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ABSTRACT 

Volatile components (hydrocarbons, monoesters, 
free acids as methyl esters and free alcohols as 
acetates) of seven unhydrolyzed commercial waxes-  
ouricury, carnauba, Chinese insect, lac, esparto, can- 
deliUa and Japan wax-have been analyzed and 
compared by gas liquid chromatography. Though 
appreciable portions of the waxes were nonvolatile, 
the results were sufficient to distinguish the seven 
waxes completely. Methanolysis products were ana- 
lyzed directly by gas liquid chromatography, and the 
results agreed with those previously obtained for 
hydrolysis products of these waxes. Ouricury wax 
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FIG. 1. Gas liquid chromatographic separations of commercial 
waxes after treatment with diazomethane and acetylation. Peaks 
with odd numbers (peak numbers also indicate chain lengths) from 
27-33 are hydrocarbons; peaks with even numbers from 28-34 are 
fatty acid methyl esters; peaks with numbers 26A-34A are alcohol 
acetates; peaks with numbers 42-68 are monoesters; and peaks with 
numbers 48G-52G are triglycerides.Temperature was programed 
from 125 to 400 C at 3 C/min, but only results from 170 to 400 C 
are shown. Only Japan wax showe d C16 and C18 methyl ester peaks 
between 125 and 170 C. 

gave 18% C24-C34 aco-diols and 4% C24-C32 
r acids, in addition to 28% C20-C32 acids 
and 17% C22-C34 alcohols, on methanolysis. 

INTRODUCTION 

Beeswax was previously analyzed by gas liquid chroma- 
tography (GLC) without preliminary fractionation or 
hydrolysis, and the amounts and compositions of the 
hydrocarbons, free fatty acids (as methyl esters) and 
monoesters (in all 65% of the wax) were determined (1). It 
then appeared useful to compare a number of other 
commercial waxes in the same way. Some hydrolysis 
products of carnauba (2-4), ouricury (5), Chinese insect and 
lac (6), esparto (7), candelilla (5,8) and Japan waxes (9) 
have been analyzed by GLC, after fractionation by conven- 
tional methods, but the whole waxes have not been so 
examined. Thin layer chromatographic (TLC) analysis has 
been used to compare unhydrolyzed waxes (10-12), but the 
indicated components were not completely identified. 
Hydrocarbons and free fatty acids of candelilla wax and 
hydrocarbons of esparto wax have been isolated by 
preparative TLC and analyzed by GLC (13). Ouricury wax 
has been fractionated by column chromatography on 
alumina and the fractions identified by functional group 
analysis (14). 

In tiffs paper the above mentioned seven waxes have 
been compared by GLC, and amounts and compositions of 
the volatile components determined. Since there is prob- 
ably considerable variation in composition (indicated by 
the range of acid and ester values) between commercial 
samples of natural waxes, methanolysis products of these 
waxes have also been examined for comparison with results 
obtained in the investigations of hydrolysis products 
referred to above. The mixtures of methyl esters, alcohols, 
r acids and diols produced by methanolysis have 
been analyzed by GLC without preliminary separation. The 
compositions of some of the waxes, hitherto inadequately 
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FIG. 2. Gas liquid chromatographic separation of acetylated 
methanolysis products from ouri~ury wax. Peak numbers (peak 
numbers also indicate chain lengths) 16-32 are methyl esters; peak 
numbers 28A-34A are alcohol acetates; peak numbers 24H-28H are 
r methyl esters; and 24D-34D are a,w-diol diacetates. 
Temperature was programed from 125 to 300 C at 3 C/min. 
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T A B L E  I 

C o m p o s i t i o n  o f  C o m m e r c i a l  Waxes  O b t a i n e d  b y  Gas  L i q u i d  C h r o m a t o g r a p h y  (%) 

Wax  

C a r n a u b a  O u r i c u r y  C h i n e s e  Lac  E s p a r t o  C a n d e l i l l a  J a p a n  
C o m p o n e n t s  i n s e c t  

H y d r o c a r b o n s  - -  1 - -  1 19 41 --- 
F ree  ac ids  --- 4 - -  2 9 8 3 
Free  a l c o h o l s  11 5 2 11 8 4 --- 
M o n o e s t e r s  36 11 81 2 4  9 6 36 a 
H y d r o x y  es te r s  - -  '7 . . . . . . . .  
U n i d e n t i f i e d  b - -  4 ( 1 )  . . . . . .  6 (2 )  5 (3 )  

T o t a l  v o l a t i l e  4 7 3 2 8 3 3 8 4 5 6 5 4 6 

a Tr ig ly  eer ides .  

b N u m b e r  o f  c o m p o n e n t s  in  p a r e n t h e s e s .  

investigated, have been clarified considerably. 

EXPERIMENTAL PROCEDURES 

Wax sample acid and ester values were: carnauba, 4.5, 
77.4; ouricury, 14.5, 88.1; Chinese insect, 6.5, 83.5; lac, 
t3.1, 79.9; esparto, 22.5, 41.2; candelilla, 13.3, 42.6; and 
Japan, 32.5, 195.3. 

Solvent for TLC analysis of waxes was chloroform 
containing 1% ethanol (v/v). Methanolysis products were 
examined in the same solvent and Rf values were: methyl  
tr iacontanoate,  0.49; tr iacontyl acetate, 0.43; triacontanol, 
0.14; methyl 23-acetoxyoctacosanoate,  0.09; 1,26-hexa- 
cosanediol  diacetate, 0.07; methyl 28-hydroxyocta- 
cosanoate, 0.02 and 1,26-hexacosanediol 0.00. Chloroform 
containing 5% ethyl acetate (v/v) was also used and Rf 
values were: methyl triacontanoate, 0.70; triacontanol,  
0.32; methyl  28-hydroxyoctacosanoate,  0.20 and 1,26- 
hexacosanediol, 0.03. 

GLC analyses were carried out using a Hewlett Packard 
Model 402 gas chromatograph with flame ionization detec- 
tors. Columns were 3 f t x  1/8 in. stainless steel packed with 
80-100 mesh, acid-washed and silanized Chromosorb W 
coated with 1.5% Dexsil 300. Wax (0.050 g) was weighed 
out and 5 ml of chloroform solution containing ca. 0.001 g 
each of p-dioctylbenzene and octadecyl octadecanoate 
added, followed by a solution of diazomethane in methy- 
lene chloride. Solvents were taken off, and the mixture was 
acetylated with acetic anhydride and pyridine (0.5 ml each) 
at 100 C. Reagents were removed and the sample analyzed 
by GLC as a chloroform solution; temperature was pro- 
grained from 125 to 400 C at 3 C/rain; helium flow rate 
was 60 ml/min. Peaks were integrated with an Infotronics 
Model CRS-104 digital integrator. Components were pro- 
visionally identified by reanalysis after addition of appro- 
priate synthetic compounds:  triacontane, methyl octa- 
cosanoate and triacontanoate,  octacosyl and tr iacontyl 
acetates and tr iacontyl  hexadecanoate and triacontanoate. 

T A B L E  I I  

C o m p o s i t i o n  o f  H y d r o c a r b o n s  o f  W a x e s  (%) 

W a x  

Chain O u r i c u r y  Lac  E s p a r t o  C a n d e l i U a  
length 

2 5  9 - -  1 - -  
2 6  - -  ~ 1 - -  
2 7  23  39  3 - -  
2 8  - -  ~ 2 - -  
2 9  22  51 16 6 
3 0  ~ ~ 2 2 
31 36  10 54 80  
32  . . . .  1 
33  10 --- 20  11 
35  . . . .  1 

The percentage of hydrocarbons was calculated from the 
response relative to p-dioctylbenzene and the percentage of 
methyl esters, and alcohol acetates and monoesters from 
the response relative to octadecyl  octadecanoate.  Investiga- 
tions with internal standards and the above synthetic 
compounds showed that correction factors were not re- 
quired with the column used in the present investigation. 

Methanolysis of Waxes 

Wax (0.050 g) was refluxed 18 hr with I0 ml methanol 
containing 5% HCt and 10 ml benzene. The solution 
was poured into water and the products extracted with 
chloroform; solvent was taken off and the residue ace- 
tylated as before. During GLC analysis the temperature was 
programed from 125 to 300 C at 3 C/min. To identify 
components,  synthetic methyl 28-hydroxyoctacosanoate 
(as acetate), diacetates of a,co-hexacosane and tr/acontane 
diols, and dimethyl octadecanedioate and docosanedioate 
were used in addition to the above mentioned methyl esters 
and alcohol acetates. Again correction factors were not 
iequired. 

Ouricury wax (0.5 g) was subjected to acid methanoly- 
sis, and the products were chromatographed on silicic acid 
(100 g, Biosil A). Methyl esters, alcohols and a mixture of 
alcohols, hydroxy esters and unidentified components  were 
eluted with hexane-chloroform 4:1. Diols were eluted with 
chloroform. The mixture containing alcohols and hydroxy 
esters was acetylated and rechromatographed. Alcohol 
acetates were eluted with hexane-ether 99:1 and 6o-acetoxy 
esters with hexane-ether 95:5. The composition found was: 
28% methyl esters, 17% alcohols, 4% hydroxy esters, 18% 
diols, and 33% unidentified components  (noncrystalline 
material eluted at different stages of the separation and 
material not  recovered from the column). 

Synthetic Compounds Used in Identification of 
Wax Components 

Preparations of the following compounds have been 
preivously described: C28 acid and alcohol (15); C30 acid 
and alcohol, and tr iacontyl hexadecanoate and triacontano- 
ate (16); 1,26-hexacosane diol and its diacetate (17). 
Electrolytic coupling of hexadecanoic acid gave triacontane 
and of methyl  hydrogen decanedioate and dodecanedioate 
gave dimethyl octadecanedioate and docosanedioate,  re- 
spectively. Electrolytic coupling of a mixture of methyl 
hydrogen tetradecanedioate (17) and 16-acetoxyhexa- 
decanoic acid gave methyl  28-acetoxyoctacosanoate. 
cLw-triacontanediol diacetate and dimethyl hexacosanedi- 
oate. The products were separated by column chromatog- 
raphy on silicic acid (A.P. Tulloch, unpublished work). 

RESULTS AND DISCUSSION 

Use of  Dexsil 300 as GLC liquid phase gave good 
separations of  hydrocarbons,  even carbon methyl  esters, 
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TABLE III 

Composition of Free Acids and Alcohols of Waxes (%) 
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Wax 

Carnauba Ouricury Chinese Lac Esparto 
insect 

Chain Acid Alcohol Acid Alcohol Acid Alcohol Acid Alcohol Acid Alcohol 
length 

Candelilla Japan 

Acid Alcohol Acid Alcohol 

16 . . . . . . . . . . . . . . . . . . . . .  84 --- 
18 . . . . . . . . . . . . . . . . . . . . . . . . .  16 --- 
22 --  --  3 . . . . . . . . . . . . . . . . . . . . . .  
24 ~ -- 3 . . . . . .  1 . . . . . . . . . . . . . .  
26 - -  - -  4 2 - -  75 5 3 3 5 . . . . . . . . . . .  
28 --  7 29 4 --  21 52 55 25 70 9 . . . . . . . .  
30 - -  16 32 12 --  4 34 25 37 15 48 77 . . . . . .  
32 --  60 29 60 . . . .  9 11 26 8 43 20 . . . . .  
34 -- 17 --  22 . . . . .  6 8 2 --- 3 . . . . . .  

and alcohol acetates  and monoes te r s  as shown in Figure 1. 
Alcohol  acetates  emerge at approx imate ly  the posi t ion of 
me thy l  esters wi th  one more  carbon,  but  for  the present  
analyses it is reasonable  to  assume tha t  odd  carbon acids 
and alcohols are absent .  The same co lumn also par t ly  
resolved ace ty la ted  6o-hydroxy me thy l  esters f rom me thy l  
esters and diol diacetates  f rom alcohol acetates,  the 
d i funct ional  c o m p o n e n t  emerging jus t  af ter  the monofunc -  
tionaI c o m p o n e n t  wi th  four  more  carbons.  Figure 2 shows 
the separat ion of  me thy l  esters,  0o-acetoxy me thy l  esters, 
alcohol acetates  and diol diacetates  derived f rom metha-  
nolysis  of  our icury wax. Though separat ion was n o t  
comple te ,  tests  wi th  mix tures  of  syn the t i c  c o m p o u n d s  
showed  tha t  e lect ronic  in tegra t ion  gave sat isfactory quant i-  
tative results. 

Compos i t ions  of  the waxes,  according to  GLC analysis, 
are shown in Table I; Table II shows the compos i t ion  of 
hydroca rbons ,  Table III that  o f  free acids and free alcohols,  
and Table IV that  of  monoes te rs .  These four  tables toge ther  
wi th  Figure 1 show that  there  are obvious and useful 
d, i f ferences  be tween  the seven waxes.  In the case of  five of 
the waxes,  the per cen t  volatile according to  GLC is less 
than 50%. For  commerc ia l  waxes this figure might  vary 
appreciably,  depending  on the ex t en t  of  refining processes.  
Compos i t ion  would  also be expec ted  to  vary wi th  origin of 
the wax, t ime of  year  at which it was col lected,  exact  
species of  p lant  or insect  used,  etc. The present  results will 
therefore  be compa red  wi th  those  ob ta ined  previously.  
Acid and ester  values of  the waxes were all close to or 
within accepted  ranges of  values (18-21).  Also, results of 
TLC analysis were very similar to  those  of  Hol loway and 

Challen (11) excep t  for  the carnauba wax sample,  which 
showed spots  for  monoes te r s ,  alcohols,  h y d r o x y  esters and 
more  polar  c o m p o n e n t s  only.  

Carnau ha Wax 

Results in Table I agree fairly well wi th  those ob ta ined  
by Vandenberg  and Wilder by co lumn ch roma tog raphy  
(12% free alcohols,  40% monoes te r s ,  [4] ). The h y d r o x y  
esters,  p -hydroxy-  and p - m e t h o x y c i n n a m i c  acid diesters 
found  by these  authors  did no t  appear  on GLC. Methanoly-  
sis p roduc t s  found  by GLC were: 27% acids, 57% alcohols,  
13% ~ - h y d r o x y  esters  and 3% a,co-diols. Downing  et  at. (2) 
found,  by convent iona l  separa t ion of alkali hydrolysis  
products :  28% acids, 47% alcohols,  15% h y d ro x y  acids, 6% 
diols and 6% unident i f ied .  The compos i t i on  of  the metha-  
nolysis p roduc t s  was very similar to that  given by Downing  
et  al. (2). Cinnamic acid derivatives (4) were no t  de tec ted  
by the  present  me thod .  

Ouricury Wax 

Figure 1 and Table I show appreciable dif ferences  f rom 
carnauba wax. Free acids are de tec tab le  in agreement  wi th  
the higher acid value. An un iden t i f i ed  c o m p o n e n t  (4%) 
appears at the posi t ion of  C26 a ,w-dio l  diacetate;  but  it  was 
no t  this diol, because the emergence  pos i t ion  was no t  
af fec ted  by ace ty la t ion  and co lumn ch roma tog raphy  of  
methanolys i s  p roduc t s  indica ted  i t  was e luted wi th  the 
alcohols.  Peaks in the  m o n o e s t e r  region are all double  
peaks,  the later por t ion  being due to acetyla ted h y d r o x y  
esters. This part  o f  the peak did no t  appear  if  the sample 
was no t  ace ty la ted  and if the wax was t reated wi th  

TABLE IV 

Composition of Monoesters of Waxes (%) 

Wax 

Chain Carnauba Ouricury Chinese Lac Esparto Candelilla 
length insect 

40 . . . . . .  1 1 -- 
42 ~ ~ ~ 6 1 4 
44 --  2 ~ 14 7 4 
46 t 3 1 12 7 7 
48 2 5 2 9 7 ~7 
50 3 6 l l  6 8 11 
52 9 12 37 2 8 12 
54 13 13 25 1 8 9 
56 27 18 14 3 13 3 
5 g  16 16 8 5 1 7  3 

60 17 15 2 7 12 4 
62 8 8 ~ 8 7 4 
64 3 2 ~ 9 2 2 
66 --  --  ~ 8 -- --  
68 - -  - -  ~ 6 - -  

Unidentified a . . . . .  3(4) 2(2) 30(10) 

aNumber of components in parentheses, 
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TABLE V 

M e t h a n o l y s i s  P r o d u c t s  o f  Ouricury Wax Found by 
Gas  Liquid Chromatography of Total Methanolysis Products 

C o m p o s i t i o n ,  % 
C h a i n  A c i d s  Alcohols to-Hydroxy a c i d s  a,to-Diols 
length 

T o t a l  

2 0  6 - -  - -  w 
2 2  $ 1 - -  1 
2 4  1 7  2 2 4  1 5  
2 6  1 6  5 2 6  4 0  
2 8  3 4  6 3 8  2 5  
3 0  1 9  1 5  9 11 
3 2  3 5 3  - -  6 
3 4  - -  2 2  - -  2 

v o l a t i l e ,  % 3 7  2 6  5 31  a 

aAn u n i d e n t i f i e d  c o m p o n e n t  h a s  b e e n  i n c l u d e d  as  p a r t  o f  t h e  C26 diol. 

N-trimethylsilylimidazole; TMS ethers of the hydroxy 
esters were completely separated from monoesters. Assum- 
ing, by analogy with relative emergence temperatures of 
t~-acetoxy methyl esters and methyl esters (see above), that 
acetoxy ester has four carbons less than preceding monoes- 
ter, per cent composition is: C40 , 2; C42, 3; C44 , 10; C46 , 
15; C48 , 23; Cso, 20; Cs2 , 17; C54 , 7; C s 6  , 3. 

The composition of methanolysis products of ouricury 
wax found by GLC is shown in Table V. Since nonvolatile 
material has not  been taken into account, the percentages 
of the classes of breakdown products are too high; also, the 
unidentified component detected in the original wax makes 
the C26 diol and the total diols too high. Column 
chromatography of metlzanolysis products gave: 28% 
methyl esters, 17% alcohols, 4% hydroxy esters, 18% diols, 
33% unidentified components. Diols isolated in this way 
had the percentage composition: C22 , 1; C24 , 17; C26 , 22; 
C28 , 35; C30 , 16; C32, 7; C34 , 2; C28 diol is thus the 
major component,  rather than C26. 

Miltenberger (5), who seems to have made the only 
other investigation of hydrolysis products of ouricury wax, 
found a fatty acid composition similar to that in Table V 
and reported C32 as the major alcohol but did not mention 
hydroxy acids or diols. 

Since diols are the major difunctional components, 
hydroxy esters must be mainly monoesters of diols. 
Ouricury wax differs in this respect from carnauba wax, 
which has hydroxy acids as principal difunctional compo- 
nents. Free acids were mainly C28 to C32 so that combined 
acids are shorter (C20-C30). Principal components of acids, 
hydroxy acids and diols all have the same chain length 
(C24-C30), but alcohols are longer (C30-C34). In carnauba 
wax, acids and hydroxy acids were also C24-C30 and 
alcohols C30-C34 , but diols had a greater range (C24-C34). 

Cole and Brown (14) found fairly similar amounts of 
free acids and free alcohol and also 23.5% esters and 22.4% 
hydroxy esters, though the esters may not  have been 
entirely volatile material. 

Chinese Insect Wax 

Chinese insect wax was the least complex of the waxes, 
consisting mainly of monoesters; hydrocarbons and free 
acids were less than 1%. The composition of methyl esters 
obtained on methanolysis is almost the same as that found 

by Faurot-Bouchet and Michel by alkaline hydrolysis (6). 
These authors also found alcohol percentages: C26 , 63; 
C28, 28; C3o , 2; but results obtained here were: C26, 43; 
C28 , 43; C3o , 8. The major Cs2 and Cs4 monoesters 
(Table IV) must be mainly hexacosyl and octacosyl 
hexacosanoates. 

Lac Wax 

Lac wax differed from Chinese insect wax in having an 
appreciable free alcohol content  and a large chain length 
range of monoesters with an unusual minimum at C52-C54. 
Methanolysis products were as shown in Table VI. The 
figures are fairly close to those obtained by alkaline 
hydrolysis (6), but C14 and C16 acids are larger and C28 
alcohol is smaller. No hydroxy acids or diols were found, so 
that the composition of more than half of the wax is 
unexplained. Since C28 alcohol is a major component o f  
free alcohols (Table III), the major combined alcohols must 
be C30-C34. The unusual chain length distribution of the 
monoesters reflects the chain length range of the combined 
acids. The C42-C48 esters must be Cl4 and C16 acid esters 
of C28-C34 alcohols, and the C56-C68 esters must be C28 
to C34 esters of these alcohols. 

Esparto Wax 

GLC showed that this wax contained 19% hydrocarbons 
(Table I), which agrees with the figure of 23% reported by 
Savidan (22) some time ago. C31 was the major hydrocar- 
bon. Miet et al. (7) reported 70% hydrocarbons; however 
the saponification value of their sample was much lower 
than usual and the percentage of even carbon hydrocarbons 
was unusually high (38%), suggesting considerable natural 
variation in esparto wax or even the possibility of adultera- 
tion by petroleum paraffin. Another possible explanation is 
that only part of the paraffin found by column chromatog- 
raphy was volatile during GLC analysis; this has also been 
observed during investigations of other grass waxes (A.P. 
Tulloch, unpublished work). Holloway (13) found 60% 
hydrocarbons by preparative TLC with a composition 
similar to that reported here. The considerable variation in 
the acid and ester values reported for esparto wax 
(18,21,22) suggests that it is a rather variable product. 

The free acids (Table III) were similar in content and 
composition to those reported by Miet et al. (7), and 

TABLE VI 

Methanolysis Products--Lac Wax 

Chainlength 

Products 12 14 16 18 20 22 24 26 28 30 32 34 36 

Acids 1 8 14 2 1 1 1 1 10 11 23 26 1 
Alcohols . . . . . . . . .  2 40 23 21 13 1 
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TABLE VII 

Methanolysis Products-Candelilla Wax 

Chain length 

Products 16 18 20 22 24 26 28 30 32 34 

Acids 2 1 12 4 1 1 7 32 33 7 
Alcohols --  - -  --  5 --- 3 9 65 15 3 

oc t acosano l  was the  ma jo r  free a lcohol  as has been  f o u n d  
for  leaf  waxes of  o t h e r  m e m b e r s  of  the  grass family 
(23 ,24) .  Acids o b t a i n e d  o n  m e t h a n o l y s i s  ranged f rom C 16 
to  C34,  m a k i n g  a l lowance for  the  C28-C34 acids con t r ib -  
u t e d  by  the  free acids; the  c o m b i n e d  acids would  be similar  
to  those  r epo r t ed  before  (7).  The large chain  l eng th  range 
of  the  acids again accoun t s  for  the  C40-C64 range of 
m o n o e s t e r s  (Table  IV).  Compar i son  of  response  of  n o n h y -  
d r o c a r b o n  c o n s t i t u e n t s  wi th  t h a t  of  h y d r o c a r b o n s  af te r  and  
before  me thano ly s i s  showed  an increase  of  ca. 80%, 
ind ica t ing  an apprec iab le  pe rcen tage  of  acids and  a lcohols  
c o m b i n e d  as nonvo la t i l e  c o m p o n e n t s .  Since h y d r o x y  acids 
and  diols  were n o t  de tec ted ,  the  c o m p o n e n t s  are p resum-  
ably n o t  polyes ters .  

Candelilla Wax 

H y d r o c a r b o n  c o n t e n t  of  this  wax was r epo r t ed  to be  ca. 
50-55% wi th  C31 the  pr incipal  c o m p o n e n t  (13 ,25 ,26 ) ,  and  
the  p resen t  sample c o n t a i n e d  41% of  volat i le  h y d r o c a r b o n s  
(80% C31)  (Tables  I and  II). Hol loway (13)  f o u n d  free 
acids s imilar  to  those  r epo r t ed  here  (Table  III) .  The  
m e t h a n o l y s i s  p r o d u c t s  were as s h o w n  in Table  VII.  Com-  
par i son  wi th  free acids (Tab le  I I I )  shows t h a t  the  C 16-C22 
acids are all in the c o m b i n e d  acids, The  large range of  chain  
lengths  of  acids give rise to  the  large range in the  esters  
(Tab le  IV). Alkal i  hydro lys i s  gave acids of  a s imilar  range 
(5) ,  and  Chibna l l  e t  al. (27)  r epo r t ed  ma jo r  C30 and C32 
acids and  alcohols .  There  was a 50% increase in n o n h y d r o -  
c a r b o n  c o n t e n t  on me thano lys i s ,  due to  acids and  alcohols  
c o m b i n e d  in nonvo la t i l e  c o m p o n e n t s .  

Japan Wax 
T h a t  this  wax is a glyceride wax and  gives, on  hydro lys i s ,  

main ly  pa lmi t ic  acid and  also 6% of  long  cha in  d icarboxyl ic  
acids has  been  k n o w n  for  some t ime  (28) .  Methanolys is  
gave m e t h y l  es ters  wi th  a c o m p o s i t i o n  very similar  to  t ha t  
r epo r t ed  (28) ,  together wi th  esters  of  e icosanedioic  (2%) 
and  docosaned io ic  (2 .6%) acids. Tazaki  (9)  r epo r t ed  a lmos t  
the  same percen tages  o f  d ica rboxyl ic  acids. Figure 1 shows  
t h a t  t r ipa lmi t in  is the  ma jo r  volat i le  c o m p o n e n t ;  t he  small  
peak  w i th  an emergence  t e m p e r a t u r e  of  ca. 285 C was no t  
t r i laur in.  The  re la t ively  low to ta l  volat i le  mate r ia l  (46%, 
Table  I)  is due p re sumab ly  to  the  presence  of  molecules  
cons is t ing  of  two  diglyceride un i t s  l inked  by  d icarboxyl ic  
acids (29) .  

Resul ts  o b t a i n e d  in th i s  inves t iga t ion  agree suf f ic ien t ly  
well w i th  previous  s tudies  of  these  waxes to  use this  GLC 

m e t h o d  to  iden t i fy  waxes and  p r o b a b l y ,  in  some  cases, to  
es t imate  the  a p p r o x i m a t e  a m o u n t s  of  d i f fe ren t  waxes in 
mixtures .  
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