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or when several samples are used to cover the range of 
concent ra t ion  in  samples  to be ana lyzed ;  

3. show procedure  to be followed in B. Ana lys i s  of  Da ta ,  
and  C. Example ,  when mul t ip le  samples  are  employed as 
in (2)  above;  

4. show in C. Example ,  how " a g r e e m e n t  wi th in  ( and  be- 
tween)  l a b o r a t o r i e s "  is de termined.  (Calcula t ion  of Con- 
fidence L imi t s  or  ' ' T - T e s t '  ' )  ; 

5. add,  unde r  "References," the  textbook,  ~' I n t roduc t i on  to 
S t a t i s t i c s , "  by  Dixon and  Massey .  

The S ta t i s t i cs  Commit tee  ha s  offered i ts  services to any  
technical  commi t tee  c h a i r m a n  in s e t t i ng  up a,n exper imen ta l  
des ign  for  col laborat ive work in de t e rmin ing  the  prec is ion  of 
an  ana ly t ica l  method.  T hey  will ass i s t  also in  the  ana lys i s  
of  the  ana ly t i ca l  da ta  obta ined.  
The  U n i f o r m  Metbods  Commit tee  ha s  no doubt  t h a t  m a n y  
ehanges  will be made  du r ing  fu t u r e  m o n t h s  in th is  Sect ion of 
Methods  for  "Determination of Prec i s ion  and  Accuracy  of  
Tes t  Methods .  '~ I t s  adop t ion  as a Ten ta t i ve  Method  is  
recommended.  Adopted. 
The Uni form Methods Committee has voted to re- 

quest the Fa t  Analysis Committee to explore the need 
for  methods of analysis for ni t rogen derivatives of 

f a t t y  acids and, if the need is found to exist, to take 
appropr ia te  action for the development and adoption 
of such methods as are found to be essential. 

As you can see, your  technical committees have been 
busy and their  progress repor ts  indicate tha t  in the 
fu ture  there will be continued act ivi ty in the formula- 
t ion of new, and the improvement  of present  analyti-  
cal methods. 

The Uniform Methods Committee wishes to thank 
all our technical committee chairmen and the members 
of their  committees who have made this progress 
possible. 
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Pharmaceutical-Grade Sterols from Tall Oil I 
CHARLES S. STEINER and EARLE FRITZ, Swift and Company, Chicago, Illinois 

D URING RECENT YEARS there has been an increasing 
emphasis on medical research in the field of ar- 
teriosclerosis, popular ly  known as hardening  of 

the arteries, and related disorders. Atherosclerosis, 
one fo rm of arteriosclerosis, is characterized by  the 
deposition of f a t ty  mat te r  on the inner walls of ar ter-  
ies. Atherosclerosis is the major  factor  in coronary 
a r t e ry  disease and cerebrovascular accidents, popu- 
la r ly  known as strokes. Although many  theories have 
been advanced, the mechanism of the deposition of 
this f a t ty  mat te r  is still conjecture. 

I t  is general ly agreed among the medical profession 
that  cholesterol, the predominant  sterol found in ani- 
reals, plays an impor tan t  par t  since cholesterol is a 
major  component  of atherosclerotic deposits. Evi- 
deuces have been produced which show that  persons 
with atherosclerosis and related diseases may  have a 
higher blood serum cholesterol content, known as 
hypercholesteremia,  than  those persons apparen t ly  
free of a r t e ry  disease (1). A reduction in cholesterol 
serum levels for  hypercholesteremia pat ients  appears  
desirable. However  cholesterol is a very  necessary 
ingredient  for proper  bodily functions. The body re- 
ceives its cholesterol f rom two sources. Cholesterol is 
synthesized by the body and is absorbed f rom food 
sources found in a well-balanced diet. A lowering of 
serum cholesterol level sometimes can be a t ta ined by  
strict  diet. Diet ing is undesirable for  the required 
type of diet is monotonous and unpalatable  by Ameri-  
can standards.  

An oral intake of sitosterols, sterols found in vege- 
table and f ru i t  sources, can be effective in reducing 
the level of sermn cholesterol in pat ients  with high 
cholesterol levels (2). The mechanism that  causes this 
reduction is not known. One theory uses as an explana- 
tion tha t  sitosterols interfere  with absorption of choles- 
terol, possibly by  the format ion in the intestinal  t rac t  
of a mixed crystal  of sitosterol and cholesterol whose 
solubility is considerably less than  that  of cholesterol 
alone (3, 4). Other theories of the mechanism have 

1 This  paper  won first  place in  the 1958 -59  Tall  Oil Award  of the 
Tall  Oil D iv i s io~  of tlte Pu lp  Chemicals Association.  
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been advanced. F igure  1 shows the chemical similar- 
i ty of cholesterol, betasitosterol, and dihydrositosteroI.  

A commercial p repara t ion  of sitosterols for  oral 
intake has been introduced. This prepara t ion  is a 
20% suspension of betasitosterol and dihydrositos~ 
terol. The introduct ion of this therapeut ic  agent  to 
lower serum cholesterol levels became possible when 
commercial quanti t ies of suitable sitosterols made 
f rom tall oil were offered by Swift  and Company.  
Betasitosterol, which seems to be the desired sterol 
for this application, is found widely distr ibuted in 
vegetable sources. Par t icu la r ly  good sources for beta- 
sitosterol are tall oil and  cottonseed oil. The tempo- 
sition of the sterols in these oils is 80% to. 85% beta- 
sitosterol, 15% to 20% dihydrositosterol,  and mirror 
amounts  of other sterols. 
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Sterols are concentrated in the loots in the alkali 
refining of vegetable oils. They are fu r the r  concen- 
t ra ted upon distillation of acidified loots. Still bor 
toms f rom the distillation of cottonseed loots contain 
7% to 10% total sterols. The sterol content varies 
quite widely depending upon the source, the refining, 
and distillation of the loots. 

T ALL OIL PITCH, resulting' f rom the distillation of 
crude tall oil, offers the richest source o f  beta- 

sitosterols. Product ion of crude tall oil had reached 
550,000,000 lbs. in 1955 (5) and product ion has: in- 
creased continually. Of the crude tall oil produced 
and distilled in the United States, 15% to. 25% re- 
sults in pitch. Tall oil pitch is an inexpensive com- 
modi ty  and, in general, is in oversupply.  

I t  may  be conservatively estimated that  the poten- 
tial demand for  sterols as a therapeut ic  agent  for  
atherosclerosis could reach volumes requir ing well 
over 50,00'0,000 lbs. of tall oil pitch per  year. This 
assumes widespread acceptance by the medical pro- 
fession and subsequent consumption by several mil- 
lion Americans who could derive some benefit f rom 
its use. 

T A B L E  I 

Typical  Tall  Oil P i t ch  Analys is  

C'olor ................................................................................... Black 
Acid number  ........................................................................ 65 
S~ponificet ion n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 0  
Iod ine  n u m b e r  .................................................................... 140 
l~osin ~cids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30% 
Fa t ty  acids .......................................................................... 35% 
Unsaponi f iab le  mat te r  .......................................................... 32% 
Ash ...................................................................................... 0 .05% 
Sof ten ing  po in t  ................................................................... 90~ 

A typical  analysis of tall oil pitch is shown in 
Table I. The composition of tall oil will va ry  con- 
siderably among producers.  Since the p r i m a r y  con- 
cern was for  the sterol content of tall oil pitch from 
different suppliers, samples f rom a nmnber  of sup- 
pliers were analyzed for unsaponifiable mat te r  and 
total  sterol content with resnlts as shown in Table I I .  
Sat isfactory sterols could be made f rom each of the 
several sources listed, but  yields drop with lower 
initial sterol content. 

TABLE II 

Unsaponifiable Matter ~nd Total Sterol 0ontent of 
Tail  Oil Pi tches  

Source 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Unsaponifi- 
able mat te r  

% 
32.0 
26.0 
27.3 
31.0 

Total  
sterols 

% 
16.0 
12.0 
10.5 

6.8 

The l i terature  reveals a number  of methods for  the 
recovery of sterols (6, 7, 8, 9). Essential ly these 
processes resort  to saponification of the sterol source 
and extraction of the unsaponifiable mat ter  with a 
suitable solvent. The unsaponifiable mat te r  is recov- 
ered and dissolved in another  solvent and crystallized 
therefrom. Usual ly  one or more reerystall izations are 
necessary to produce a relat ively pure  product.  Hick- 
man (10) resorted to molecular distillation for  puri-  
fication. General ly the processes disclosed were found 
to be inadequate. Sterols produced by  the foregoing 
methods do not meet the specifications, Table I I I ,  par-  
t icular ly on color and taste for pharmaceut ical -grade 
sterols. 

TABLE III 

Pharmaceu t i ca l -Grade  Tal l  Oil Sterol  
St)ecifications 

Chloroform-insoluble . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O, 1% max. 
D i r t  ............................................................................ 10 ppm. max. 
Color (opt. den. @ 400 m#) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.100 max. 
Mel t ing  po in t  .............................................................. 134 to 1 4 0 ~  

Specific ro ta t ion  ......................................................... - -25 to - -38~  
Mois turo  and  volat i le  ................................................. 2% marx. 
Ash ............................................................................. 1% max. 
H e a v y  metals ............................................................. .20 ppm. max. 
Sodium ....................................................................... 0 .1% max. 
)~Iethanol .................................................................... 0.0 ppm. 
Total  sterols a ............................................................. 95% rain. 
U n s a t u r a t e d  sterols .................................................... 85% rain. 
Taste. ......................................................................... B l a n d  
Par t ic le  size ............................................................... 1-in. diam. max. 

a By  d ig i ton in  assay. 

After  an intensive laboraWry and pilot-plant  in- 
vestigation, processing facilities to produce commer- 
cial quantit ies of pharmaceut ica l ly-pure  sterols were 
installed at Swift  and Company ' s  Technical Products  
P lan t  at t Ia inmond,  Ind.  F igure  2 shows a flow dia- 
g ram of this process (11). 
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The first step in the process, that  of fract ionat ion 
or extraction using liquid propane (Solexol process) 
(12), results in a light-colored ( ] I C  FAC)  liquid 
overhead fraction. This overhead f ract ion contains 
22% to 25% total  sterols plus higher alcohols, f a t t y  
and rosin acids, and esters of f a t t y  acids. The bot- 
toms fract ion has a r ing and ball-softening point at  
115~ and consists pr incipal ly  of the oxidized poly- 
merized components of the tall oil pitch. I t  has been 
found to have advantages  for  use in the same general 
areas that  tall oil pi tch has found application. 

To accomplish the above fraet ionat ion the tall oil 
pi tch is fed to the Solexol tower at  a ratio of 20:1, 
solvent to pitch, at a tower t empera tu re  of 180~ 
and a pressure of 680 psig. The fract ionat ion results 
in approximate ly  50% each of overhead and bottoms. 
The composition of the tall oil feed-stock may  necessi- 
ta te  changes in operat ing conditions. 

The removal  of the oxidized and polymerized com- 
ponents f rom tall oil pitch is necessary for  the pro- 
duction o.f p.harmaceutieally-pnre sterols. The omis- 
sion of the propane  fraet ionat ion results in a product  
containing unknown ingredients which impar t  unde- 
sirable color and taste to the final sterol product.  In  
addition, these unknown ingredients  inhibit  p roper  
crystal  format ion and growth. This results in impure  
sterols and lowers the rate  of production. 

The sterol content of the overhead fract ion can be 
fu r the r  increased to 30% to 35% by a conventional 
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Fro. 3. Sterols resulting from proper crystallization technique. 
200 • 

wet-refining procedure.  This step, though desirable, 
is not essential. 

Approximate ly  half  of the sterols in the overhead 
fract ion are esterified with f a t ty  acids. The next  step 
is the saponification of the overhead fract ion with 
100% excess over theoretical caustic soda in methanol. 
Two volumes of 95% methanol are used for  each vol- 
ume o~ pitch overhead. Saponification occurs in 3 
hrs. at gentle refluxing conditions. Hot  water  (160 ~ 
F.)  is slowly sprayed onto the surface of the batch 
unti l  the volume is increased by 20%. Gentle reflux- 
ing is continued for  another  2 hrs. The mixture  is 
then cooled in 2 hrs. f rom 160~ to 135~ Gentle 
agitat ion is used throughout  the saponification and 
chilling cycles. Care must  be exercised to avoid sud- 
den " s h o c k i n g "  of the batch either with cold reflux 
or with 20% water  addition. I f  this care is not exer- 
cised, some of the soft  and gummy unsaponifiable 
mat te r  other than sterols precipitates.  In  addition, 
undesirable small crystals will result. The soft 
gmnmy materiM and the small crystals cause poor 
or negligible centr i fuging and washing rates. 

Af te r  chilling, the sterols are separated by using' a 
per fora ted  basket- type of centrifuge. When  sufficient 
cake has been deposited, hot (140~ 95% methanol 
is sprayed  into the cake and is continued until  the 
effluent is colorless. Following the methanol  wash, 
the cake is sprayed with hot water  (180~ unti l  the 
p H  of the effluent is neutral .  About  100 gals. of 
methanol and 100 gals. of water  are required to. wash 
100 lbs. of sterols. 

practice, precipi tat ion of gummy mater ial  and small 
crystal  format ion result, and the resul tant  sterols are 
inadequate with regard to taste and color. The up- 
grading  of a bad batch of sterols necessitates dissolv- 
ing and recrystall izing in a solvent in which the 
sterols have an appreciably  higher solubility than in 
methanol. Figures  3 and 4 show the difference in 
appearance of sterol crystals that  result  f rom proper  
and improper  crystall ization techniques. 

Af te r  adequate washing the wet sterols are pel- 
letized by using a modified meat  grinder,  placed on 
trays,  and dried at 200~ The dried sterols are 
packaged in fiber drums with a polyethylene inner 
lining. 

The effluents f rom the centrifuge, through and in- 
cluding the methanol wash, are combined and then 
acidified. The methanol is recovered in a distillation 
column designed to produce 95% methanol overhead 
fraction. The still bottoms, excluding the water, has 
approximate ly  7-12% sterols, 25-30% other unsa- 
ponifiable matter ,  and 58-68% fa t ty  and rosin acids, 
and a color of 37 FAC. Since these tall oil acids, 
containing a high percentage of unsaponifiable mat-  
ter, are essentially free of o,xidized and polymerized 
components, they may  be distilled or used as a replace- 
ment  for low-grade f a t t y  acids. 

The commercial p lant  was designed to produce 
1,000 lbs. of sterols per  day, requir ing 11,000 lbs. of 
tall oil pi tch per  day. By-products  amount  to 5,500 
lbs. per day of Sotexol bottoms and 4,500 lbs. per  day 
of tall oil acids with high unsaponifiable matter .  
F igure  5 shows a mater ia l  balance of the process. 
Since the Solexol uni t  has  a capacity considerably 
larger  than required for the sterol plant,  the Solexol 

C ONSIDERABLE experience and skill are required in 
the sequence of operations f rom the saponifica- 

tion to the final water-washing steps. With poor 
FIG. 4. Sterols resulting from improper crystallization tech- 

nique. 200 • 
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u n i t  in  one day  can produce  a week's  s u p p l y  of feed 
mate r i a l  for  the sterol p lan t .  

TALL OIL PITCH 
"ii,oo~i~7 

(1650 LBS, $TE ROLS) 

~ NATION 

BOTTOMS OVERHEAD 
5500 LBS. 5500 LBS* 

(eT5 LB$. STEROLS) (1575 LBS. STEROLS) 

LIZATION 

STEROLS BY PRODUCT 
IOOO LBS. TALL OIL AC(OS 

4500 LBS. 
(575 LBS. STEROLS} 

FIG. 5. Material balance. 

W i t h  few except ions all  processing equ ipmen t  is 
s tainless  steel. The ac idu l a t i ng  t a n k  is Monel, a n d  
the acid and  caustic storage t anks  are black i ron.  
E v e r y  p recau t ion  is t aken  to remove d i r t  f rom the 
Solexol overhead f rac t ion,  methanol ,  caustic,  a nd  
water  used to charge the  saponif icat ion reactor.  Each  
of the charge l ines for  the above four  s t reams is 
equipped  with a filter. Once the overhead f rac t ion  
and  methano l  come in to  contact,  some of the s*erols 
drop out  of solut ion.  Removal  of d i r t  f rom this  stage 
on becomes difficult. However  magne t ic  par t ic les  are 
removed by  a magne t ic  separa tor  ins ta l led  in  the 
s l u r r y  l ine feed ing  the cent r i fuge .  

The process described above uses a low cost by-  
p roduc t  of the ta l l  oil i n d u s t r y  and  has up -g raded  
its va lue  considerably.  F r o m  tal l  oil pitch, pha rma-  

ceut ical -grade sterols have been made.  Thus  a new 
commercial  p r oduc t  has been added to the long  list  
of p roduc t s  of the ta l l  oil i ndus t r y .  Other  large uses 
for  ta l l  oil sterols nmy  develop, r e su l t ing  in  an  in-  
creased d e m a n d  for  tal l  oil pitch. Considerable  re- 
search is be ing conducted  in  steroid chemistry,  such 
as cortisone, sex hormones,  a nd  m a n y  re la ted com- 
pounds .  The s t a r t i n g  ma te r i a l  for ano the r  medical  
t r i u m p h  could be ta l l  oil sterols. 

Summary 
A process has been developed for p r o d u c i n g  phar-  

maceu t i ca l ly -pure  sterols f rom tal l  oil pitch.  The 
process consists of the p ropane  f r ae t iona t iou  of the 
pi tch,  saponif icat ion of the overhead f rac t ion  in  meth-  
anol, f r ac t iona l  crys ta l l iza t ion,  cen t r i fug ing ,  washing,  
a n d  d ry ing .  A p l a n t  to p roduce  1,000 lbs. of sterols 
per  day  was b r o u g h t  in to  operat ion.  
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(India) 17B, 279-80 (1958). A simple method of extracting 
gossypol is based on the extraction of an ethereal extract of 
cottonseed with an aqueous solution of borax, removal of 
gossypol in the form of a soluble borate complex, and regen- 
eration by treatment with acid. Pure samples, of the hexa- and 
dimethyl ethers of gossypol can be obtained by methy]ation 
with methyl sulfate and potassium carbonate in acer solu- 


