphia, Pa., 1959. 

Centre X.~tional de la Recherche Scientifique. "Al imentary  
F a t s , "  2nd. Series. Paris, 1959. 

Hanahan, D. J. " Lipide Chemistry,"  John Wiley and Sons, 
New York, 1960. 

Kirk, l{. E..nnd Othm<~r, D.F. Ed., ' ;Encyclopedia of Chemical 
Technology." First  Supplement Volume. The Interscience 
Encyclopedia Inc., 19.57. 

Kirschbaum, Emil ' ' Destiller-und Rektifizierteehnik, ' J Springer- 
Verlag, Berl in/Goett ingen/t te idelberg,  1960. 

Kirschenbauer, H. G. '~Fats  and Oils: AK Outline of Their 
Chemistry and Technology", 2nd. Ed. l~eilflmld Publishing 
Corporation. New York, 1960. 

Klilw, G. M., Ed. "Analyt ical  Chemistry of Polymers ,"  Vol. 
XII ,  Part  I. Analysis of Monomers and Polymeric Nater- 
ials: Plastics, Resins, :Rubbers, J~ibers. Interstate Pub- 
fishers Inc., 1959. 

Martin, J. H. and Morgans, W. 3L " A  Glossary of Pigment, 
Varnish, ,~nd Lacquer Consti tuents,"  Chemical Publishing 
Company, New York, 19.59. 

Mehlenl)acher, V. C. ' 'The Analysis of :Pats and Oils ,"  Garrard 
Press, Champaign, Ill., 1960. 

Whistler, Y~. E. and ~eMiller, J. N . E d .  " Indus t r i a l  Gores: 
Polysaccharides and Their Derivatives," Academic Press, 
1959. 

Zuidem,% H. }I. "Per fo rmance  of Imbricating Oi ls ,"  t~eildmld 
Publishing Corporation, Xcw York, 1959. 


