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in all proport ions below the boiling point of the sol- 
-cent and would therefore be satisfactory solvents so 
fa r  as the extraction step is concerned. I t  should be 
kept in mind that  the presence in the oil of fa t ty  acids, 
carbohydrates,  and phosphatides m a y  considerably al- 
ter  the oil-alcohol solubility relation. 

Figures  4 and 5 however show tha~; the efficiency of 
the separation of the oil f rom the solvent at  30~ 
increases as the percentage of water  in the alcoholic 
solvent increases. Therefore f rom the point of view 
of the complete process 98.4% ethanol or 90% 2-pro- 
panel would theoretically be the optimum concentra- 
tions for  use as solvent. Practically, the percentage 
of water in the system would be difficult to control 
precisely because it would depend upon the amomlt 
of moisture in the original and extracted cottonseed 
(2). In any case the constant boiling mixtures of 
ethanol (95.6%) and 2-propanol (87.9%) would pre- 
sent the disadvantage of requir ing pressures above 
atmospheric during the extraction in order to attain 
complete miscibility with the oil. 

Summary  

Basic phase relation data have been obtained, rela- 
tive to the extraction of cottonseed oil with ethanol 
and 2-propanol, especially as affected by  water in the 
solvent. Mutual solubility diagrams have been con- 
structed for cottonseed oil with ethanol and 2-propanol 
of various aqueous concentrations. Tie-line data at 30 ~ 
C. have been obtained for the te rnary  ethanol-cotton- 
seed oil-water and 2-propanol -co t tonseed  oil-water 
systems. These combined data will be of assistance in 
the selection of the most desirable temperatures  and 
moisture concentrations in the solvent extraction of 
cottonseed with these alcohols. Comparison with re- 
sults previously published for soybean oil suggests 
that the mutual  solubility data for  cottonseed oil and 

aqueous ethanols are applicable to other vegetable 
oils over a wide range of iodine values. 

In  general, the results indicate that  2-propanol is 
the more desirable solvent since complete miscibility 
with the oil can be attained at temperatures  below its 
normal boiling point  even at moisture contents as high 
as 10% by weight whereas ethanol can tolerate only 
about 1.5% of water. High moisture contents resul t  
in more effective separation of the oil f rom the solvent 
when the miscella is cooled af te r  extraction. Constant 
boiling aqueous ethanol and 2-propanol present the 
disadvantage of requiring greater than atmospheric 
pressure during extraction in order to attain com- 
plete miscibility with the oil. 
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T t t E  biological and economic importance of the nat- 
ural ly  occurring waxes is largely a r e su l t  of their 
unique physical properties. In  spite of much fine 

work in the past 140 years, resulting in the identifica- 
tion of numerous compounds isolated from many of 
the natura l ly  occurring waxes, there is still not one 
of these complex mixtures whose exact chemical com- 
position is known. Al ipha t ic  acids,  hydroxy acids, 
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pr imary  and secondary aliphatic alcohols, sterols, ke- 
tches, and hydrocarbons have been isolated in varying 
amounts from many waxes af ter  initial saponification. 
But  it is not  enough to know the chemical composition 
of the hydrolysis products if we are to unders tand and 
possibly duplicate the unique physical properties of 
the waxes. We must also know the extent and manner  
of combination of the acids and alcohols. 

Isolation of one or more substances from an unhy- 
drolyzed wax may be used to establish a part ial  knowl- 
edge of its composition. For  example, extraction (20) 
and adsorption separation (chromatography) (2, 17) 
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have been used to isolate homologous  groups of 
compounds f rom unhydrolyzed waxes and similar  
mixtures.  

F o r  substances whose molecules have a definite ori- 
entat ion in the wax specimen, Kreger  (14) has in- 
dicated tha t  x - r a y  diffraction affords a method of 
identification. He was able to ident ify compounds or 
groups of compounds in 39 of the 60 waxes he exam- 
ined. Most of these constituents were not esters, and 
some of them have never been isolated f rom any wax. 

War th  (22) has reported approximate  compositions 
for  a great  nmnber  of unhydrolyzed waxes. These 
were apparen t ly  a rb i t r a ry  compos i t i ons  cons i s t en t  
with saponification, acid and iodine numbers,  amount  
of unsaponifiable mater ial  and compounds previously 
repor ted to have been isolated and identified f rom the 
wax in question. There was little or no evidence sup- 
por t ing the existence of many  of the esters he asserted 
to be present  in the waxes. Neither  was there any 
evi~lence in conflict with his compositions. 

Ber t r am (1) has recently made some more profound 
calculations on the available data  about  wool wax, us- 
ing hydroxyl  values of the wax and of the hydrolysis  
products  in addition to the above mentioned constants. 
Realizing that  a calculation of composition on the basis 
of these figures was still a rb i t ra ry ,  he has eryoseopie- 
ally determined mean molecular weights of the wax 
samples and of their hydrolysis  products.  These point 
to one of the two a rb i t r a ry  compositions which he first 
calculated as being more nearly correct than the other, 
hence to the presence in wool wax of a considerable 
amount  of an hydroxy diester (two molecules of h y -  
droxy acid plus one moleeule of simple alcohol) or 
even of a higher polymer  of the hydroxy  acids. War th ,  
by  contrast,  had repor ted predominate ly  simple esters 
and less than 1% of a lactone. B e r t r a m ' s  appears  to 
be the first use of molecular weight determinations in 
solving the composition of a na tura l  wax. 

This paper  is wr i t ten  to show how the results of 
functional  group analysis and molecular weights of 
some unhydrolyzed waxes and fract ions (simpler mix- 
tures) f rom them can be applied to the calculation 
of their  compositions. The fraet ionation has been car- 
ried out by molecular distillation. 

Methods of Analysis for Functional Groups 
in Waxes 

We found no procedure in the l i t e r a t u r e  which  
could be used directly on waxes for the determinat ion 
of the carbonyl  group in aldehydes or ketones, and  no 
general ly acceptable procedures for  ester or hydroxyl  
groups. With  changes required by  the re f rac tory  na- 
ture  of high molecular weight compounds present  in 
waxes, by  their  complete insolubility in solvents even 
par t ia l ly  aqueous, and by  the limited amounts of some 
of our samples, certain existing methods for  the deter- 
ruination of these groups in organic compounds could 
be adapted  to give good results with small samples of 
a var ie ty  of na tura l ly  occurring waxes. These proce- 
dures are reported in detail. 

Acid and Ester Groups 

I t  has long been known that  complete saponification 
of waxes requires a be t te r  solvent for  the saponifica- 
tion products  than ethanol. The studies of Koonce (1 l )  
on the saponification of carnauba  wax in ethanol-tolu- 

ene showed tha t  the op t imum effective alkali concen- 
t ra t ion was 0.25 N and the opt imum time of refluxing 
90 minutes. We have found that,  for  the saponifi- 
cation of sugar  cane cuticle wax, this medium gives 
higher and more consistent results than the method of 
Knigh t  (10), who used ethylene glycol as solvent, al- 
though both methods work equally well for  carnauba  
wax. We have altered Koonee 's  method for  the use of 
a smaller sample and for  the t i t ra t ion of free acid 
before saponification of the ester. 

Procedure. A sample of wax (0.1-0.5 g.) was dis- 
solved in 5 ml. of warm pure  toluene in a 250-ml. 
Er lenmeyer  flask, and the free acid was t i t ra ted  with 
N /2  alcoholic K O H  with phenolphthalein as an indi- 
cator. With dark  samples thymolphthalein was used. 
The alkali was added f rom a 10-ml. micro-bure t te ,  
protected against  atmospheric C02 with an Ascarite 
tube. Af ter  recording the bure t te  reading, addit ional 
alkali was added to make a total  of 5.000 ml. The 
sample was then refluxed under  an air condenser over 
a hot plate for  90 min. F i f t y  ml. of neut ra l  alcohol 
was then added and excess alkali t i t ra ted  hot with 
N/10 HC1. Blanks were run  at  the same time and the 
size of sample was taken so that  not over half  of the 
alkali was used in the saponification. 

Hydroxyl Groups 
Hydroxy l  groups have u s u a l l y  been estimated in 

waxes by  acetylat ing with acetic anhydride,  determin- 
ing the saponification numbers  of the aeetylated wax 
and of the original wax and the necessary calculation 
f rom these data. The determinat ion by  direct  acety- 
lation has not been successful with waxes because the 
mixed anhydrides formed by  reaction of the free wax 
acids and the acetic anhydr ide  are difficult to hydro- 
lyze quant i ta t ively before t i trat ion.  In  the improved 
West pyr idine-acet ie  anhydr ide  procedure  of Ogg, 
Porter ,  and Willits (16) the wax is completely pre- 
cipi tated by  the water  added to decompose the excess 
acid anhydride.  The fai lure  of this method to give 
good precision with waxes is p robab ly  due to incom- 
plete hydrolysis  of the mixed anhydrides.  In  our mod- 
ified procedure we have added water  for  hydrolysis  in 
a pyr idine solution with consequent maintenance of 
homogeneity and bet ter  results. 

Reagents. Pyridine-acetic  anhydride  was p repa red  
by  dissolving d ry  redistilled acetic anhydr ide  in 10% 
solution in d ry  redistilled pyridine.  The water-pyri-  
dine was a 10% solution of distilled water  in C. P. 
pyridine.  

Procedure. The wax (0.1-0.5 g.) was weighed into 
a 125-ml. Er lenmeyer  flask fitted with a �9 stopper. 
Two ml. of anhydr ide  reagent  were added f rom an 
automatic  pipette.  The flask was s toppered and heated 
at  100~ for  1 hr., a f t e r  first moistening the stop- 
per  with pyr id ine  to p revent  loss of anhydr ide  dur ing 
this reaction. Ten ml. of water-pyridine reagent were 
added and heat ing continued for  10 rain. Twenty- 
five ml. of 1-1 butanol- to luene solvent were added. 
Af te r  the sample was dissolved, the excess acetic acid 
was t i t ra ted  with N/2  alcoholic KOH.  The size of 
the sample was so taken tha t  not more than half  of 
the acetic anhydr ide  was consumed in the acetylation. 
The t i t ra t ion was corrected for the amount  of free 
acid in the sample, which must  be determined sep- 
arately.  Table I gives the  values obtained for some 
of the compounds  analyzed by  this method. 
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T A B L E  I 

D e t e r m i n a t i o n  of Hydroxy l  Group.s in K n o w n  Compounds  

F o u n d  t Theory  

Subs tance  Concen t r a t i on  in  
m o l e s / k i l o g r a m  

C a r n a u b a  wax  alcohols ( 12 ), p-1 .. . . . . . . . .  ~ ....... 2 .41 2 .44  a 
D o t r i a c o n t a n o l  ( 1 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ...... 2 .13 2 .14  
D i h y d r o x y s t e a r i c  acid  m.p. 94 .6  ~ C. ( 19 ) ...... 6 .24 6 .32 
B e h e n i c  ac id  ( 4 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .07  0 ,00  

a F r o m  molecu l a r  we igh t .  

Carbonyl Group 
A method for  the quant i ta t ive determinat ion of car- 

bonyl group in na tura l ly  occurring waxes has not 
been previously repor ted although ketonic compounds 
have been isolated f rom several. The most common 
procedure for  the determinat ion of this funct ional  
group is the reaction of the ketone or aldehyde with 
hydroxylamine hydrochloride to fo rm the oxime and 
hydrochloric acid. The acid is then t i t ra ted with stand- 
ard  base. The method of Bryan t  and  Smith (3),  in 
which pyr idine is used as receiver for  the acid liber- 
ated, could not be used because of interference by  the 
free wax acids with the t i tration. We have used tolu- 
ene to dissolve the wax sample and t i t ra ted  the acid 
l iberated directly with alcoholic alkali. 

Reagen t s .  H y d r o x y l a m i n e  hydrochloride reagent,  
N/2,  was p repa red  b y  dissolving NH2OH.  HC1 in abs. 
ethanol and neutral izing with alcoholic alkali to thy- 
tool blue just  before use. The reagent  should be pre- 
pared  fresh each day. 

Procedure. A sample of the wax (0.1-0.5 g.) was 
weighed into a 125-ml. Er lenmeyer  flask and dissolved 
in 5 ml. of warm toluene. A few drops of thymol blue 
solution were added and  then approximate ly  5 ml. of 
hydroxylamine hydrochloride reagent  were added f rom 
a serological pipet. The flask was warmed on a hot 
plate for  2 minutes and  the excess hydrochloric acid 
t i t ra ted  with alcoholic alkali. The flask was replaced 
on the hot plate for 30 rain. and again t i t rated.  This 
was repeated a f te r  an hour and if necessary af ter  4 
hours of heating. In  some cases it was necessary to 
heat  overnight to get complete reaction. Total amount  
of base minus the small b lank was used to calculate 
results. Table I I  gives the values obtained for  some 
of the substances analyzed. 

Acetals, ketals, iron salts (18) and peroxides (21) 
have been repor ted  to interfere  with this determina- 
tion. We have tested a number  of known compounds 
in order to extend the known specificity of the reac- 
t ion with hydroxylamine hydroehloride (see Table I I ) .  
Hydroxy l  groups and tr iple bonds do not interfere.  
Carboxyl  groups of acids unsubst i tu ted in the a-posi- 

T A B L E  I I  

D o t e r m i n a t i o n  of Carbonyl  Groups  in K n o w n  Subs tances  

Subs tance  

4 -Ke tos t ea r i c  acid  ( 6 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12 -Ke tos t ea r i c  acid  ( 6 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 -Ke tos t ea r i c  ac id  ( 6 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 
9 ,10 -Dike tos t ea  r ic  ac id  ( 9 ) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 , 1 0 - D i h y d r o x y s t e a r i c  ac id  ( 1 9 )  ... . . . . . . . . . . . . . . . .  
Lac t i c  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S tea ro l i c  acid  (9 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cholest er:r p a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F o u n d  [ Theo ry  

Concen t r a t ion  in  
m o l e s / k i l o g r a m  

3 .33  3 .35  
3 .07  3 .14 a 

. . . . . .  b . . . . . .  b 

5.29 6 .31 
0 .00  0 .00  
0 .00  0 .00  
0 .00  0 .00  
0 .22  0 .00  

a StiI1 con ta ins  6 . 3 %  12-hydroxys tea r i c  acid,  
de t e rmina t i on  and  m.p.  

h i s  too s t r ong  an  acid  to be de t e rmined .  

as shown by O H  g r o u p  

tion do not interfere.  Nei ther  do those of a-hydroxy 
acids, bu t  a-keto acids cannot  be determined by  this 
method as the carboxyl  group is so strong as to inter- 
fere with the t i t ra t ion of HC1 under  these conditions. 
Some esters do give slight reactions with the reagent  
[see Table I I  and (21)] .  This is perhaps  to be ex- 
pected as the reaction of esters with hydroxylamine in 
alkaline solution is the basis for  a quant i ta t ive  deter- 
minat ion of the ester group (7). 

There was little or no carbonyl  group in any  of the 
waxes studied in the experiments  repor ted here so the 
fract ions of the waxes were not analyzed for  this func- 
tional group. 

Mean Molecular Weights 
M o l e c u l a r  we igh t s  were determined by  the Rast  

method of freezing point  depression. Cholesteryl pal- 
mitate  and behenic acid were used to determine the 
molecular depression constants. 

Concentration Units 
For  purposes of comparison and calculations, con- 

centrat ions of all functional  groups had to be re- 
por ted  in the same units, moles per  kilogram. These 
concentrations may  readily be converted to the more 
conventional units. To convert  concentration of acid, 
ester, or hydroxyl  group to acid, ester, or hydroxyl  
number,  s imply mul t ip ly  by  56.104. Saponification 
number  is, of course, the sum of the acid and ester 
numbers.  To convert  concentration of unsa tura t ion  
to iodine number,  mul t ip ly  by  25.38. Cryoscopically 
determined mean molecular weights were reported as 
total concentrations in moles per  kilogram, of all 
compounds for  comparison and calculations. These 
can be converted to mean molecular weights by  di- 
viding into 1,000. 

Fractionation of Waxes by Molecular Distil lation 

There is a wide var ia t ion in molecular weights and 
in vapor  pressures of the constituents of waxes:  esters 
vs. hydrocarbons,  free acids, and  alcohols. Hence we 
expected tha t  there would be a great  difference in the 
chemical composition of the first and last fractions in 
the distillation of these complex mixtures.  

Beeswax and ca rnauba  wax have been successfully 
distilled in a commercial type centr i fugal  still (15). 
No analyses were run  on the f ract ions f rom these dis- 
tillations however, and there was no evidence proving 
fractionation.  

Because of the solid nature  of the waxes to be dis- 
tilled, a pot still with removable top was used in pref-  
erence to a fal l ing film still. Agitat ion of the molten 
distilland with a magnetic  s t i r rer  together with a 
device for  changing the distance between condenser 
and the bot tom of the still permit ted  distillation of 
much larger  quanti t ies than  would otherwise have 
been possible. 

Apparatus 
Two still pots were designed and constructed, one 

7 cm. in diameter  and a larger  one 12 cm. in diameter  
(F igure  1). The condensing heads could be removed 
whenever a desired fract ion had distilled and replaced 
with clean ones for  fu r the r  distillation while the first 
f rac t ion  was weighed and recovered. Brass  washers 
were made to fit bet/veen the ground surface of the 
still pot and the head so that  the distance between the 
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Fin. 1. Still pot for molecular distil lation of waxes with 
metal head, brass washers, and magnetic st irr ing bar. 

bottom of the pot and the condensing surface could 
be var ied between 1.5 and  4.5 cm. at intervals of 
0.5 cm. 

The complete distillation appara tus  is p ic tured in 
Figure  2. The still pot was heated in a Wood 's  metal  
ba th  in a non-magnetic stainless steel dish rest ing on 
a small electric heating coil insulated underneath  with 
asbestos. The coil in tu rn  rested on the base of a mag- 
netic stirrer.  The s t i r r ing bar, enclosed in glass and 
placed in the pot to stir the molten wax, was easily 
turned by  the revolving magnetic field. Tap water  
was circulated in the condensing head of the still pot. 

Fin. 2. Molecular distillation apparatus.  

The vacuum system consisted of a one-stage, oil dif- 
fusion pump  (D. P.I . ,  G-4), using a silicone diffusion 
oil (Dow-Corning 702) and a Welch Duoseal mechan- 
ical forepump.  Dry  ice t r aps  were placed between 
pumps  and between still and diffusion pump. Pi rani  
gauge filaments were placed in the system at  two 
places, between the pumps  to measure foI~epressure 
and at  the pot still to measure the ul t imate pressure. 
The joints between pot, t raps,  and pumps  were made 
with beeswax- ros in  sealing compound strengthened 

with an a luminum strip. The seal between the ground 
glass surface of the pot and the ground surfaces of 
washers was lubricated with a high vacuum silicone 
grease and gave little trouble with leakage. Ult imate 
pressure in the empty  system comple te  with washers 
was as low as 0.005 microns of mercury  (measured 
with a cold cathode ionization gauge) and  the fore- 
pressure about  two microns of mercury.  When any  
decomposition of material  in the pot was accompanied 
by evolution of gases., the forepressure rose, occasion- 
ally to as high as 30 microns. 

An inlet for  the introduction of nitrogen to tl(e 
system, which was used whenever fract ions were to be 
changed, was placed immediately above the diffusion 
pump. 

P repa ra to ry  to any distillation the solid sample was 
introduced into the pot  and the system flushed out  
with nitrogen. The hot (100~ metal  ba th  was then 
raised to melt  the sample. The s t i r rer  was s tar ted and 
the fo repump tu rned  on in termi t tent ly  to lower the 
pressure in the system slowly. This allowed the sam- 
ple to degas slowly, prevent ing spat ter ing of the wax. 
The tempera ture  was then raised and the distillation 
begun by  fu r the r  lowering the pressure with the dif- 
fusion pump.  Fract ions  were removed f rom the head 
with hot benzene. The solution was t ransfer red  to a 
tared beaker and concentrated to a 50% solution on 
the hot plate, then cooled; and the remainder  of the 
solvent was removed in a vacuum desiccator under  a 
gentle s t ream of air. This left  the wax fract ion in a 
porous condition and allowed complete removal  of all 
solvent. The distance between the condenser and the 
surface of the molten wax was kept  as close to 1.5 cm. 
as possible by  removing brass washers as the liquid 
level in the pot  went  down. 

Materials 

The ordinary  yellow beeswax of commerce was pre- 
pared  for  vacuum distillation by  melting, mixing, and 
holding it molten in a vacuum desiccator unti l  the first 
vigorous bubbl ing of escaping gases ceased. A time of 
about  two hours was required. I t  melted at  50-65~ 

Caranda wax was supplied by  Wallace Windus  of 
the Imex  Corporation. I t  was collected in the north- 
ern pa r t  of Pa r aguay  near  the P a r a g u a y  River. This 
sample had a green color and pleasant odor, m.p. 74- 
81~ 

Crude commercial candelilla wax, m.p.  60-72~ 
was supplied by  Innis  Speiden and Company.  Refined 
candelilla wax, m.p. 60-73~ was supplied by  Cornel- 
ius Products  Company .  Our icury  wax, m.p. 81-86.5 ~ 
C. was supplied by J. V. Steinte of S. C. Johnson and 
Son Inc. 

Distillation of Waxes 

Beeswax. Beeswax (10.01 g.) was placed in the 7- 
cm. still pot  and degassed a t  90~ for  20 minutes, 
when all ebullition had ceased. Fract ions  were col- 
lected as shown in Table I I I .  

F r a c t i o n s  distilling at  150 ~ C. were combined for  
analysis, as were fract ions distilling a t  250~ Con- 
stants on the result ing three fractions and on the 
s tar t ing wax are shown in Table IV. 

Caranda Wax.  Caranda wax (10.48 g.) was de- 
gassed in the 7-cm. still pot in about  40 minutes  under  
steadily increasing vacuum at 150~ Appreciable  
quantit ies of water  were given off. Fract ions were 
collected as shown in Table I I I .  Fract ions distilling 
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at 150~ were combined, those distilling at  250~ 
were combined, and the resul t ing three f ract ions and 
the original wax were analyzed as shown in Table IV.  

Candelilla Wax. Crude candelilla wax (10.106 g.) 
was degassed in the 7-cm. still pot  for  one hour a~ 
100~ An  a t t empt  was made to distil a t  100~ be- 
cause of the high content of hydrocarbons  previously 
reported in this wax (17), bu t  the rate  of distillation 
was so slow that  the t empera ture  was raised to 150~ 
and fract ions collected as shown in Table HI .  At  
250~ there was decomposition of the wax, as evi- 
denced by  a rise in pressure to 2 microns and a rise 
in the forepressure  to 30 microns�9 There was also a 

T A B L E  III 

Molecular  Dis t i l l a t ion  of Waxes 

I 
Wax  I T e m , .  I ~ . . . .  I T~m~ I W~,~ 

Beeswax 

C a r a~da  

Crude  
candeli l la  

R e f i n e d  
candeli l la  

Our i cu ry  

Fract .  

1 5 0 + 1 0  
150-~-10 
250-~10  

4 2 5 0 ~ 1 0  
R 

1 150+5 
15oW-5 
2 5 0 u  
250-~10 

5 2 5 0 ~ 1 0  
R,e; 

150-+-50 
1 5 0 ~ 1 0  

~ 1 5 0 ~ 1 0  
2 5 0 ~ 1 0  

Res. 

1 5 0 + 2  
1 & 5 - - - - 5 0  

Res . . . . . . .  

140--50 
i 150 

Res 23~7~~ 

3-0.2 
0.2 

2-0.2 
0.2 
0.2 

1-0.1 a 

a 

5-2 
2-0.5 

a 
a 

4"~" 

4 2.67~ } 
1 0.19~ 
4 5.30! ) 
5 0,34~ / 

,.. 1.48! 
10.001 

5 1.29 } 
0.17 | 
2.35 
2,37 

1 1.62 
2.49 

10.22 

2 5.34 
1 0.49 
1 ~ 0,0 c 

1A2 I 0.6~ 

.... 2~3"3~ 

~ 1.5 
20.• 
49.3 

1.477} 
0,112 

5 2,852 
.... 5.13 

111.]). 

52-67 

59-67 

57-64 

76-81 

78-81 

87.5 

60-67 

60-79 

6 0 - 6 5 . 5  
65-80 
63-70 

82-143 

80-84 
84-86 

a p r e s s u r e  here is less t han  0.1~. 

good deal of ebullition so that  most of f ract ion 4 was 
carr ied over mechanically. The distillation was there- 
fore s topped and fract ion 4 recombined with the resi- 
due when those distilling at  150~ were combined for  
analysis. Analyses of the two fract ions and the start-  
ing wax are reported in Table IV. 

Refined candelilla wax (50.0 g.) was degassed in the 
12-cm. still pot for  30 minutes. Distillation was then 
carr ied out at 150~ bu t  not at  250~ because of 
the decomposition noted previously�9 Fract ions were 
collected as shown in Table I I I .  Analyses of these and 
of the s tar t ing wax are shown in Table IV. 

Ouricury Wax. Ourieury  wax (10.0 g.) was de- 
gassed in the 7-cm. still pot at 95~ for  one hour. 
Fract ions were then distilled as shown in Table I I I .  
There was no evidence of decomposition at  150~ 
but  when the tempera ture  was raised to 250~ for  
the third fraction, the ul t imate pressure rose to 4 
microns and the forepressure rose f rom 8 to 40 mi- 
crons. Some of f ract ion 3 was carried over mechani- 
cally. Fract ions distilling at  150~ were combined 
and the result ing three fract ions and the Original wax 
analyzed as shown in Table IV. 

T A B L E  IV 

Analyses of F rac t ions  f rom Molecular  Dis t i l la t ion  of Waxes 

Wax  
f rac t ion  

l Hy- Ur~satu- Total  A c i d  Es te r  droxyl ra ted  b all  
g r o u p a  g r o u p a  g r o u p a  comps.e 

Ooncentra~ions in moles /k i logram 

B e e a w a x  . . . . . . . . . . . . .  

150 ~ .................... 
2 5 0  ~ . . . . . . . . . . . . . . . . . . . .  
Residue . . . . . . . . . . . . . . .  
Weighted  av ........ 

O a r a n d a  wax ....... 
150 ~ .................... 
250 ~ .................... 
R e s i d u e  ............... 
Weighted av ........ 

C r u d e  cande l i I l a . .  
150 ~ ..................... 
R e s i d u e  ............... 
W e i g h t e d  av ........ 

ReL candel i l la  ..... 
F rn .  1 (150 ~ ...... 
F rn .  2 (150 ~ ...... 
R e s i d u e  ............... 
Weighted  av ........ 

Our i cu ry  ............. 
150 ~ . .................... 
250 ~ .................... 
Res idue  ............... 
Weighted av ........ 

0.35 
0.83 
0.13 
0.06 
0,32 

0.09 
0.21 
0.06 
0.04 
0.08 

0.38 
0.23 
0.48 
0.32 

0.36 
0,14 
1,05 
0.45 
0,30 

0.51 
0.36 
0.28 
0,22 
0.26 

1.B2 0.27 
0.50 0.07 
1.64 0.27 

] 2.41 0.14 
] 1.43 I 0.~9 

! 0.27 I 1.81 
! 1.20 I 0.40 
[ 2,21 0.16 

1.32 0.53 

0.65 0.41 
0.05 I 0.4~ 
1.65 0.36 
0.70 I 0 .39  

--G~-I o.-;~;-8 
0.06 0.31 
0.20 0.41 
1.27 0.21 
0.56 0.27 

1.50 5.11 
0.86 0.59 
1.26 1,07 
1.81 0.70 
1.49 0.79 

0.48 
0.59 
0.37 
0.60 
0.47 

0.35 
0.75 
0,22 
0.57 
0.38 

1,33 
1.34 
1133 

0.91 
0.78 
0.85 
0.91 
0.84 

0.63 
1.36 
0.37 
0.47 
0.58 

1.96 
2.50 
2.41 
1.87 
2.11 

2.47 
1.61 
0.76 
1.36 

~VIole 
% of 

charge  d 

43.3 
48.1 

8.6 

21.6 
60.4 
19.1 

6 7 . 7  

26.1 

69.9 
3.7 

32.7 

24.9 
28.0 
24.6 

a /~u l t ip ly  by 56,104 to conver t  concentra t ion of acid, ester, or  hy- 
droxyl groupe in  moles /k i log ram to acid number ,  ester  number ,  or 
hydroxyl  number .  

bMul t ip ly  by 25.38 to conver t  to iodine  number .  
e D i v i d e  in to  1,000 to ob ta i~  mean molecular  weights ,  
aDoes not  to ta l  100% for  some waxes because of change ef a few % 

in  mean molecular  weights  on dis t i l la t ion.  

S a p o n i f i c a t i o a  o f  C a r n a u b a  W a x  

Quanti tat ive separation and determinat ion of unsa- 
ponifiable mater ial  and acids in a wax usually require 
two quanti ta t ive t ransfers  of dried materials,  one of 
dried saponification residue to e x t r a c t o r ,  the other 
f rom extraction thimble pr ior  to acidification of the 
soaps. We have used a procedure which eliminates 
the second t r ans fe r  and simplifies the acidification of 
the soaps. This is accomplished by  extract ing the un- 
saponifiable matter iM with ether in a Soxhlet extrac- 
tor  in the usual way and then replacing the boiling 
flask with one containing ether acidified with HC1. 
The HCl-ether  complex is sufficiently volatile to distil 
into the extract ing thimble where it completely acidi- 
fies the soaps, and the ether and HC1 are readily evap- 
orated f rom the acids collected. This method has the 
fu r the r  advantage of separat ion of all ether-insoluble 
material ,  such as inorganic salts, which are lef t  in the 
thimble. I t  has the disadvantage of allowing hydroxy  
acids, if present,  to esterify in the collecting flask. 

C a r n a u b a w a x  was obtained f rom S. C. Johnson and 
Son Inc. I t  was the No. 3 chalky grade. A weighed 
sample (5.0 g.) of ca rnauba  wax was saponified by  
refluxing with 1 ml. of 18.5 N N a O H  solution, 20 ml. 
absolute ethanol, and 20 ml. benzene for  20 hours�9 The 
solution was concentrated, t r ans fe r red  to an evaporat-  
ing dish with hot benzene, evaporated,  and dried com- 
pletely in a vacuum desiccator. The dried residue was 
t rans fe r red  as quant i ta t ively as possible (loss no more 
than  10 rag.) to a Soxh le t  e x t r a c t o r  thimble and 
unsaponifiable mater ial  was extracted with absolute 
ether for  100 hours. The solvent flask was then ex- 
changed for  one containing ether plus 2 ml. concen- 
t ra ted  t tC l  and extraction continued for  48 hours. 
Yields and propert ies  of the two fract ions are found 
in Table  V. 

The yields of the acids and unsaponifiable mater ial  
obtained f rom the same shipment of carnauba  wax by  
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Koonce and Brown (12, 13) are included for  compari-  
son. The lower yield of acids repor ted  by  them is 
p robab ly  due to loss in t ransfer  and acidification of 
the soaps. 

TABLE V 

Y i e l d s  a n d  P r o p e r t i e s  of  F r a c t i o n s  f r o r a  S a p o n i f i c a t i o n  o f  
C a r n a u b a  W a x  

U n s a p o n i -  
~ a r n a u b a  f l ab l e  A c i d s  

w a x  m a t e r i a l  

W e i g h t ,  g r a m s  . . . . . . . . . . . . . . . . . . . . . . . .  5 .0  2 . 5 5  2 . 5 2  
Y i e l d ,  a/~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 . 0  5 0 . 0  
Y i e l d ,  % ( 1 2 ,  13) ......................... 5 4 . 0  4 3 . 0  
M , p . ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 0 - 8 4 . 5  8 3 . 5 - 8 4 . 5  7 5 - 8 5  
A c i d  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 7  0 . 0 0  0 . 9 8  
E s t e r  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 9  0 . 0 0  1 . 8 4  
H y d r o x y l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 6 9  2 . 4 3  0 . 4 4  
T o t a l  m o l e s  a . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 , 2 9  2 . 7 3  1 . 8 1  

a C'onc. i n  n l o l e s / k g .  

C a l c u l a t i o n  of  C o m p o s i t i o n s  

The concentrations of functional  groups and mean 
molecular weights determined on the waxes and frac-  
tions f rom the molecular distillations just  described 
y~e]d a clearer picture  of the compositions of these 
waxes than  has hi therto been obtainable.  With  cer- 
ta in assumptions about  the distillation fract ions it  is 
possible to calculate compositions for  the waxes. We 
will go through these calculations and discuss the as- 
sumptions for  beeswax in detail. For  the other waxes 
the assumptions and methods of calculation are the 
same. Only the calculated compositions will be given. 

Composition of Beeswax. The analytical  constants 
for the unfrae t ionated  beeswax reported in Table I V  
show that  the sum of concentrations of acid, ester, and 
hydroxyl  groups  (0.35 plus 1.32 plus 0.27 equals 1.94 
moles per  ki logram) is about  equal to the total concen- 
tration of all compounds (1.89 moles per  k i logram).  
These constants could be exhibited b y  a mix ture  of 
acids, alcohols, and esters, or by  the same mixture  
plus equimolal quanti t ies of hydrocarbons  and bifunc- 
t ional compounds (or smaller amounts of polyfunc-  
tional compounds) .  Since both hydrocarbons and  an 
hydroxy acid (5, 8) have been isolated f rom beeswax 
by earlier investigators, the la t ter  composition would 
seem more likely, even without  consideration of our 
data  on the distilled fractions. 

The fract ion of beeswax distilling at  150~ has an 
excess of hydrocarbons,  shown b y  the fact  tha t  the 
total concentration of all compounds (2.94 moles per  
ki logram) is much g r e a t e r  than  the sum of the con- 
centrations of acid, ester, and hydroxyl  groups (0.83 
plus 0.07 plus 0.50 equals 1.40 moles per  ki logram).  
I f  we assume that  this f ract ion contains only nonfunc- 
tional compounds (hydrocarbons)  and monofunctional  
compounds (free acids, free alcohols, and simple es- 
ers),  we can calculate its composition in percentage of 
each group, with results as shown below and in Ta- 
ble VI.  

Free  acids ~ cone. of acid g roup / to ta l  cone. all com- 
poundsX100 ~ 0.83/2.94X100 ~ 28.2 mole % 

Free aleohots~eonc,  of alcohol g roup / to ta l  cone. all 
eompoundsX 100~-0.07/2.94 X 1 0 0 - -  2.4 mole % 

Esters  ~ cone. of ester g roup / to ta l  cone. all com- 
pounds}(100 ~ 0.50/2.94 X 100 ~ 17.0 mole % 

H y d r o c a r b o n s  ~ 100 - -  (% acids + % alcohols + 
% e s t e r s ) ~ 5 2 . 4  mole %. 

T A B L E  u 

C a l c u l a t e d  C o m p o s i t i o n s  of  F r a c t i o n s  f r o m  W a x e s  a n d  o f  the 
U n h y d r o l y z e d  W a x e s  

W a x  f r a c t i o n  

1 5 0  ~ B e e s w a x  . . . . . . . . . . . . . . . . . . . . . . . .  

2 5 0  ~ B e e s w a x  . . . . . . . . . . . . . . . . . . . . . . . .  
R e s i d u e  b e e s w a x  b . . . . . . . . . . . . . . . . . .  
B e e s w a x  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~t2 

�9 ~ a,o~ 

Al l  v a l u e s  in  m o l e s  % a  

54  ~ 2 2 8  1 7  I 0 I 0 I 0 0 

o t o r 1~ 01 o l  o o 81- A 

0 1  0 1  ~ 6 9  11  I 0 I 0 
0 1~ " 3 1 8 3  00 

~1  0 0 ]  0 0 o ~ o o 
45 1 L7 o o 

80 ~ 7 ~ "  o/ o I o l -  o 
~ 17 144 o !  o I o I 

2 1  ,/ ~7 1 4 | 7  8|_2A o I o 
~5 o |  oI-ZTff o o 

o .... 
/ ,  
? 1~ 8~ 44o/ o ~ * 1  ~1 

1 2 [  0 1 0  1 0 1 5 3 1  5 1 1 9  l 0 

1 5 0  ~ O a r a n d a  w a x  . . . . . . . . . . . . . . . . .  

2 5 0  ~ O a r a n d a  w a x  . . . . . . . . . . . . . . . . .  

i ~ e s i d u e  O a r a n d a  w a x  . . . . . . . . . . . .  
C a r a n d a  w a x  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5 0 0  C r u d e  c a n d e l i i l a  . . . . . . . . . . . .  
R e s i d u e  c r u d e  c a n d e l i l l a  . . . . . . . .  
( 2 r u d e  c a n d e l i l l a  w a x  . . . . . . . . . . . . .  

F r n .  I ( 1 5 0  ~  r e f .  c a n d  . . . . . . . . . .  
F r n ,  2 ( 1 5 0  ~ ) r e f .  e a n d  . . . . . . . . . .  
R e s i d u e  r e f i n e d  c a n d e l i l l a  . . . . . .  
Refined c a ~ d e l i l l a  w a x  . . . . . . . . . . .  

1 5 0  ~ O u r i c u r y  w a x  . . . . . . . . . . . . . . . .  
2 5 0  ~ O u r i c u r y  w a x  . . . . . . . . . . . . . . . .  
R e s i d u e  o u r i c u r y  w a x  a . . . . . . . . . .  
O u r i c u r y  w a x  . . . . . . . . . . . . . . . . . . . . . . . . .  

U n s a ] ) .  c a r n a u b a  w a x  . . . . . . . . . . . .  

A c i d s  c a r n a u b a  w a x  . . . . . . . . . . . . . . .  
C ' a . rnauba  w a x  . . . . . . . . . . . . . . . . . . . . . . .  

a T o t g l s  f o r  s o m e  of  t h e  w a x e s  a r e  n o t  e x a c t l y  1 0 0 %  b e c a u s e  o f  mo-  
l e c u l a r  w e i g h t  c h a n g e  of  t~ f e w  p e r  c e n t  d u r i n g  d i s t i l l a t i o n .  

b 1 3 %  T r i e s t e r ,  
c 1 %  T r i e s t e r .  
a 2 9 %  A c i d  h y d r o x y  d i e s t e r  a n d  3 8 %  h y d r o x y  t r i e s t e r .  
e L a c t o n e .  
f I n c l u d e s  2 4 %  a c i d  h y d r o x y  es tex .  
g L a c t i d e .  

The fract ion of beeswax distilling at 250~ has an 
excess of bifunctional  compounds, shown b y  the fact  
tha t  the total  concentration of all compounds (1.66 
moles per  ki logram) is less than the sum of the con- 
centrat ion o3 acid, ester, and  hydroxyl  groups (0.13 
+ 1.64 -+- 0.27 ~--- 2.04 moles per  ki logram).  I f  we as- 
sume tha t  �9 

a) the bifunetional  compounds are esters of hy- 
droxy acids with simple acids and alcohols, 

b) this f ract ion contains no nonfunct ional  com- 
pounds, t r i funct ional  compounds, or ester inade 
up of more than two monomeric units, 

c) no free hydroxy  acids are present, 

we can calculate the composition in mole percentage 
of each group as shown below and in Table VI.  

Acid esters ~ conc. of acid g roup / to ta l  cone. all 
compounds X 100 ~ 0.13/1.66 X 100 ~ 7.9 
mole % 

H y d r o x y  es te r s  ~---cone. of hydroxyl  g roup / to ta l  
conc. all compoundsX100 ~ 0.27/1.66X100 
16.4 mole % 

Simple esters -~- 100 - -  ( % acid esters + % hy- 
droxy e s t e r s ) ~  75.7 mole%. 

Likewise the composition of the residue can be cal- 
culated on the assumption tha t  i t  contains only diesters 
and t r i funct ional  compounds. 

Acid d ies t e r s~conc ,  of acid g roup / to ta l  cone. all 
compounds X 100 ~-~ 0.06/1.13 X 100 ~ 5.3 
mole % 

H y d r o x y  diesters ~--eonc. hydroxyl  g roup / to t a l  
cone. all compoundsX100 ~ -  0.14/1.13 X 100 ~ -  
12.4 mole % 
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Triester  ~---(cone. ester group - -  2 ) / ( t o t a l  cone. all 
compounds) X100 ~ (2.41 - -  2 ) / (1 .13)  X 100 
~---13.3 mole % 

Diester ~ 100 - -  ( % acid diester q- % hydroxy  
diester -j- % tr iester)  ~ -  66.7 mole %. 

The assumptions made above allow calculation of 
compositions of the fractions, and f rom them of the 
original wax, that  cannot  be fa r  f rom the t rue picture.  
In  such a mixture  the hydrocarbons would be the first 
to distil, followed by  free acids and alcohols, then es- 
ters, and finally by  acid and hydroxy  esters. I t  seems 
less than likely that  any  t r i funct ional  compounds or 
diesters would distil at  all. The presence of appre-  
ciable amounts  of free hydroxy  acids would result  in 
extensive esterifieation during the distillation. Tha t  
this esterification has not happened is demonstrated 
by  comparison of the functional  g roup  analyses of 
the original wax with the weighted average of the 
distillation fractions. The absence of any reaction 
during the distillation permits  us to combine the com- 
positions of the three fract ions to get the composition 
of the original beeswax, repor ted in Table VI.  

These data and assumptions allow the calculation 
that  the f a t ty  acids of this beeswax are 25% hydroxy  
acids, a figure which compares favorab ly  with the 
20% repor ted  by  Iku ta  (8) for  Japanese  beeswax. 

Composition of Caranda Wax. The compositions of 
the fract ion distilling at  150~ and of the residue are 
calculated in the same manner  as for beeswax. The 
f ract ion distilling a t  250~ has a lower concentration 
of ester g roup  than  of all compounds so it  mus t  in- 
clude free acids and /o r  alcohols as well as esters and 
acid esters and /o r  hydroxy  esters. This leads to a 
system of five unknowns in four  equations so we have 
a rb i t ra r i ly  selected the simplest composition to report .  

We can also calculate tha t  the f a t t y  acids of this 
caranda wax are 41% hydroxy  acids using these data 
and assumptions. 

Composition of Candelilla Wax. The analytical  data  
on fract ions f rom the two eandelilla wax distillations 
are t reated in the same manner  as discussed above to 
obtain the compositions repor ted in Table u  

Based on these data  and assumptions, the f a t ty  acids 
of the crude candelilla wax are 48% hydroxy  acids, 
those of the refined candelilla wax 17%. 

Composition of Ourdcury Wax. The fract ions f rom 
the molecular distillation of ouricury wax are t reated 
in the same way as the waxes discussed above, bu t  
because of the change in composition dur ing the dis- 
tillation, the compositions of these fract ions could not 
be combined to give the t rue  composition of the orig- 
inal wax, except for  the hydrocarbon content. We 
believe tha t  this wax contains appreciable  amounts 
of hydroxy  acids, free and combined as estolides, re- 
sulting in decomposition on distillation. 

I t  can be calculated f rom these data that  if the 
bifunctional  units of this wax are all hydroxy  acids, 
the total  acids are 81% hydroxy acids. This is con- 
sistent with Koonce 's  finding (11) that  our icury  wax 
contains only 26.8% of unsaponifiable material .  The 
high melt ing range and high unsatura t ion  of the 150 ~ 
C. f rac t ion  f rom this distillation may  be due to the 
presence of the high melt ing (205~ unsa tura ted  
eompound which Koonee isolated f rom the wax. 

Composition�9 of Ca~mauba Wa~c. The unsaponifiable 
fract ion of carnauba  wax contains 2.43 moles per  kilo: 
gram o f  hydroxyl  group (of alcohols i f  we  assume 

only monohydroxy alcohols), no acid nor ester, and 
consequently 2.73 - -  2.43 ~ 0.30 moles/kilo of hydro-  
carbons. Hence the original wax contains 0.30X0.51 

0.15 moles per  kilo of hydrocarbons.  The wax then 
contains 1 . 2 9 -  0.15 ~ 1.14 moles/kilo of mono-, di-, 
or  polyfunct ional  c o m p o u n d s .  B u t  i t  also contains 
0.69 + 0.07 + 1.39 ~ 2.15 moles/kilo of the funct ional  
groups acid, hydroxyl ,  and  ester. The simplest mix- 
ture tha t  would yield these analyt ical  results is a 
mixture  of 0.13 moles/kilo of monofunctional  com- 
pounds (acids, alcohols, esters) and 1.01 moles/kilo 
of bifunct ional  compounds (acid ester, hydroxy  ester, 
diester) .  Since the amount  of monofunct ional  com- 
pound is low and the percentage of ester group is 
high, we will f u r t he r  s impl i fy  b y  assuming all the 
monofunct ional  compound to be ester. This leads to 
the tentat ive composition for  ca rnauba  wax given in 
Table VI. 

I t  can be fu r the r  calculated that  the f a t ty  acids of 
this carnauba  wax are 60-80% hydroxy  acids, on the 
basis of the data  and assumptions used here. This is 
in agreement  with the work of Koonce and Brown 
(13) on this wax. 

The composition repor ted here for  carnauba  wax 
is more a rb i t r a ry  and hence less reliable than those 
for  the other waxes tha t  were f rac t ionated  b y  molecu- 
lar  distillation. Nevertheless we believe tha t  it comes 
closer to the t rue composition of the wax than that  
repor ted b y  W a r t h  (22). 
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Summary 
Methods for  the determinat ion of acid, ester, hy- 

droxyl, and ketone (or aldehyde) groups and of mean 
molecular  weights of small samples of na tura l  waxes 
are reported. Complete analyses can be made on 0.5 
g. of sample. A simplified procedure for quant i ta t ive 
separat ion of acid and unsaponifiable f ract ions of a 
wax is also reported.  

M o l e c u l a r  distillations of beeswax, caranda wax, 
crude and refined candelilla wax, and ourieury wax 
have f ract ionated these complex mixtures  into simpler 
ones. Hydrocarbons  and free unsubst i tu ted  alcohols 
and acids, i f  present,  distil readily at 150~ A pot 
still suitable for  convenient molecular distillation of 
u p  to 100-g. charges of waxes or other high melt ing 
materials  is described. 

A method fo r  the c a l c u l a t i o n  of c o m p o s i t i o n  of 
unhydrolyzed waxes based upon funct ion group an- 
alysis of molecular  distillation fract ions is described. 
Results of applicat ion of this method to the waxes 
distilled are repor ted  and show the ubiquitousness of 
hydroxy  acids. All of the above waxes and carnauba  
wax contain major  proport ions of esters of the hy- 
droxy acids, and none eo~tains as much as one-half 
simple esters of unsubst i tu ted acids and alcohols. 
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Factors Affecting the Stability of Crude Oils of 
16 Varieties of Peanuts 
SARA P. FORE, NELLE J. MORRIS, C. H. MACK, A. F. FREEMAN, ond W. G. BICKFORD 
Southern Regional Research Laboratory, ~ New Orleans, Louisiana 

M A R K E D  differences have been noted in the sta- 
bilities of oil of raw peanuts and roasted peanut  
products. Crawford and Hilditch summarized 

(3) information reported on composition of ground- 
nut  oils by various workers during the past 30 years. 
They called at tention to the extreme differences f rom 
about 65% to 40% in oleie acid content and from 
about 18% to nearly 40% in linoleic acid content of 
such oils and commented that  these differences .might 
be expected to influence the relative susceptibility of 
the oils to oxidative rancidity. Pickett  and Holley 
have reported (17) a greater  development of perox- 
ides in Spanish peanuts than in either Runner  or 
Virginia peanuts on aeration and heating of the nuts  
at 98~ They noted that  tocopherols and other sub- 
stances which affect the stability of vegetable oils have 
been found in peanut  oil and called attention to the 
findings of Jamieson et al. (10) tha t  oil in Spanish 
peanuts contained slightly less olein and more linolein 
than that  f rom Virginia peanuts. Higgins et al. re- 
ported (8) a wide variat ion in the linolein and olein 
contents of some selected strains of Spanish and Run- 
ner  peanuts. Examinat ion of their data shows that, 
as a group, runner  type peanuts are lower in percent- 
age of linolein than the bunch type of peanuts. 

No information has been published in which compo- 
sition and stability have been determined simultane- 
ously for  crude oils f rom known varieties of  peanuts 
for  the purpose of relating stability to composition. 
In the present  work the oils of 16 varieties of raw 
shelled peanuts, including both the bunch and runner  
types, have been analyzed for initial peroxide value 
and stability, toeopherol content, and saturated, lino- 
leie, and oleie glyceride contents in order to deter- 
mine factors that  may affect the stabili ty of crude 
peanut  oil. 

Experimental  

Analysis for Moisture and Oil Content. The mois- 
ture and oil contents of the peanuts were determined 
by method Ab 3-49 of " T h e  Official and Tentative 
Methods of the American Oil Chemists' Socie ty"  (1). 
Results are shown in Table I. 

lOne of the laboratories of the Bureau  of Agricultural and Industr ial  
Chemistry, Agricultural Research Administration, U. S. Department of 
Agriculture.  

Extraction of Oil from Peanuts. A 600-gram sam- 
ple of each variety of peanuts  with the seed coat intact 
was sliced in a Henry  slicer 2 and extracted with ca. 
1,200 ml. of commercial pentane (Skellysolve F)  2 at 
room temperature.  The extracted seeds were dried 
at room temperature,  reduced to a powder and re- 
extracted with ca. 1,200 ml. of pentane. The oil was 
freed of solvent by  heating the miscella under  vacuum 
on a steam bath and subsequently by  str ipping with 

TABLE I 

Analysis of Peanuts  

Oil 
Sample 

No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 
16 

Variety a 

Spanish 146 b 
Spanish 205 b 
Spanish P. I.  121070 b 
Spanish 18-38 b 
Spanish 13-10b 
Improved Spanish 2B b 

Virginia-Ga. Hybrid 119-24 c 
Virginia-Holland Station Runner  e 
Virginia Bunch, Large b 
Virginia Jumbo J-11-L e 
Virginia P. I. 124681 e 
Virginia-Holland Station Jumbor 

Dixie Runner  e 
Runner  230-118 c 
N. C. l~unner 56-15 e 
Runner-Ga. Hybrid 199-22-A-2 e 

Mois- 
jure 

% 
L75 
j.03 
L20 
3.13 
L08 
1.17 

r.lO 
L99 
}.79 
L14 
qO0 
L89 

L88 
1.86 
;.iO 
i.81 

As is Oven-dry 
basis basis 

5 % 4 2 51.17 
49.96 53.17 
49.74 53.03 
50.06 53.33 
50.26 53.89 
49.72 52.99 

43.22 46.52 
44:00 47.31 
46.76 50.17 
43.69 47.05 
45.71 49.15 
43.94 47.17 

49.46 52.55 
51.09 54.27 
49.04 52.23 
49.95 53.03 

a f i e l d  and handling procedures were in conformity with 
generally followed. 

b Bunch type. 
e Runner  type. 

practices 

hydrogen under  vacuum at temperatures  of not more 
than 60~ The extracted oils were stored under  hy- 
drogen in glass-stoppered bottles at --20~ 

Methods of Oil Analysis. iodine values were deter- 
mined by  the American Oil Chemists' Society's  modi- 
fication of the Wijs method (1). Thiocyanogen values 
were determined by  the method described by  Lambou 
and Dollear (12, 13). 

The percentages of olein, linolein, and saturated 
constituents expressed as gtycerides were calculated 

~The mention of ,a t rade name in this article is for identification and 
implies no endorsement or recommendation by the Department  of Agri- 
culture for the product. 


