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Evidence is provided that sterculie and malvalie acids 
occur together in seed oils of Sterculia foetida, Hibisctls 
syriacus~ and Lavatera trimestris. Sterctdia foetida oil con- 
tains 54.5% sterculic and 6.7% malvalic acids; Hibiscus 
syriacus oil contains 16.3% nmlvalic and 3.4% stereulic; and 
Lavatera trimestris oil contains 7.7% malvMic and 0.6% 
sterculie acids. H~biscus syriacus oil also contains 1.5% 
dihydrosterculie acid. The cyelopropenoid acids were char- 
acterized by hydrogenation in conjunction with gas-liquid 
chromatography and by oxidation to ~-dioxo acids with sub- 
sequent cleavage with peracetie acid. Acetolysis of epoxides 
in the presence of cyclopropenes was effectcd by room ten> 
perature treatment with acetic acid-10% sulfuric acid (5:2). 

T 
WO CYCLOPROPENOID ACIDS are knm~m in n a t u r e - -  
sterculic acid ( Ia ) ,  the chief f a t ty  acid of Ster- 
culls foetida oil isolated and characterized by 

Nunn (1),  and malvalic acid ( Ib) ,  found in Malva 
seed oils (2,3,4). Seed oils of the Malvaceae other 
than those of Malva are known to contain acids simi- 
lar  to sterculie acid. These oils give a positive Hal- 
phen test (5),  show infrared absorption maxima at 
9.92 ~ (6),  and absorb hydrogen bromide when ti- 
t ra ted by the Durbetaki method (7). 

The present investigation, concerning which a 
prel iminary communication appeared earlier (8), 
establishes malvalic acid as the chief cyclopropenoid 
fa t ty  acid in two malvaeeous seed oils~Hibiscus syri- 
acus and Lavatera trimestris. Each oil also contains 
a smaller amount  of stereulic acid. Our work also 
establishes that. sterculic acid is accompanied by a 
smaller amount of malvalic acid in Sterculia foetida 
oil. Shenstone and Vickery (9) have obtained com- 
parable results with Sterculia foetida seed oil; they 
have also shown that  malvalic and sterculic acids 
occur together in leaf oils of two Malva species and 
in cottonseed oil (both family Malvaceae) as well as 
in seed oils of two Brachychiton species (Stercu- 
liaceae). They found that  malvalie acid is the pre- 
dominant eyclopropene in all of these except Sterculia 
oil (4,9). 

Evidence for a eyclopropane-containing acid in 
Hibiscus syriacus oil was also obtained. This is 
presumably dihydrostereulie acid. An isomeric cy- 
clopropanoid acid lactobaeillic acid--was discovered 
in Lactobacillus lipids by Hofmann and co-workers 
(10,11). A l t h o u g h  the  ev idence  is less de f in i t e ,  
H. syriacus oil apparent ly  also contains dihydromal- 
valie acid. 

The occurrence of sterculic and malvalic acids in 
the same oils together with their dihydro derivatives 
presents a biogenetic problem of considerable inter- 
est. F a t t y  acids in na tura l ly  occurring glycerides, 
plant or animal, are almost always found in homolo- 
gous series with even-numbered chains differing in 
length by multiples of two carbons. In  contrast, 
sterculic and malvalic acids differ in chain length by 
a single carbon; malvalic acid has an odd-numbered 

1 This is a laboratory of the Northern Utilization Research and De- 
velopment Division, Agricultural Research Service, U. S. Department 
of Agriculture. 
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(C17) chain. We suggest the following as a possible 
scheme for biosynthesis of cyelopropenoid acids: 

-2tI  
-CH=CH- § :CH_~ -) --CH--CH-- > -C=C- 

\ / \ /  
CH_. CH~ 

A B C 

Microbial synthesis of lactobaeillic acid by addition 
of a one-carbon f ragment  across the double bond of 
cis-ll-oetadeeenoic (cis-vaceenie) acid ( A - > B )  has 
been demonstrated by I to fmann  and Liu (12). A 
similar conversion of oleic to dihydrosterculic acid has 
been reported by Bloch and co-workers (13). Desat- 
urat ion of stearie to oleic acid, analogous to conver- 
sion (B--> C), has also been demonstrated (14,15). 
Thus oleic acid would serve as the biosynthetic pre- 
cursor of sterculie acid, with dihydrosterculic acid 
as an intermediate. Such a scheme would require a 
Cl;-monoethenoie acid as a precursor for  malvalie 
acid. C17-acids in lipids of higher plants are rare 
but it was noted that  oils containing malvalie acid 
also contain in some cases a measurable amount of a 
heptadecenoic acid (see Tables I and I I ) .  

Another  biogenetic oddity associated with malva- 
ceous seed oils is that  they f requent ly  contain epoxy 
acids as well as eyclopropenes (16). Hopkins and 
Chishohn characterized the epoxy acid in Hibiscus 
and Lavatera oils as the enantiomer of epoxyoleic 
acid that  yields (+)-threo-12,13-dihydroxyoleic acid 
when treated with acetic acid. 

Cyclopropenoid acids in seed oils were determined 
by hydrogen bromide t i t rat ion and differentiated 
from epoxy acids by li thium aluminmn hydr ide  re- 
duction (17). Gas liquid chromatographic (GLC) 
analysis showed that  malvalic acid peaks were masked 
by linoleic acid peaks, but  hydrogenation studies were 
used to estimate the quant i ty  of malvalie and ster- 
culic acids in the original oil. The values obtained 
by hydrogenation are in fa i r  agreement with the 
values obtained by t i t rat ion with hydrogen bromide 
(Table I I I ) .  

Prolonged hydrogenation of eyelopropene-eontain- 
ing acids (or oils) in ethanol produced dihydro 
derivatives and branched-chain hydrogenolysis prod- 
uets, but  none having straight chains. In  acetic acid, 
however, both branched-chain and straight-chain hy- 
drogenolysis products  were produced. The dihydro 
derivatives were probably cis-DL-9,10-methyleneocta- 
deeanoic (18), and cis-DL-8,9-methyleneheptadecanoic 
acids (3). Lactobacillie acid was shown to be ciS-D or 
L-11,12-methyleneoctadecanoic acid by  Craven and 
Jeffrey (19). The branched-chain hydrogenolysis 
products  were probably 8-(9-)methylheptadecanoic 
and 9-(10-)methyloctadecanoic acids according to the 
resuIts obtained by Hofmann and co-workers (10). 
The straight-chain hydrogenolysis product  f rom ster- 
tulle acid was nonadeeanoic acid. 

Our attempts at isolating malvalic acid from Hibis- 
cus oil by low-temperature crystallization or by urea 
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TABLE I 

GLC Analysis  of Fa t ty  Acids ( ~ e t h y l  Es te rs )  h 'om Seed Oils 
Con ta in ing  Cyclopropenoid Acids 

Acid Stercul ia  Hibiscus  Lavatera  
foet ida syriacus tr imestris  

Laur i c  ............................................ 
Myris t ie  ........................................ 
PMmit ic  ........................................ 
Palmitoleie  .................................... 
C1z monoene .................................. 
Stearic  .......................................... 
Oleic .............................................. 
Li~aoleic ......................................... 
L inolenic  ...................................... 
Sterculic  ....................................... 
Dihydrostercul ic  ........................... 
Epoxyoleic .................................... 
U n k n o w n  ..................................... 

0.1 
20.5 

0.3 

3.2 
11.0 
12.2 

0.5 
5O.0 

2.3 

% 

0.2 
17.0 

0.8 
0.5 
1.6 

13.0 
56.5 

0.5 
5.2 
1.5 
1.3 
1.2 

% 

0.2 
0.3 

18.1 
0.4 
0.7 
3.1 

27.0 
44.1 

0.2 
0.9 

3.2 
1.6 

T A B L E  I I  

GLC Analysis  of Hydrogena ted  Fa t ty  Acids (Methyl Esters)  
f rom Seed Oils Con ta in ing  Cyelopropenoid Acids 

Acid 

T A B L E  I I I  

Percentages  of Hydrogen  Bromide-React ive  Acids 

GLC analysis  

Species Stercu- Malva- ] Epoxy 
! lie acid* lic~ acid I acid" 

i % % % 
,% foetida ........................................ ! 54.5 6.7 
n. syria~,,s ..................................... 3.4~ 16.3 i:~ 
L trimestris  . . . . . . . . . . . . . . . . .  0.6 7.7 3.2 

H B E c  

57.6 
21.9 
11.9 

* "Value has been corrected for  d ihydrostereul ie  acid found in the 
or ig ina l  oil. 

Values were obtained indirect ly  from products  formed by hydro- 
genat ion  of the fa t ty  acids. 

r Hydrogen  bromide equivalent  ( H B E )  is a measure  of hydrogen 
bromide consumpt ion expressed as moles consumed per  mole of Cls-acid 
(eq. wt. 296.5)  t imes 100. 

Myris t ie  ..................................... 
PMmit ie  ..................................... 
I-Ieptadeeanoic ........................... 
8- (9-) 5Iethylheptadecanoic ....... 
Dihydromalva l ie  ........................ 
Malval ic  ..................................... 
Stear ic  ....................................... 
Dihydros tereui ie  ....................... 
9- ( 10- ) Methylstearie  ................. 
Hydroxys tear ic  ......................... 
Nonadeeanoie ............................ 
U n k n o w n  .................................. 

% 
0.4 

17.1 
1.8 
5.8 

10.1 
0.4 

59.7 

Hibiscus  Lavater(~ 
syriaeus trimestris  

% 
0.2 

17.5 
1.2 
2.5 
5.2 

0.6 

Stercalia 
foetida 

% 

0.1 
17.1 

0.6 
1.0 
5.7 

45.7 
8.8 

I ...... 

Sterculia 
foetida 

oil a 

% 

18.8 

1.2 
4.6 

13.2 
38.5 
11.5 

11.5 

a The oil was hydrogenated  hrs. i~t glacial  acetic acid u s ing  Adams '  
catalyst.  

adduction were unsuccessful. The incomplete separa- 
tion of eyelopropeuoid acids front linoleic by these 
techniques may be attributed to large quantities of 
linoleic acid present in malvaeeous seed oils. Because 
of the difficulties encountered in isolation techniques, 
the eyclopropenoid acids in Hibiscus and Lavatera 
were characterized indirectly according to the follow- 
ing scheme: 

OH3 ( e l l 2 )  7 - - C = C - -  ( C H ~ )  , , - -C02H 
\ /  

C H :  I a  n - 7 
b n  6 

0 0 
iI ]l 

C H 3 - - ( C H ~ ) ;  C C H _ ~ - C - ( C H _ ~ ) , , - - C O 2 H  

l I I a .  n = 7 
b n =  6 

C H a - - ( C H ~ ) ~ - - C O ~ H  + H O ~ C - - ( C H ~ ) . C O ~ H  

I V a n =  7 
I I I  b n = 6  

Van Rudloff's periodate-permanganate oxidation pro- 
cedures (20,21) were applied to cyclopropenoid acids 
and oils. The expected cleavage ( I -+  II) occurred, 
but it was often complicated by overoxidation (II---> 
III + IV) or by formation of smalt amounts of other 
by-products. In some eases, a small amount of prod- 
uct was formed having an infrared maximum at 5.6 ~, 
suggesting a four-membered ring ketone�9 Such a com- 
pound could result from an intramoleeular aldol con- 
densatiou of a fi-diketone. 

Periodate-permanganate oxidized (21) H. syriacus 
oil after saponification yielded a mixture containing 
8,10-dioxoSctadecanoic, 9,11-dioxononadeeanoic, dihy- 
drosterculie, and dihydromalvalic acids. 

The nmterial isolated by chelation contained 87.8% 
C18 dioxoester and 12.2~ C19 dioxoester. The mixture 
of dioxoesters upon saponification followed by per- 

acetic acid oxidation (1) yielded pelargonic 28.0% 
(45.5~ of theory), octanedioic 52.0% (8i.0% of the- 
ory), nonanedioie 12.0~ (100% of theory), and 12 
minor components 8~ .  

We found that cyclopropenes are largely destroyed 
by Guustone's procedure (22) for acetolysis of fat ty 
acid epoxides (treatment with boiling acetic acid). 
The nature of aeetolysis products derived from ster- 
culie acid has been elucidated by Rinehart and co- 
workers (23). Acetolysis of epoxides of Lavatera 
trimestris seed oil was effeeted without destruction of 
the cyclopropene moiety by treatment with acetic 
acid-10% sulfuric acid (5:2) at room temperature. 
Saponification followed by removal of the dihydroxy 
acids vielded acids with a hydrogen bronfide equiva- 
lent ( t lBE)  of 8.5. Hydrogenation studies and GBC 
analysis showed that this fraction contained 8.3% 
cyelopropenoid acids (Table II) .  

Ozonolysis of the acids (HBE 8.5), ([--->II), 
yielded a concentrate showing X ...... 275 m~ (E 50.0) 
after removal of aldehydes and aldehydo acids. The 
dioxoesters (II)  were isolated by chelation with cu- 
pric acetate and oxidized with peracetic acid (II--> 
I I I +  IV). GLC analysis of the oxidation products 
indicated the major acids were pelargonie, oetane- 
dioie, and nonanedioic. A snmll quantity of heptane- 
dioie acid was also observed, which probably was 
produced as a degradation product of oetanedioie 
acid. 

Exper imenta l  

Apparatus  and .lIethods. GLC analyses were carried 
out using a Burrell Kromo-Tog K-5 instrument as 
described by Miwa and co-workers (24). Equivalent 
chain len~h (ECL) values used in identifying methyl 
esters of acids not reported by Miwa and co-workers 
are found in Table IV. The methyl esters were pre- 
pared by the diazomethane method. Hydrogenations 
were carried out in ethanol using 10% palladium 
on carbon unless otherwise specified. Ultraviolet ab- 
sorption measurements were made in absolute ethanol 
using a Beckman model DU spectrophotometer. 

Extract ion and Saponification of Oils. Coarsely 
ground seeds of Hibiscus sgriacus and Lavatera tri- 
mestris were extracted overnight with petroleum 
ether (b.p. 30-60~ using Soxhlet extractors. Re- 
moval of solvent in the usual way yielded 27.0% 
oil (HBE 21.9) from H. sgriacus and 15.5% oil 
(HBE 11.9) from L. trimestris. Sterculia foetida oil 
(HBE 57.6) was obtained in 51% yield by petroleum 
ether extraction of crushed nuts at room temperature. 

Saponification was effeeted by stirring the oils with 
0.8 N alcoholic KOH overnight at room temperature. 
The unsaponifiable material was removed. The corn- 
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T A B L E  I V  

Equ iva l en t  Chain  L e n g t h s  ( E C L )  of Methyl  Es t e r s  

Acid 

8- ( 9-) Methylhep tadecanoic  ................................. 
D i h y d ro m a lva l i c  .................................................. 
9 - (10-)  Methyloctadec anoic ................................. 
D ihydros t e rcu l i c  .................................................. 
8 ,10-Dioxo6ctadecanoic  ....................................... 
9 ,11-Dioxononadecanoic  ..................................... 

E C L  

Apiezon-L Resoflex-446 

17.3 17.2 
17.8 18.4 
18.3 18.2 
18.8 19.4 
20.6 ...... 
21.6 ...... 

position of the mixed acids obtained froln various 
oils is shown in Table I. 

Estimation of Percentages of Acids by Hydroge~- 
ation. In a typical preparation,  a 0.100-g. portion of 
fa t ty  acids was hydrogenated at 1 atm. for 30 to 45 
min. using 0.010 g. of catalyst at room temperature.  
The catalyst was removed and the solvent was evapo- 
rated, yielding solid or semisolid acids. Iodine value 
determinations showed whether the hydrogenations 
Were complete. The composition of the hydrogenated 
acids as methyl esters is shown in Table II .  

Hydrogenat ion of eyclopropene-containing acids (or 
oils) using Adams'  catalyst in ethanol did not pro- 
duce straight-chain hydrogenolysis products. How- 
ever, branched-chain hydrogenolysis products were 
produced. Nonadecanoic acid and also branched-chain 
hydrogenolysis products were produced by hydrogen- 
ation of a sample of Sterculia foetida oil for  3 hr. 
using Adams'  catalyst in glacial acetic acid followed 
by saponification in the usual manner. Table I I  shows 
the results obtained f rom prolonged hydrogenations. 

Characterization of the Acids in Hibiscus syriacus 
Seed Oil. Attempts to isolate the acids by urea ad- 
duction according to the procedure of Nunn (1) re- 
sulted in mixtures of malvalic contaminated with 
linoleic acid. A combinatior~ of low-temperature crys- 
tallization and urea adduction produced a mixture 
with H B E  no higher than 57.0. 

A 5.00-g. portion of H. syriacus oil was stirred 
overnight with 34.80 g. of sodium periodate, 2.10 g. 
of potassium carbonate, and 0.653 g. of potassium per- 
manganate in 2,000 ml. of 60% t-butyl alcohol for 24 
hr. The pH was 6.9 at the start  of the reaction and 6.3 
upon completion of the reaction. The organic layer 
was removed then the aqueous layer was decolorized 
with sodium bisulfite and extracted with ether. The 
organic layer and the ether extracts were combined, 
dried o~'er sodium sulfate, and evaporated in vacuo; 
the mixture yielded 3.02 g. of oil with an iodine value 
of 10.5. The iodine value of the original oil was 121. 
This oil (3.02 g.) was saponified at room temperature  
by t reatment  overnight with 0.8 N alcoholic potassium 
hydroxide;  2.52 g. of f a t t y  acids were isolated by 
acidification and ether extraction. These semisolid 
fa t ty  acids (2.52 g.) were t r i tura ted  with (10 x 25 
ml.) portions of petroleum ether;  evaporation of the 
p.e. extracts yielded 1.24 g. of a semisolid giving a 
dark red color with 3% alcoholic ferric chloride. GLC 
analysis 'showed that  the mixture contained 9.9% C18 
dioxo, 1.1% C19 dioxo, 1.7% dihydrosterculic, and 
3.9% dihydromalvalic acids. A 0.399-g. portion of 
this esterified mixture was treated with 5 ml. of a 
saturated solution of cupric acetate in methanol essen- 
tially according to the procedure of Faure  and Smith 
(6). A blue-gray precipitate was formed. The crys- 
tals were collected on filter paper, washed with cold 
methanol, and dried by suction--yield,  0.095 g., m.p. 
92-93~ The dioxoesters were liberated from the 
copper chelate by acidification with concentrated hy- 

drochloric acid and ether extraction. The yield of 
dioxoesters was 0.078 g. The ultraviolet spectrum of 
this material showed maximum absorption at 275 m~ 
(c 9,100; caled, as C19 diketo acid). Nunn (1) re- 
ported e 10,500 at 275 mg for 9,11-dioxononadecanoic 
acid. The infrared spectrum of the dioxoesters in 
carbon disulfide showed a peak at 6.25 g (fl-diketone). 
According to GLC analysis the sample was 87.8% 
dioxoSetadecanoate and 12.2% dioxononadecanoate. 
This mixture of esters was saponified then oxidized 
with peracetic acid (1). The oxidation mixture con- 
tained pelargonic 28.0% (45.5% of theory) ,  octane- 
dioie 52.0% (87.0% of theory) ,  and nonanedioic acid 
12.0% (100% of theory) ,  plus 8% of 12 minor com- 
ponents according to GLC analysis. 

Acetolysis of Epoxides. Gunstone's procedure (22) 
for  the acetolysis of epoxides (boiling acetic acid) 
was applied to L. trimestris oil but  resulted in de- 
struction of the cyclopropene ring according to ti tra- 
tion with hydrogen bromide. Pre l iminary  experi- 
ments with H. syriacus and Vernonia anthelmintica 
seed oils showed that  acetolysis could be effected with 
acetic acid-10% sulfuric (5:2) without appreciable 
loss of the cyclopropenoid moiety. A 0.514-g. portion 
of V. a~#helmintica oil ( H B E  71.6) was st irred over- 
night at room temperature  with 2 ml. of 10% sul- 
furic acid in 5 ml. of acetic acid. The solution was 
diluted with water and extracted with ether. The 
ether extracts were washed with water, dried over 
sodium sulfate, and evaporated to yield a viscous oil 
( H B E  0.01). A 0.546-g. portion of H. syriacus oil 
( H B E  22.0) was treated similarly with acetic acid- 
10% sulfuric acid. The product  was worked up in 
the same manner  and yielded an oil, H B E  21.9. 

Isolation of the Acids in Lavatera trimestris Seed 
Oil. Oil recovered from the acetic acid-sulfuric acid 
treatment was saponified in the usual way. Acids 
liberated from the mixture were part i t ioned between 
petroleum ether and 8 0 ~  methanol as described by 
Gunstone (22). The bulk of the acids were obtained 
free of d ihydroxy acids in the residue obtained by 
evaporating the combined petroleum ether layers 
( H B E  8.5). A portion of these acids was hydrogen- 
ated and was shown to contain 5.2% dihydrosterculic, 
2.5% 8-(9-)nlethylheptadeeanoic and 0.6% dihydro- 
sterculic, by GLC analysis. This 8.3% of sterculic- 
type acids in the petrolemn ether fract ion is in close 
agreement with the value obtained by hydrogen bro- 
mide titration. 

Characterization of Acids in L. trimestris Seed Oil. 
A 5.03-g. portion of malvalic acid from the petro- 
leum ether layers ( H B E  8.5) was ozonized in 150 ml. 
ethyl acetate at -25~  for 13.5 min. according to the 
procedure of Nmm (1). The ozonide was decom- 
posed by catalytic hydrogenation, the catalyst was 
removed by filtration and the solution was treated 
with diazomethane. Removal of solvent in vacuo 
yielded 5.30 g. of oil. The product  was dissolved in 
300 nil. of ether and washed with (3 x 100 ml.) por- 
tions of water. The ether extracts were dried over 
sodium sulfate and evaporated. A 2.09-g. portion of 
material from the ether extract  was saponified with 
0.8 N alcoholic KOH, and 2.36 g. of the product  was 
isolated. The product  was steam distilled for 2 hr., 
and the nonsteam-volatile components were isolated 
by ether extraction. The ether extracts were washed 
with (10 x 100 ml.) portions of saturated sodium bi- 
sulfite solution. Drying the ether extracts over so- 
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dium sulfate  and evaporat ing yielded 1.23 g. of a 
semisolid. The ultraviolet  spect rum showed ~EtO~ 275 

"-max. 
m~ (E 50.0), and the in f ra red  spect rum showed a 
peak at 6.25 u (fl-diketone). This semisolid was 
esterified and treated with cupric acetate in methanol 
(1) ; the yield was 0.070 g., m.p. 90-92~ The com- 
plex was decomposed and 0.063 g. of esters were 
isolated by ether extraction. Saponifying the mixture  
of dioxoesters yielded 0.056 g. of acids. These acids 
were oxidized by peraeetic acid (1), and 0.037 g. of 
oxidation .product  was recovered by ether extraction. 
GLC analysis showed tha t  pelargonic and octanedioic 
acids were the major  degradat ion products.  Nonane- 
dioic and heptanedioic acids were also observed in 
smaller quantities. The heptanedioic acid may have 
resulted f rom degradat ion of octanedioic acid. 
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The Cuticle Wax of the Cuban Palm, CopernMa hosfita 
E. D. KITZKE and E. A. WILDER, Basic Research Department, 
S. C. Johnson & Son, Inc., Racine, Wisconsin 

The physical and chemical constants characterizing a pre- 
viously unreported pahn wax are given. These are conl- 
pared to and are quite similar to those of carnauba. There 
is also reference to certain gross field characteristics such 
as leaf size, age at time of flowering, and wax .xdelds. The 
wax compares favorably with carnauba in typical polish 
compositions. 

I 
NTENSIVE FIELD STUDIES have been underway  for 

over 18 years  to bet ter  establish the taxonomy of 
the West Indies and South American  species of 

the genus Copernicia. A port ion of the data gathered 
has recently appeared  as a published monograph (1). 
Several of the species of this genus have been called 
to the au thors '  at tention because of unusual  waxy 
character  found in the leaves. 

A substantial  number  of plants  representing vari- 
ous Cuban species of this genus have been grown 
from seed under  experimental  wax pahn plantat ion 
conditions in northeast  Brazil  (2).  Because it was 
possible to simulate typical  field conditions equiva- 
lent to what  the commercial Brazil ian carnauba 
(Copernicia cerifera, Martius)  wax palms receive, 
it has also been possible to harvest  the waxes of these 
current ly  unexploited pahns and draw direct com- 
parisons to the carnauba palm. The chemical analy- 
ses for one of these pa lm waxes have been completed 
and are reported here. 

The Copernicia hospita palm has been regarded 
from the early taxonomic studies and early field work 

in Cuba (3) to be an outstanding candidate for wax 
production. Trees of this species being grown in 
northeast  Brazil  are a l ready showing evidence (Fig.  
1) of botanical ma tu r i ty  (flowering) and adequate 
size capable of wi ths tanding the severe pressure of 
annual  leaf cut t ing harvest  at the age of five years. 
Carnauba  (C. cerifera) does not reach ma tu r i ty  
(flowering) before 12-15 years  of age and does not 
provide commercial wax yields before it is 8 years 
old. 

The leaves in this s tudy were collected using tech- 
niques commonly pract iced by the native harvesters 
of carnauba  in Brazil. They were excised f rom the 
crown and sun-dried for  five days. The wax was 
removed f rom the leaves by a mechanical beating 
process using a Guarani-eyehme machine. In this 
proces-s the dried leaves are autonlatically cut into 
pieces 2-3 in. long and beaten by revolving arms in 
the body of this nmchine and the free flaking wax 
powder thus dislodged is collected by a cyclone air 
separator.  The free flaked wax was then screened 
using a 40-mesh sieve in order to remove most of the 
vegetable f ragments  and fibers. 

A quant i ty  of the screened powder was melted and 
clarified by filtration. The several routine constants 
generally determined on waxes were run  oll the clari- 
fied wax with the results tabulated below and com- 
pared with like constants on carnauba.  Notable dif- 
ferences between the two waxes occur in the higher 


