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FI(~. 5. Disassembled  sample r  for  use wi th  p las t i c  f a t  
sample  holder.  

to cut down heat radiation to or f rom the sample, 
which becomes quite a problem at times with metal 
holders. The above holder is also easily disassembled 
for cleaning. 

The sample may be i n t r o d u c e d  in to  the sample 
holder in a number  of ways. One such way is illus- 
t ra ted in Figure  5. The sampler was made from a 
cork borer of the appropriate  size fitted with a piston 
and plunger.  The piston has to be inserted from the 
cutting end because of the manner  in which the cyl- 
inder is attached to the handle of the borer. 

In using the above described sampler, the piston 
conies in contact with the top of the fat  surface being 
sampled. This is satisfactory for samples where the 
condition of the original surface is not a prerequisite. 

For  persons desirous of obtaining a sample with- 
out disturbing the original surface the following pro- 
cedure is suggested. The handle of the cork borer  
should be removed. This cylinder is then inserted 
into the fat, and the cylinder and fa t  core withdrawn 
and inverted. Insert  the piston on the cutt ing side 
of the cylinder and push out the fat  core. The first 
surface emerging will then be undis turbed and in its 
original condition. 

The assistance of Mr. Garapolo, of the Engineer- 
ing Depar tment  Exper imental  Shop, in the drawings 
and shopwork required for these units is grateful ly 
acknowledged. 

[Received J a n u a r y  5, 1950] 

Adsorption Analysis of Lipids. IV. Fractionation of 
Cholesterol and Ergosterol 1 
FRED K. KAWAHARA and HERBERT J. DUTTON, Northern Regional Research Laboratory, 
Peoria ,  I l l inois 2 

p R E V I O U S  work (1, 2, 3, 4) has indicated that  
cholesterol and ergosterol can be separated by  
chromatographic adsorption methods. In no in- 

stance however have data of pur i ty  and recovery 
been sufficiently complete to assess the efficiency of 
the adsorption analysis  technique as a practical tool 
for  the isolation of sterols. Before the complex 
problem of the analysis of soybean sterols could be 
undertaken, information concerning the efficiency of 
adsorption analysis was required. The cholesterol- 
ergosterol system was chosen as a model system p r i -  
mari ly because of availability of materials and ease 
of analysis of mixtures by physical methods. 

This paper  describes the fraetionation of choles- 
terol, ergosterol, and mixtures of the two upon col- 
umns of alumina by use of the "flowing ehroma- 
t og ram"  technique. The efficiency of fractionation 
was evaluated by  determinations of weights, melting 
points, optical rotations, and spectral ad so rp t i on  
measurements on eluted fractions. 

Materials 

Cholesterol used was of commercial grade : m.p. 146- 
148~ ; [a] 25~ ~--- --39.76 ~ The constants reported D 
in the l i terature for  pure cholesterol are as follows: 
m.p. 150-151~ ; [a ]D ~ - -39 .5  ~ (5). The cholesterol 
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purified by the procedure of Anderson (6) was also 
used: m.p. 148.5-149.5~ ; [a]~) 5 = --39.87 ~ 

Commerc ia l  ergosterol (m.p. 147-151~ [a]~) 5 ~--- 
--119.80 ~ was purified by recrystallizing twice from 
acetone, according to the method of Lamb et al. (7).  
Its spectral absorption coefficients ( a ~ - g m s . / l i t e r  1 
ems. 1) were: 31.95 at 2.710 A; 33.23 at 2,810 A; 19.48 
at 2,930 A. Its melting point  was 149-156~ and 
[ ]2~oc. __ _119.53 o. Values reported in the litera- ~tjD 

ture are:  28.38 at 2,710 N; 29.16 at 2,810 A; 16.79 
at 2,930 s (8 ) ;  m.p. 163~ [a]D --- --132 ~ (5). 

Aluminum oxide (Harshaw's  A1-2 powder a) was 
used for adsorbent and was selected for its charac- 
teristics of filtration, fractioning power, and high 
recovery of solutes. I t  is in Class V of the Brock- 
man Scale of adsorbent strengths. Petroleum ether 
(B.P. 50-60~ was purified by distillation and pas- 
sage through a silica column to remove ultra-violet 
absorbing impurities (9). 

Experimental Procedure 
Considerable exploratory work was necessary be- 

fore tile conditions of adsorption were determined. 
This survey work was, of course, complicated by the 
colorless characteristics of the sterols. Choice of the 
adsorbent was a compromise between the fractionat- 
ing power of strong adsorbents and the high recov- 
er ies:of  weaker adsorbents. Choice of solvents was 

The men~tion of this product does not imply tha~ it is endorsed or 
"recommended by the Department of Agriculture over others of a ~imiI~r 
nature not mentioned. 
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FIe,. 1 .  Adsorption analysis of cholesterol and ergosterol (com- 
mercial preparations) : Alumina, 263 gm. wet pack; cholesterol, 
0.333 gm.; ergosterol, 0.333 gin.; solvent for sample, 50 ml. of 
4% ethanol in petroleum ether; solvent for retardation, 300 ml. 
of petroleum ether; developing agent, 0.5% ethanol in petro- 
leum ether; recovery, 92%. 

limited by  their solutility for  ergosterol and their  
ultra-violet  t ransparency  as well as by  their  efficacy 
as developers. The technique of chromatography  de- 
scribed and experimental  results obtained represent  
" b e s t  r e su l t s "  of a large number  of trials. 

Alumina (285 gm.) was poured as a s lur ry  in 
petroleum ether into a glass column 4.5 cm. in diam- 
eter and 26 cm. long and was packed with the aid 
of a few centimeters of negative pressure at the base 
of the column. Samples dissolved in a mixture  of 
ethanol in petroleum ether were added to the col- 
umn when the solvent level approached the top of 
the column of adsorbent.  Af te r  the ent ry  of the 
sample solution into the column, 300 ml. of petro- 
leum ether were passed into the column to re ta rd  the 
movement  of bands and prevent  rap id  elution. D e -  
velopment  of the chromatogram was then effected 
with 0.5% purified ethanol in petroleum ether. Sol- 
vents were introduced by  means of a glass reservoir 
which permi t ted  the continuous applicat ion of pres- 
sure (0.5 p.s.i.) by  prepurif ied nitrogen (0.002% oxy- 
gen) at the top of the column. 

The rate of solvent flow under  these conditions was 
about  1 li ter per hour. Progress  of the chromatogram 
was followed by  adding approximate ly  0.2 rag. of 
carotene (90% a and 10% B) to each sample. The 
carotene served as a visible indicator of evenness of 
packing. Observation of fract ionat ion of the carotene 
into a and fl bands fu r the r  attested to the sat isfactory 
operation of the column. 

The carotene pigments  were apparen t ly  displaced 
by  the following sterols and were eluted first. The 
plots of the progress of this band on the column 
given in the figures i l lustrate the re tardat ion by  pe- 
t roleum ether and the development in 0.5% ethanol. 
In  the experiments  40-, 50-, or 80-ml. fract ions of 
percolate were collected in tared flasks. The weight 
of sterols in each fract ion was then determined af ter  
the removal of solvent i n  vacua  at room temperature .  

In  those solutions which contained ergosterol and 
could be a n a l y z e d  spee t ropho tomet r i ca l ly ,  optical 
densities were measured at wavelengths 2,710 A, 
2,810 2~, and 2,930 A pr ior  to evaporation. The con- 
centrat ion of ergosterol in the cholesterol-ergosterol 
system was calculated f rom spectrophotometric deter- 
minations. Specific rotations ( [a ]~~  and melt ing 
points were also measured in some instances. 

Results 
Results of the adsorption analysis of commercial  

prepara t ions  of ergosterol and cholesterol are shown 
in F igure  1. The t6tal weight of the fract ions (mg. 
per  sample),  the spectrophotometr ical ly-determined 
ergosterol weight per  fraction, the cholesterol weight 
per  f ract ion (total wt. minus e r g o s t e r o l  wt.) ,  and 
the specific rotations are plotted against  the volume 
of eluate. Judged  by  the optical rota t ion and ab- 
sence of ergosterol, only the first f ract ion appears  as 
pure  cholesterol. The higher specific rotations for  the 
la ter  fract ions generally confirm spectrophotometric 
data and indicate increasing amounts of ergosterol. 
The only conclusion f rom this experiment  is that  cho- 
lesterol is less s trongly adsorbed than ergosterol and 
that  fractionations ra ther  than  separations of crude 
sterol materials  are to be expected. 

Since impuri t ies  of the commercial prepara t ions  
could obscure the separations obtained, the pur i ty  of 
the commercial cholesterol was studied b y  passing it 
through an alumina column. The adsorption analysis 
of this p repara t ion  gave strong evidence of its im- 
pur i ty .  F igure  2 shows a wide var ia t ion in specific 
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Fro. 2. Adsorption analysis of cholesterol (commercial prep- 
aration) : Alumina, 276 gm. wet pack; cholesterol, 0.6665 gm.; 
solvent for sample, 50 ml. of 0.50% ethanol in petroleum ether; 
developing agent, 0.50% ethanol in petroleum ether; recovery, 
91%. 

rotat ion f rom --33.52 ~ to --55.92 ~ . The impur i ty  
may  0ccount, in part ,  for  the poor fraet ionat ion ap- 
paren t  in F igure  1. 

Adsorpt ion analysis of the purified cholesterol was 
subsequently performed.  F igure  3 shows that  the 
seemingly pure  compound as obtained by  the crys- 
tallization of the debrominated cholesterol (6) still 
contains a small amount  of impurities.  This fact  is 
evidenced by  a 7 ~ spread in specific rotat ion of the 
fractions as well as the slight variat ions in their  melt- 
ing points. 

Results of the adsorption analysis upon the com- 
mercial ergosterol p repara t ion  (Figure  4) show a 
wide var ia t ion in specific rotation f rom --101.20 ~ to 
--121.70 ~ A fu r the r  evidence of impur i ty  is shown 
by  the depar ture  of the speetrometrieal ly determined 
weight curve f rom the gravimetr ie  ~weight curve. 

The fract ionat ion of cholesterol f rom ergosterol ap- 
pears great ly  improved when the mixture  is composed 
of purified components as shown in F igure  5. The 
first two fractions of eluate are near ly  free of ergo- 
sterol as an impuri ty .  I t  is interesting to note that  
the third fraction, which contains 4.3% ergosterol in 
cholesterol, seemed to be relatively pure  according to  
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Fro. 3. Adsorption analysis of purified cholesterol: Alumina, 
307 gm. dry pack; cholesterol, 0.6661 gm. (purified); solvent 
for sample, 30 ml. of 3.3% ethanol in petroleum ether; solvent 
for retardation, 300 nil. petroleum ether; developing agent, 
0.50% ethanol in petroleum ether; recovery, 95%. 

its specific rotation. However  this amount  of impur-  
i ty has a decided effect upon its melt ing point. The  
narrow range of melt ing points and of optical rota- 
tion values found in the in i t i a l  fract ions suggest the 
presence of near ly  pure  cholesterol. In  the first three 
fractions 48.4% ,of the original cholesterol was ob- 
tained with 98% puri ty .  These were followed by  
three fract ions of intermediate composition. 

The wide range and spread of the melt ing points 
in the later  ergosterol fract ions indicate that  they 
are not characterized by  any  single entity. I t  is 
apparen t  that  in several instances the calculated 
ergosterol weight is greater  than the gravimetr ical ly  
determined weights of the respective fractions. These 
fractions therefore have higher specific absorption 
values t h a n  the value which was repor ted by  Hube r  
(8) (a~,sl~ and which was used in the present  
calculations. Three fract ions exhibiting this anomaly 
have absorption coefficients at 2,810 A of 31.61, 32.35, 
and 31.27. On the basis of these data it may  be pos- 
tulated that  v i tamin D 2 and other i r radia ted products  
may be present.  The " e r g o s t e r o l "  of the seventh and 
following fractions, calculated with H u b c r ' s  constant, 
account for  64.9% of the ergosterol originally placed 
on the column. 

D i s c u s s i o n  

Adsorpt ion analysis has been shown to be of value 
in determining the pu r i ty  of sterol preparat ions.  A1- 
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Fro. 4. Adsorption analysis of ergosterol (commercial prep- 
aration): Alumina, 290 gm. wet pack; ergosterol, 0.6295 gm.; 
solvent for sample, 100 ml. of 6% ethanol in petroleum ether; 
solvent for retardation, 460 ml. of petroleum ether; developing 
agent, 0.75% ethanol iu petroleum ether; recovery, 95%. 

though the cholesterol obtained by  recrystallization 
of the debrominated products  gives indications of a 
pure product  by  reference to its melt ing point and 
specific rotation, the fract ions obtained by  absorp- 
tion analysis exhibit  slight var ia t ion in their  melt ing 
points and specific rotations. Fur the rmore  it has been 
shown that  the use of one physical proper ty ,  such as 
optical rotation, is not an adequate cri terion for  judg- 
ing puri ty .  When ergosterol comprises a minor con- 
taminant  of cholesterol, optical density data are nec- 
essary to establish its presence. Although this work 
indicates the improbabi l i ty  of a complete separation 
of the two compounds, adsorption analysis has been 
sufficiently effective that  small fractions of " p u r e "  
cholesterol and ergosterol can be obtained. 
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FIG. 5. Adsorption analysis of  "purified" cholesterol, and 
"purified" ergosterol: Alumina, 285 gm. wet pack; purified 
cholesterol, 0.3123 gm.;purified ergosterol, 0.3112 gm.; solvent 
for sample, 79 ml. of 6.3% ethanol in petroleum ether; solvent 
for retardation, 300 ml. of petroleum ether; developing agent, 
0.55% ethanol in petroleum ether; recovery, 98%. 

F rom the shape of the elution curves it appears  
that  a displacement type of adsorption analysis (10) 
characterizes the fract ionation of sterols, The mole- 
cules forming the cholesterol band are  closely fol- 
lowed by  ergosterol molecules dur ing the progress of 
development and appear  to be displaced by  them. I f  
displacement is occurring, a complete separat ion evi- 
denced by  two major  peaks in the weight curve can- 
not  be expected. Since adsorption analysis is more 
an ar t  than a science, the possibility remains that  
be t ter  separations may  be achieved af ter  fu r the r  in- 
vestigation with various adsorbent  and solvent com- 
binations. 

Although separat ion of sterols in na tura l ly  occur- 
r ing mixtures  presents a difficult p rob lem,  adsorption 
analysis should  constitute a useful tool for fraction- 
ation, even with its apparen t  limitations. 

S u m m a r y  

The adsorption analysis of the cholesterol-ergosterol 
system has been studied. Since purified cho les t e ro l  
and ergosterol were shown to be mult i-component by  
adsorption analysis on alumina, calculation of the de- 
gree of separat ion of their  mixture  involves certain 
approximations.  Of the cholesterol originally placed 
on the column, it was calculated that  48.4% was re- 
covered with a pur i ty  of 98%. Ergosterol  recovered 
in the later  fract ions had a calculated pu r i ty  of 97% 
and represented 64.9% of the ergosterol originally 
placed on the column. 
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Comparison of the Whole Fruit and Component Methods of 
Analysis of Tung Fruit 
FRANK C. PACK, RAIFORD L. HOLMES, and ROBERT S. McKINNEY, U. S. Tung Oil 
Laboratory) Bogalusa, Louisiana 

T t I E  estimation of oil in tung by  grinding the 
whole f r u i t  was described by  McKinney, Hal-  
brook, and Agee in 1948 (1, 2). This method 

was adopted by  the Commodity Credit  Corporat ion 
as the official method of analysis in its price suppor t  
for  the 1947 crop. F u r t h e r  comparisons between the 
whole f ru i t  and the so-called component method in 
which the hull- and shell-free kernels are analyzed 
for  oil were contained in a repor t  of the Subcommit-  
tee on Tung  F ru i t  and Meal Analysis of the Ameri-  
can" Oil Chemists '  Society in 1948 (3). The most 
recent repor t  of this committee is given elsewhere in 
this journal.  No data have been previously repor ted 
for  the effects of moisture content and fineness of 
gr inding in the whole f ru i t  method of analysis. The 
present  re'port contains the results of a comparison 
of the two methods which were obtained in the same 
laboratory,  using different portions of the same sam- 
ples of tung fruit .  The samples were chosen to cover 
a wide range in the contents of moisture and oil. 

In  the whole f ru i t  method the sample was first 
ground in a Wiley 2 mill equipped with a quar ter  
inch screen, thoroughly mixed, and an aliquot of 
about  a pint  was reground in a Bauer  labora tory  
mill with the plates set close enough to give a fine 
meal. Since moisture is lost dur ing the fine grinding, 
it was necessary to determine the moisture content 
of the sample before and af ter  gr inding so that  the 
results could be calculated to the original moisture 
basis. Moisture was determined on five-gram samples 
by drying them in a vacuum oven for  21/2 hours at 
104~ The oil content was determined by  extract ing 
five grams of the finely ground sample with petro- 
leum naphtha  (Skelly F )  in a But t  extract ion tube 
for  four  hours. 

Because of the extrusion of oil, kernels and seeds 
cannot  be ground finely enough in a Bauer  labora- 
tory  mill for  eomplete extraction of the oil. Samples 
ground coarsely enough to avoid extrusion of oil can 
be analyzed af ter  regr inding the par t ia l ly  extracted 
sample with sand in a mortar ,  bu t  particles of shell 
hi the sample interfere with the proper  rcgr inding of 
the sample. 

10n~  of the  laborator ies  of the  B u r e a u  of A g r i c u l t u r a l  and  I n d u s t r i a l  
Chemistry,  A g r i c u l t u r a l  Resea rch  Adminis t ra t ion ,  U.  S. D e p a r t m e n t  of 
Agr icu l tu re .  

2The  specification by firm n a m e  of equ ipment  and  special r e agen t s  
used  th roughou t  this ar t ic le  is for  identification purposes  and  implies 
no endor semen t  of the  manufa .c tu re r  or  p roduc t  ment ioned .  

The samples analyzed by  the component  method 
were weighed; the kernels were separated f rom all 
hulls and shells; and all hulls and shells were col- 
lected and dried to constant weight;  care was taken 
not to lose any  particles. The cleaned kernels were 
then weighed, ground, and analyzed for  oil and mois- 
ture content as described for  the whole f ru i t  method, 
except tha t  a f te r  extraction for four  hours the par-  
t ially extracted kernels were  ground for  five minutes 
with mor ta r  and pestle and then extracted for  two 
additional hours. The percentage of oil in the f ru i t  
was calculated f rom the total  weight of sample, and 
the weight and percentage of oil in the kernels. The 
percentage of moisture was calculated f rom the total  
wet weight and the total dry  weight of sample. 

In  both methods the bulk of the solvent in the mi- 
cella was removed rapid ly  on a steam bath. Thi r ty  
minutes in a vacuum oven heated to 100~ served 
to remove any  res idual  solvent. 

T A B L E  I 

Ferce~ltage of Oil Ex t r ac t ed  F r o m  T u n g  F r u i t  as  a Func t ion  of 
l~ ineness  of Gr ind ing  and  Mois ture  Content.  

Culculated to Dry Basis  

Mois ture  
S~mple content ,  

No. % 

1 7.9 
2 7.8 
3 9.0 
4 8.4 
5 40.4 
6 9.3 
7 8.4 
8 17.0 

Dis tance  be tween plates, inch 

0.004 0.008 0.012 0.020 

~ l  ~ - i  .......--i . . . . . . . .  

26.50 I 26.49 J ........ I ........ 
25.56 I 25.65 25.55 I 24.81 
26.23 [ 25.68 I 26.10 I 25.64 
24.23 I 24.16 24.07 I 23.46 
24.60 I 23.78 I 24 .64  I 23.56 
25.24 I 24.79 [ 24.62 I ........ 
23.99 I 23.67 [ 23.56 I ........ 

The complete extract ion of oil f rom ground tung 
kernels is known to be difficult (5), and in order to 
be certain that  substant ial ly all of the oil is extracted 
when using the component  method it is necessary to 
in te r rup t  the extraction and thoroughly regr ind the 
par t ia l ly  extracted kernels with mor ta r  and pestle. 
However  presence of hull  and shell particles pre- 
cludes effective regrinding in a mor ta r  a f ter  par t ia l  
extraction of the oil in the whole f ru i t  method. Fo r  
this reason the effect of fineness of gr inding on the 
amount  of petroleum naphtha-extractable  mater ial  in 
the ground whole f ru i t  is very important .  

The effect of fineness of gr inding on the amount  of 
oil extracted f rom whole f ru i t  is shown in Table I. 
Reference to this table shows that  there are no dif- 


