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cules polar enough and small enough to penetrate 
these essentially porous, adsorbed films. 

The present data prove that  tr istearin soil at the 
monolayer level is held by adsorption forces while 
cohesive forces are active at multimoleeular soil 
thicknesses. The adsorption appears to be operative 
through the soil polar groups, and adsorbed soil is 
released only by more polar materials. Access of 
solvent molecules to the glass substrate surface pre- 
sumably occurs through voids in the packed soil 
monolayer or at soil patch edges. Soil removal in 
these solvent systems takes place by dissolution of 
coherent soil and by str ipping or preferent ial  sorp- 
tion mechanism at adsorbed soil patch edges. Non- 
polar or weakly polar solvents act by dissolution of 
coherent soil, and polar solvents through preferen- 
tial sorption and str ipping and detaching at adsorbed 
soil sites. Combinations of polar and nonpolar sol- 
vents prove more effective in some instances than 
polar solvent alone. 
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Separation and Chemical Assay of Lipide Classes 1 
E. V AN H A N D E L ,  2 Division of Physiology, University of Tennessee, Memphis, and 
The Public Health Research Laboratories, Stuart, Florida 

T 
HE INTEREST in human diseases which may be 
accompanied by abnormalities in lipide metabo- 
lism has greatly stimulated the development of 

methods for separation and micro-analysis of lipide 
classes. I t  therefore should be worthwhile to consider 
methods for micro-determination of cholesterol and 
its esters, triglycerides, and phospholipide constitu- 
ents. The material has been restricted mainly to in- 
clude those methods with which the author  has had 
experience. 

Determination of Total Cholesterol in Serum 
The desire for  convenient analysis of small quanti- 

ties of cholesterol and its esters in serum and some 
tissues is evidenced by the great number of modifica- 
tions of the basic chemical procedures. In  material  
where sterols other than cholesterol can be expected, 
such as adrenals or intestinal contents, the determi- 
nation is very  tedious. For  cholesterol assay in serum, 
four  different colorimetrie methods are in use, includ- 
ing, in order of increasing specificity: direct addition 
of the color-forming reagents to a sample of serum 
(1, 2) ; addition of the reagents to the lipides isolated 
from serum (or tissue) by solvent extraction (3 ) ;  
application of the reagents for  color development to 
the unsapouifiable fract ion (4) ;  and precipitation 

1 Presented a t  the 49th annua l  meeting, Amer ican  Oil Chemists'  So- 
ciety, ~iemphis, Tenn., April  22, 1958. 

This investigation was supported in pa r t  by a g r a n t  from the Na- 
t ional  h e a r t  Inst i tute ,  National  Institutes of t teal th ,  United States 
Publ ic  Heal th  Service (H-2181) .  . ' 

P resen t  address :  Public Heal th  Research Laborator ies ,  Box 595, 
Stuart, F~a, 

with digitonin of nonesterified 3 beta hydroxy  ster- 
oids f rom a saponified lipide extract  and subsequent 
addition of the reagents to the sterol digitonide (5).  

Development of a Colored End-Product. Three 
different color producing reactions are suitable: the 
reaction with acetic anhydride and sulfuric acid to 
produce a blue to blue-green color (Liebermann-Bur- 
chard reaction),  reaction with ferr ic  chloride whieh 
forms a purple  eomplex (2), and reaetio~ with zinc 
chloride-acetyl chloride for cherry red (Tsehugaeff 
reaction) (6). The Liebermann-Burehard (L.B.) re- 
action is the most widely used. I t  actually yields two 
colored components, one having an absorption maxi- 
mum at 625 mt~ and a more stable product  whieh can 
be conveniently determined at 430 m~ (7). The lat- 
ter  wavelength can be used only if no related ster- 
oids and bile acids are present to give interfer ing 
green-yellow to yellow reaction products. 

In the L.B. reaction, chloroform may be used as the 
solvent (8) although acetic acid is preferred.  Free  
and esterified cholesterol have different absorption 
characteristics, but  this difference is much less when 
the reaction is carried out in acetic acid than when 
chloroform is used as the solvent (Table I ) .  For  that  
reason alone it is best to use acetic acid ra ther  than 
chloroform when the esters have not been saponified. 
Another  disadvantage of chloroform as the solvent 
is the instability of the reaction product  at 625 mt~ 
(7, 9). At 25~ the maximum develops within 6-8 
min. for  esterified cholesterol and within 10-12 rain. 
for  free cholesterol, then declines at a rate of 21/2- 
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TABLE I 

Optical Density of Cholesterol 3 and Some Cholesteryl Esters 3 Produced 
in the Liebermann-Burchard Reaction, ]Keasured at Maximum Color 

Development in a Coleman Model 6D Spectrophotometer with 
19-ram. Round Cuvettes 

Ch I Cho]estery] Cho]estery] I Cholesteryl 
Re ent I Wave- I _ o es- I acetate I myristate oleate 

ag length ^teroi 1 l l X 0  4 1 54X0 4 1.68X0.4 

b 550 0:176_~2% 0 : 1 9 0 ~ 2 ~  / 0 : 1 7 6 ~ 2 %  
c 625 [ 0.452 • ~ %1 0.472 •  I 0.457 --~-2% 
c l 550 1 0 . 2 0 5 • 1 7 7  1 0 . 1 9 6 •  

o.88o •163 % 
0.650 ----.2% 
0.522 -----~ % 
0.188 •  
0.503 •  
0.214 •  

a Six ml. of a mixture: 50 ml. of chloroform, 10 ml. of acetic anhy- 
dride, 1 ml. of sulfuric acid (7) .  

b Four ml. of a mixture: 20 m]. of acetic anhydride and 1 nil. of 
sulfuric acid, added to the sterols dissolved in 2 ml. of acetic 
acid (4) .  

c Six mh of a mixture: 2 ml. of water, 15 mL of 12% para toluene- 
sulfonic acid in acetic acid, 37.5 ml. of acetic anhydride, and 5 ml. 
of sulfuric acid (1),  using the technique described in text. 

Optical densities represent the average of not less than 4 and not 
more than 8 replicates (_+% standard error) ,  run  on different days. 

3% of the optical density per rain. When acetic acid 
is used, the maximum is reached in about 25 rain. and 
stays constant for  at least 15 min. (9). I f  sulfuric 
acid is previously mixed with acetic anhydride,  there 
is no change in temperature  on mixing with acetic 
acid. The blue color with maximum absorption at 
625 m~ is not light-sensitive (9). For  these reasons 
it is neither necessary to use a shielded, constant- 
temperature  bath nor to time the reaction with a 
stop-watch. 

Pearson et al. modified the L.B. reagent by adding 
pura toluenesulfonic acid 2 and found that,  mole for 
mole, cholesteryl acetate and cholesterol have the 
same absorption characteristics (1 ) ;  but, for  natu- 
ral ly occurring esters, small differences in molecular 
absorption may still exist (Table I ) .  Pearson et al. 
chose a wavelength of 550 m~ because at that  wave- 
length the color is stable for 15 rain. With the teeh- 
nique described below the color is also stable for  15 
min. at the absorption peak. Measuring at 625 m~ 
more than doubles the optical density, and in this 
manner  one stays far ther  away from interfer ing yel- 
low-green and yellow reaction-products of serum. 
The blank used by Pearson et al. (12% para toluene- 
sulfonic acid in acetic acid added to serum) reduces 
net absorption about 10-15% more than the reagent 
blank at 550 m~ and 5-10% at 625 m~. 

The original procedure calls for  adding reagents 
without mixing until  the last step, which is the addi- 
tion of sulfuric acid. This has given rise to violent 
reactions (10). These are avoided and the deter- 
mination simplified if the following technique is 
followed. 

F o u r  m].  o f  a m i x t u r e ,  c o n t a i n i n g  3 %  p a r a  t o l u e n e s u ] f o n i e  
ac id ,  2 5 . 5 %  a c e t i c  ac id ,  a n d  71 . 5% ace t i c  a n h y d r i d e ,  a r e  
a d d e d  f r o m  a p i p e t t e  to 0.2 ml .  of  p l a s m a  in  a t e s t  t u b e  
whi l e  b e i n g  a g i t a t e d  b y  a cork  p l a c e d  e c c e n t r i c a l l y  on  t h e  
shas  o f  a sm a l l  e l ec t r i c  m o t o r .  T h e  s t a n d a r d  c o n t a i n s  0.4 
m g .  of  cho les t e ro l  8 in  4 ml .  of  t he  s a m e  m i x t u r e  a n d  0.2 ml .  
of  w a t e r .  A f t e r  cool ing ,  0.4 ml.  of  s u l f u r i c  a c i d  is r a p i d l y  
a d d e d ,  a g a i n  w i t h  g e n t l e  a g i t a t i o n ,  a n d  t u b e s  a r e  i m m e d i -  
a t e l y  p l a c e d  in  cold  w a t e r  so t h a t  the  r e a c t i o n  does  n o t  p ro-  
ceed  a b o v e  r o o m  t e m p e r a t u r e .  T h e  a b s o r p t i o n  is  m e a s u r e d  a t  

The reason for addition of this reagent is unexplained, and very 
similar results  are  obtained if 3% acetic acid is subst i tuted for the 
3% para toluenesulfonic acid. 

All cho~esteryl esters were purified by elution frmn large silicic acid 
columns with 10% chloroform in petroleum ether. Cholesterol was 
purified by elution with chloroform-petroleum ether 3 : t  ( v / v ) .  The 
appearance of only one spot on a chromatogram was used as the cri- 
terion for purity. 

One rag. of cholesterol is equivalent to 1.11 mg. of cholesteryl 
acetate, 1.25 rag. of caproate, 1.54 mg. of myristate, and 1.68 rag. 
of oleate. 

625 m/~ (o r  550 mt~) a 2 t e r  4 0 - 6 0  m i n .  T h e  s e r u m  b l a n k  is 
p r e p a r e d  b y  a d d i n g  4.4 ml .  o~ 1 2 %  p a r a  t o l u e n e s u l f o n i e  ac id  
in  a c e t i c  a c i d  to  0.2 ml .  of  s e r u m .  

Several normal human sera and normal rabbit  
plasmas have been analyzed (Table I I )  by this 
method (column b) and by the method of Abell 
(4) (column a). 

Direct methods may lead to over-estimation be- 
cause of the relative lack of specificity of the rea- 
gents for  cholesterol. In  the Pearson method there 
is wide divergency in parts  of the absorption spee- 

TABLE I !  

Total Serum Cholesterol (rag. per 100 ml.) as De, ermined by the 
~ethods of Abell et al. (a) and Pearson et al. (b) 

Abdl Pearson 

625 m~ 625 m~ ] 550 m~ 

Human  serum 

222 231 228 
190 193 193 
128 118 135 
196 210 214 
144 142 156 
237 240 274 
203 210 216 

Rabbi tplasma 

45 56 54 
70 81 85 
55 50 52 
34 35 39 
53 75 87 
37 40 50 
54 61 62 
25 26 25 

t rum between the green reaction-product of serum 
and the blue-green reaction-product of cholesterol 
(1). Greater  specificity is achieved by the method 
of Abell et al. (4),  where plasma is saponified and 
the unsaponifiable sterols extracted with petroleum 
ether. Abell showed by eountercurrent  distribution 
that  the unsaponifiab]e product  extracted f rom plasma 
behaves like authentic cholesterol. Consequently the 
absorption spectrum of the reaction product  of the 
petroleum ether extract  closely resembles that  of pure 
cholesterol in the L.B. reaction. 

For  the ferr ic  chloride method (2) Her rmann  has 
demonstrated that  there may be as much as 25% 
difference between the direct reaction with plasma 
and that  of the petroleum ether extract  (11). 

Separation of Cholesterol from Cholesteryl Esters 
About 65-75% of total cholesterol in plasma is 

esterified with fa t ty  acids. Methods available for  
separation of cholesterol f rom its f a t ty  esters depend 
upon precipitation of free cholesterol with digitonin 
(5),  or upon elution from aluminum oxide (12), or 
silicic acid (13, 14, 15). I f  a solution of lipides in 
petroleum ether is adsorbed on silicic acid, cholesteryl 
esters may be eluted with small amounts of chloro- 
form-petroleum ether. All ether lip ides., including 
free cholesterol and triglycerides, remain adsorbed 
(13, 14). Chloroform will elute cholesterol and tri- 

glycerides quanti tat ively while the phospholipides 
remain and can be eluted with methanol. 

Separation of cholesteryl esters f rom cholesterol 
and triglycerides is achieved as follows: 

A m i x t u r e  o f  ~ g.  o f  Super -Col  a n d  ~ g.  02 n o n a c t i v a t e d  
si l icic a c i d  4 is s l u r r i e d  w i t h  c h l o r o f o r m  in a c o n s t r i c t e d  g l a s s  

Silicio acid (Mallinckrodt). 100-mesh A.R. Hyflo Super-Col (Johns 
Manville). 
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t u b e  (1.0 cm. in  i n n e r  d i a m e t e r  a n d  4=0 cm. in  l e n g t h ) ,  in 
w h i c h  a sm a l l  p l u g  o f  g l a s s  wool  ha s  b e e n  i n s e r t e d .  A f t e r  
d r a i n a g e  of  t h e  c h l o r o f o r m  a b o u t  10 ml .  o f  p e t r o l e u m  e t h e r  
a r e  p a s s e d  t h r o u g h .  T h e  m i x t u r e  of  l i p ide s  ( m a x .  20 r ag . )  in  
p e t r o l e u m  e t h e r  (b .p .  6 0 ~ 1 7 6  is p l a c e d  on t he  c ~ l u m n  
a n d  Mut ed  w i t h  20 ml .  o f  1 : 9  ( v / v )  e h l o r o f m ~ n - p e t r o l e u m  
e the r .  T h e  e l u a t e  c o n t a i n s  c ho l e s t e ry l  es te rs .  S u b s e q u e n t l y  
t he  c o l u m n  is e ]u t ed  w i t h  20 ml .  of  c h l o r o f o r m .  Th i s  f ra . e t ion  
c o n t a i n s  all  of  the  t r i g lyce r i c l e s  a n d  f r e e  choles te ro l .  

The separation by the above procedure of cholesteryl 
oleate and caproate from cholesterol in molecular 
ratios from 1:10 to 10:1 is shown in Table III.  Re- 
sults were in good agreement with the Sperry-Webb 
method for free cholesterol even with biological speci- 
mens of widely different free/total cholesterol ratios 

TABLE III 

Determination of Cholesterol Esters, a Free Cholesterol, 8 and 
Triglycerides, Following Elution from Silieic Acid 

TABLE IV 

Determination of Cholesterol from Liver of Normal and Cholesterol-Fed 
Rabbits, Chromatog'raphical]y, and According to the 

~ethod of Sperry and Webb 

Estevified Free cholesterol l~atio 
cholesterol free/total 

mg./g,  of tissue mg./g,  of issue cholesterol 

As 10% chloro- 
form fraction 
from column* 

0.31 
0.3 
0.60 
1.15 
1.25 
1.00 
0.98 

11.8 
25.9 
31.3 
18.0 
26.3 
25.7 

As chloroform As 
fraction from 

eoluIlln 

1.12 
0.9 
1.80 
2.3 
1.75 
1.17 
1.00 

4.8 
5.1 
5.7 
3.3 
3.7 
2.8 

digito- 
aide 

1.17 
1.0 
1.90 
2.1 
1.85 
1.12 
0.95 

3.5 
4.6 
4.7 
2.4 
3.5 
2.8 

0.79 
0.75 
0.75 
0.67 
0.58 
0.54 
0.50 

0.29 
0.16 
0.15 
0.15 
0.12 
0.10 

* Compa.red with a cho.Iesteryl oleate standard. 

Adsorbed on sillclc 
acid (mg.) 

Chol. oleate 0.84 
Cholesterol 5.0 
Corn oil 4.0 

Chol. oleate 1.68 
Cholesterol 10.0 
Corn oil 4.0 

Chol. oleate 8.4 
Cholesterol 5.0 
Corn oil 4.0 

Chol. oleate 16.8 
Cholesterol ].0 
Corn oil 4.0 

Chol. eaproate 1.25 
Cholesterol 10.0 

Chol caproate 12.5 
Cholesterol 1.0 

Chol. caproate 0.62 
Cholesterol 5.0 

Chol. caproate 6.25 
Cholesterol 0.50 

ester* Trigl.** 

~ <0.04 

1,71 

<0.04 

8.2 

16.7 <0.04 

<0.04 

1.30 

12.8 / 

0.62 

6.35 

b 
Choles- b 
terol* ig 

5.0 
3.8 

10.0 
3.7 

5.1 
3.8 

1.1 
3.9 

10.0 

1.1 

4.9 

0.53 

Trigl.** 

a--mg.eluted with 20 ml. of chloroform:petroleum-ether 1:9. 
b- - rag .  Muted with 20 ml. of chloroform. 
*Determined by the L.B. reaction, using cholesteryl oleate, caproate, 

and cholesterol as standards. 
**According to Van Handel and Zilversmit (18).  

(Table IV). The efficiency of the separations was 
further checked chromatographically on silicic acid 
impregnated glass paper (16), using petroleum ether 
as the mobile phase and 8% alcoholic phosphomolyb- 
dic acid (17) as a staining agent. 

Separation of Fatty Acids from SteroIs. The glyc- 
erides from the chloroform fraction can be saponi- 
fled; cholesterol can then be extracted with petroleum 
ether. After acidification of the soaps, fat ty acids 
are extractable with petroleum ether. Similarly the 
fat ty acids and cholesterol from the cholesteryl ester 
fraction can be separated by saponification. In this 
way cholesterol from free and from esterifled choles- 
terol becomes separately available for further analysis, 
as do fatty acids from sterol esters and glycerides. 
Therefore no further attempts have been made to sep- 
arate triglycerides and cholesterol from each other by 
silicie acid chromatography. 

Determination of Triglycerides 
Few investigators have attempted to survey the 

variations of blood and tissue triglyeerides in health 
and disease. This is probably on account of the in- 
adequacy of current analytical methods. In many 
biological samples, triglyeerides constitute a minor 

fraction of the total lipides, and metheds which de- 
pend on the difference between total lipides and the 
sum of the determined cholesterol, cholesteryl esters, 
and total phospholipides are liable to serious error. 
A much more specific method for triglycerides de- 
pends on the determination of esterified glycerol 
after removal o.f the interfering phosp.holipides. The 
separations of phospholipides from nonphosphorus 
containing triglycerides is accomplished by placing 
plasma directly on zeolite and extracting the triglyc- 
erides with chloroform. Alternatively the separation 
can be brought about by passing a chloroform ex- 
tract of total lipides through a small silicie acid 
column. The glycerides are sap onifled, liberated 
glycerol is oxidized by periodic acid, and the formed 
formaldehyde is determined colorimetrically after 
reaction with ehromotropic acid. As little as 0.02 
rag. of triglyeerides can be determined (18). 

Analysis of Phospholipides 
Determination of lipide phosphorus by dry or wet 

ashing and subsequent application of the Fiske and 
Subbarow reagent has not been the subject of much 
controversy. Some phospho]ipides, e.g., from plasma 
(19), bile (20), or egg (21a) have a relatively simple 
composition. Others, e.g., from brain, liver, and oil 
seeds, are much more complex and show a great 
variety of nitrogenous and sugar-containing com- 
ponents. Quantitative determination of the several 
components depends on assay of the products of hy- 
drolysis: fat ty acids, sphingosine, glycerophosphoric 
acid, choline, ethanolamine, amino acids, inositol, al- 
dehydes, and sugars. A study of the analysis of the 
nitrogenous phosphatides, with emphasis on the 
composition of egg phosphatides and commercially 
available "leci thins,"  has been published as a mon- 
ograph (21). 

In the animal kingdom, two choline-containing 
phospholipides occur: lecithin and sphingomyelin. 
The latter can be differentiated from lecithin by its 
resistance to mild alkaline hydrolysis (22). The 
occurrence in soybean of an alkaline-resistant phos- 
phatide, not containing choline, led the author to 
the detection and isolation of a new class of phos- 
phatides, showing a nitrogen to phosphorus molar 
ratio of 2:1 and a molecular weight of about 1,609 
(21b, 23). They contain a sphingosine-like base, 
glueosamine, inositol, and reducing sugars (24). 
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Carter  proposed the name "phytoglyeolipides" for 
this class of s phingolipides. 

The determination of ethanolamine and serine in 
hydrolysates usually has been done by assay of am- 
monia, which is liberated upon oxidation by periodate 
(25, 26). The assumption however that  periodate lib- 
erates ammonia only f rom eomponnds having the 
amino group and a hydroxyl  group on adjacent  car- 
bon atoms (e.g., ethanolamine and serine) does not 
hold. Choline also develops ammonia on oxidation 
with periodate. Therefore choline has to be removed 
from the hydrolysate prior  to de-aminat ion with 
periodate (21e). 

The isolation of individual, intact  phosphdipides 
is a prerequisite for  the elucidation of chemical struc- 
tures and for work in in termediary metabolism that  
involves t racer  techniques. Combinations of counter- 
current  distribution and chromatography undoubt-  
edly will lead to a more comprehensive knowledge of 
the s t ructure  and more accurate analysis of this in- 
teresting and important  class of lipides. 

Summary  

A survey is given of the micro determination of 
three major  lipide classes: cholesterol, triglycerides, 
and phospholipides. The merits of a popular  direct 
method for serum cholesterol and a system for  rapid 
chromatographic separation of esterified eholestero~ 
from other lipides have been discussed. 

REFEREN{3ES 

1. Pearson,  S., Stern,  S., and  McGavack,  T. I=L, Anal. Chem. 85, 
813 -814  (1953) .  

2. Zlatkls, A., Za~, B., and  Boyle, A. g., J .  Lab.  {3lin. :Med., 41, 
486 -492  (1953) .  

3. Bloer, W. R., J .  Biol. Chem., 77, 53-73  (1928) .  
4. Abell, L. L., Levy, B. B., Brodie  B. B., and  Kendall ,  F. E.,. 

J .  Biol. Chem., 195, 3 5 7 - 3 6 6  (1952)  
5. Sperry,  W. 2r and  Webb, }g[., J .  Biol. Chem., 187, 97-110  

(195o). 
6. I-Ianel, It .  K., and  Dam, I-I., Acta. Chem. Scan&, 9j 677• 

(1955) .  
7. Kenny,  A. P., Biocbem. J., 52, 611-619  (1952) .  
8. Forbes, J .  {3., J .  Lab. Clin. IVied., 16, 520-521  (1930) .  
9. Kaba ra ,  J., J .  Lab. Clin. !VJ[ed., 44, 246 -249  (1954) .  
10. Jones, B. J'., and  Morela~ld, F. B., Clin. Chem. 1, 345 (1955) .  
11. H e r r m a n n ,  R. G., Prec .  Soc. Expel', Biol. Med., 94, 5 0 3 - 5 0 6  

(1957) .  
12. Schon, H.,  t toppe-Seyler 's  Z. Physiol.  Chem., 808, 8 1 - 9 0  (1956) .  
13. Freeman,  N. K., Lindgren,  F. T., Yook, C. NG., and  Nichols, A. 

V., J .  Biol. Chem., 227, 449-464 (1957) .  
14. Wycoff, It. D., and  Parsons ,  J., Science, 125, 347 -348  (1957) .  
15. Micha.els, G. D., Fukayama ,  G., Chin, I-I. P.,  Wheele~, P., Prec .  

Soc. Exper.  Biol. ~ed . ,  98, 826-829  (1958) .  
16. Dieckext, J .  W., {3arney, W. B., Ory, R. L., and  2r N. /L, 

Anal. Chem., 80, 1442 (1958) .  
17. Mart in,  R. P.,  Biochem et Biopllys Acta, 25, 4 0 8 - 4 1 6  (1957) .  
18. Van  Handel ,  E., Zilversmit, D. B., J .  Lab.  & Clin. ~[ed., 50, 

1 5 2 - 1 5 7  (1957) .  
19. Axelrod, J., Reichenthal,  J., and  Brodie, B. B., J .  Biol. {3hem., 

204, 903-911  (1953) .  
20. Polonovsky, M., Bourillon, R., Bull. Soc. Cliim. Biol., 84, 7 1 2 -  

719 (1952) .  
21. Van  t tandel ,  E., "The Chemistry of Pl losphoaminolipids,"  D. B. 

{3enten's Publ ish ing Company Ltd.,  Amsterdam ( 1 9 5 4 ) :  a)  {3hapiml. V;  
b) {3hapter 1X; and  c) Chapter  I I .  

22. Schmidt,  G., Benotti ,  J., and  Thannh~user ,  S, J., J .  Biol. Chem., 
166, 505 -511  (1946) .  

23. Van  Handel ,  E., Rec. Trav.  {3him., 72, 763 (1953) .  
24. {3~rter, t t .  E., Celmer, Vr D., Galanos, D. S., Gigg, R. t{., 

Lands ,  E. ~[., Law,  J .  t t . ,  l~ueller, K. L., Nakayama,  T ,  Tomizawa, 
t t .  H.,  and  Weber, E., J .  Am. Oil Chemists'  Sac/, 35, 335-343  (1958) .  

25. Artom, {3., J .  Biol. Chem., 157, 585-595  (1945) .  
26. Burmaster ,  C. F., J .  Biol. Chem., 165, 1-6  (1946) .  

[ R e c e i v e d  A p r i l  22,  1 9 5 8 ]  

Analysis of Plant Waxes by Means of Chromatography and 
X-Ray Diffraction 
N. W I E D E N H O F ,  Laboratory for General and Technical Biology, Technical University, Delft, the Netherlands 

C OLUMN {3I-IROMATOGRAP~Y of a number  of plant 
waxes by means of AlcOa led to the isolation of 
fractions containing paraffins, esters, alcohols, 

or acids, as main constituents. In  the fractions these 
substances could be identified by means of x-ray an- 
alysis. The waxes that  were studied were derived 
from Candelilla, carnauba palm, sugar cane, and 
kapok. 

Introduction 

Cole (6) applied chromatography on columns of 
A1203 Woelm, anionotropic pH 41 to various plant  
waxes and succeeded in separating them into. func- 
t ionally homogeneous groups. However the activity 
of the alumina is not described entirely in the custo- 
mary  way (4), and the percentage of water which it 
contained is not mentioned. Pre l iminary  experiments 
with a mixture  of known composition were carried 
out on A1203 (Fisher) .  

Schuette and Baldinus (15) have analyzed the 
paraffins occurring in Candelilla wax, qualitatively 
as well as quantitatively, by chromatography on A1203 
grade F2o (A1 Ore Company).  They too failed to 
record the activity of the A120a in the customary way. 

1 Supplied by  ~r Woelm, Eschwege. 

I t  seemed desirable to continue Cole's at tempts to 
separate the plant  waxes in functionally homogeneous 
groups and to use the same separation, viz, A1203 
Woelm, anionotropic p H  41 but  to standardize it 
according to Brockmann and Sehodder (4). 

For  ident i fying the main compo~tents in the waxes 
themselves, as well as in the fractions that  had been 
obtained chromatographically, x-ray analysis seemed 
to be the most suitable method. 

In  crystallized normal long-chain a]iphatic prod- 
ucts the chain molecules are ar ranged into piles of 
uni-moleeular layers of parallel chains in which the 
chain direction is perpendicular  or at an oblique 
angle to the basal planes of the layers. Consequently 
the thickness of the layers depends on the chain 
length of the compound in question and on the angle 
of the chains with the basal plane. This thickness 
can be measured by x-ray diffraction as the so-called 
long spacing. Therefore, provided a reference stand- 
ard is availalbe, the x-ray long spacing affords a 
means of determining the chain length of an unknown 
member o.f a homologous series of n-aliphatic long- 
chain compounds. 

I t  is known that  in this way the normal aliphatie 
wax components may be identified, not only af ter  
isolation (5, 12, 13, 14, 17) but  occasionally in the 


