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classification of mater ia l  while filling or on account 
of differences between seed lots in the amount  of lint, 
chaff, and debris. In  some instances it may  be desir- 
able to determine the permeabi l i ty  of a specific seed- 
pile. In  this ease the "Permeab i l i t y  P r o b e "  devised 
dur ing this investigation can be used to measure the 
permeabi l i ty  in si tu quickly and easily. 

Actual  solution of Darey ' s  equation can be rela- 
t ively simple, as shown in the example presented, or 
it can be quite difficult when a geometric " S h a p e  
F a c t o r "  needs to be obtained. I t  may  be desirable to 
use an electrical analogue as described in this paper  

to determine the Shape Factor.  An analogue also 
permits  flow pat terns  to be established. 

The analogue technique for  sol,ring Darcy ' s  equa- 
tion and the development of the Pemneabil i ty Probe 
should be helpful  in the design of aeration systems 
for  many  commodities other than cottonseed. 
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A crys ta l l ine  ha logen  con ta in ing  ma te r i a l  p roduc ing  chick 
edema s y m p t o m s  a t  0.1 p a r t  per  mil l ion in the diet has  been 
isolated f r m n  a sampie  of t r ioleiu  which was toxic to monkeys .  
This  ma te r i a l  is s imilar  to tha t  repor ted  by H a n n a n  et al. (4) 
bu t  differs somewhat  in  u l t ravio le t  spect ra l  proper t ies .  

I 
X a sY~ueoswh~ on the ehiek edema disease in Octo- 

ber, 1958, several laboratories (1,2,3) presented 
reports  on their  progress toward the isolation and 

elucidation of the toxic factor  responsible for  the 
occurrence of this unusual  syndrome. I t  was estab- 
lished that  the disease is caused by a toxic fac tor  in 
the unsaponifiable fract ion of a f a t t y  by-product  of 
industr ial  stearic and oleie acid manufac tu r ing  oper- 
ations, and it  was fu r the r  suggested that  the factor  
might  possess a polynuelear  or steroidal structure.  A 
note, la ter  published as an addendum to the contri- 
bution f rom this labora tory  (2), repor ted that  the 
toxic factor  was associated with eluates f rom alumina 
and "s i lane- t rea ted  Cel i te"  chromatographic  eolmnns 
which exhibited the ul traviolet  absorption spectra of 
polysubst i tuted naphthalenes (X~,a~ at 236 mt*, second- 
a ry  AMa= at  286 and 296 mtQ. Neighboring cuts f rom 
these chromatograms showed the characterist ic spec- 
t ra  of phenanthrene  derivatives (AM,~ at 259, 282, 292, 
300 mt~) and of simpler naphthalene derivatives (AS~a_~ 
228--233 m/~, secondary X~la~ 270-280 m/x). 

Subsequent purification of substances that  had an 
absorption peak at  236 m~ demonstrated that  they 
were not the most toxic fract ions in our materials.  
Fu r the rmore  our computat ions showed that  the toxic 
factor  must  be potent  when present  in the diet at levels 
of a f ract ion of one pa r t  per  million. Recently H a t -  
man et al. (4) have reported the isolation of the chick 
edema factor  in crystall ine form f rom a feed-grade 
tallow. Their  substance was toxic to ehiekens at 0.1 
p.p.m, in the diet and had an ultraviolet  absorption 
spect rum with a major  peak at  244 mt~, a lesser peak 
at  312 m~, and a shoulder at  238 m/,. A pr ivate  com- 
municat ion f rom Tishler of the same laboratory  (5) 
disclosed tha t  the crystalline substance contains chlo- 
rine to the extent of about 47%. 

Ames et al. (6) have observed the presence of the 
toxic factor  in some commercial  oleie acids. We have 
studied a sample of triolein which had been an in- 
gredient  in a series of d ie tary  t reatments  involving 
changes in the level and types of fats  to which a 
group of Cebus monkeys had been subjected. 

The following summary  of experimental  results rel- 
t i re  to these monkeys was received f rom O. W. Port-  
man and S. B. Andrus  of the Depar tment  of Nutri-  
tion, H a r v a r d  School of Public Health.  

Of a g roup  of n ine  mmlkeys  t ha t  received this  t r iolein  in 
thei r  diets  a t  a level of  25% by  weight ,  one died at  one m o n t h  
and  fou r  a t  three  months .  A f t e r  three  m o n t h s  on the t r iolein 
diet  corn oil was subs t i t u t ed  for  the  triolein. The other  fou r  
monkeys  died f rom three  weeks to five m o n t h s  la te r  even though  
tr iolein had  been d iscont inued  and  replaced by  t o n i  oil. Of  
14 monkeys  in the  colony tha t  did no t  receive t r iolein b u t  were 
suppl ied  other  f a t s  and  oils at 25% of the  diet  by  weight ,  there  
was only one spon taneous  death .  E i g h t  of  the  n ine  monkeys  
fed  tr iolein were au tops ied  and  showed the fol lowing f indings :  
j aund ice  (4 ,8? ) ;  pancrea t i c  a t r o p h y  and  fibrosis ( 6 ) ;  hemo- 
siderosis  ( 6 ) ;  f a t t y  liver ( 5 ) ;  bile duc t  p ro l i f e ra t ion  ( 3 ) ;  
ex t r amedu l l a ry  ery thropoies is  (3)  ; necrosis  of  liver (2) ; gross  
hemor rhage  in ga s t ro in t e s t i na l  t r ae t  (2) ; and  e ry th roey tophago-  
cytosis  (1) .  Several  f ea tu re s  inc lud ing  marked  anemia  in  sev- 
eral i n s t ances  sugges t ed  the  poss ib i l i ty  o f  a hemolyt ic  process.  
Panc rea t i c  changes  were mos t  p ronounced  in the two monkeys  
t ha t  survived longes t  (seven to n ine  m o n t h s  f rom the b e g i n n i n g  
of  t r iolein f e ed ing ) .  The sever i ty  os the  lesions in the  panc reas  
was un re l a t ed  to t h a t  of  the  hepa t i c  changes .  Wi th  the  excep- 
t ion of f a t t y  changes  in the  liver, the  above f indings have  no t  
been reproduced  in ra ts .  These  observa t ions  are  f r om an  experi- 
men t  not  des igned  to s t udy  a toxic  principle,  and  i t  would be 
unwise  to d raw firm conclusions wi th  respect  to the  toxici ty  of  
the  t r iolein f r o m  these  l imi ted  data .  

The fact  that,  in our laboratory,  marked symp- 
toms of chick edema disease were produced by  this 
sample of triolein suggests the possibility that  the 
chick edema factor  may  have been responsible for the 
toxic effects noted in the triolein-fed monkeys. 

We now wish to repor t  the isolation of a highly 
toxic crystall ine substance f rom this triolein and to 
describe its properties.  
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Experimental 
The triolein sample was of excellent quality, with 

an unsaponifiable content of 0.87% and a steroidal 
hydrocarbon (1) absorbance of 0.07. Only 0.01% of 
oxirane oxygen (epoxide) was detected. Examina-  
tion of the f a t t y  acids as the ethyl esters by  gas 
chromatography  showed that  oleie acid constituted 
70.9% of the total  acids with 3.6% linoleic, 0.3~ 7, 
linolenie, 13% palmitoleie, 9.4% palmit ic  and shorter- 
chain f a t ty  acids, and 1.8% of a C~z f a t ty  acid con- 
ta ining one double bond (by inference f rom relative 
retention t ime) .  Urea filtrate f a t ty  acids were pres- 
ent to the extent of 4.73% (6).  

When fed to chicks at a level of 15% in the diet, 
the triolein produced the symptoms of chick edema 
disease with a severity approximate ly  equivalent to 
that  observed with a diet containing the toxic fa t ty  
product  used in our original studies (2) at the 5(~ 
level. The unsaponifiable fract ion of the triolein was 
propor t ionate ly  richer in the toxic factor  than any 
other materials  available to us. 

The toxic factor  in 17.6 kg. of triolein was concen- 
t ra ted  by  molecular distillation under  pressures of 
10-20 microns at tempera tures  up to 200~ The 
distillate (289 g.), which contained all of the toxic 
factor, was saponified, and 166 g. of unsaponifiable 
mater ia l  were recovered. The port ion soluble in petro- 
leum ether (155 g.), was chromatographed on 3 kg. 
of Fisher  Alumina  A 540 in a 4-ft. x 31~-in. column. 
using petroleum ether as eluent. Two-liter fract ious 
were collected, and substances with the absorption 
spectra of naphthalene and phenanthrene derivatives 
were eluted in fract ions 6-15. The bulk of the ma- 
terial  containing cholestadiene and related hydrocar-  
bons (129 g.) was eluted in the first three cuts, and 
the remainder  was recovered by the use of more polar 
solvents. These foreruns  and railings were devoid of 
potency in the chick edema test. 

Fract ions  6 to 15 were combined (668 mg.) and 
chromatographed on 2,500 g. of the more retentive 
Merck Alumina  No. 71707. No mater ial  was eluted 
with petroleum ether. Foreruns  were eluted with 
1 -2% ethyl ether in petroleum ether, and fract ions 
exhibiting the spectra of naphthalene and phenan- 
threne derivatives (239 mg.) were obtained when 5 ~  
ethyl ether in petroleum ether was employed as elu- 
ent. This mater ia l  was again chromatogTaphed on 
Merck alumina,  using 250 g. in a 42 x 4.5-cm. tube. 
Several fract ions which eluted with 5% ethyl ether 
in petroleum ether exhibited an absorption maximum 
near  245 mt~ as well as the peaks previously observed 
at 234-236 m~ and 255-260 mt~. These fractions were 
combined, and the eluted mater ia l  was part i t ioned 
on 5 g. of silane-treated Celite, by reverse-phase chro- 
matography,  using 4 ml. of iso-oetane in the inmmbile 
phase, and 80'% alcohol sa tura ted  with iso-octane as 
the mobile solvent. 

Fract ions  exhibiting max imum absorption at 245 
mm but  not at 235 m~ or 255 mt~, were combined for 
two fu r the r  chromatographic  purifications on alu- 
mina. Merck a lumina was deactivated with 3% its 
weight of water,  and the rat ios of a lumina to sample 
and column size were 2,000:1 in a 25 x 1-cm. tube and 
25,000:1 in a 25 x 2-cm. tube, respectively. Iso-octane, 
redistilled and chromatographed over silica gel, was 
employed as eluent, and fract ions were again moni- 
tored by ultraviolet  spectral  absorbance. Fract ions  
devoid of inflections at 235 and 255 m~ were combined 

and evaporated to dryness. The solid residue was dis- 
solved in a small volume of boiling iso-octane and 
stored over-night in the refr igerator .  White  crystals 
weighing 2.64 rag. were obtained. 

The ultraviolet  absorption spect rum of the crystal~ 
dissolved in iso-octane was characterized by maxima 
at 245 mt~ (E~[,~,,=718) and 300 mu ( E ~ 2 = 8 0 )  
and inflections at 240 mr* (E~]?,,. = 655) and 310 m~ 
(E'1~2, = 76). The substance sublimed on the hot stage 
about 239~ The inf rared  absorption spectrum of 
the substance, incorporated into a potassium bromide 
disc, showed evidence of aliphatic and aromatic  link- 
ages but no bands eharactcristic of oxygen or nitrogen 
functions. 

The reported presence of chlorine in the toxic sub- 
stance isolated by the Merck group (5) prompted a 
Beilstein test, which showed the presence of halogen. 
The presence of halogen in the crystalline material  
being reported here was confirmed by examination in 
a nficrocoulometric gas chromatograph.  1 ( In  this in- 
s t rument  the sample is f ract ionated by gas-liquid 
chromatography,  and, as they are eluted f rom the 
column, the components are pyrolyzed at 800~ un- 
der oxidizing conditions. The halogen acid formed 
from halogenated materials  is t i t ra ted in a nficro- 
coulometer.) 

In  the chick bioassay the substance, when fed at 
e<t. 1 p.p.m, in the diet, produced severe hydroperi-  
cardimn, hydroper i toncmn,  and liver damage, with 
death occurring within 12 days. At  0.1 p.p.m, in the 
diet marked hydroper ieard imn was evident at au- 
topsy af ter  a three-week feeding period. 

The isolation of the toxic substance had been com- 
plicated by the presence of another  material  with an 
absorption max imum at 248 mt~. This second sub- 
stance was isolated by  the same techniques of chro- 
matography,  nlonitored by ultraviolet  spectrophotom- 
ctry, and a yield of white crystals  was obtained. The 
ultraviolet  spect rum of this material  was identical 
with that  of the toxic substance except that  it was 
shifted 3 mg so that  the major  absorption peak was 
at 248 m~,. I t  behaved similarly to the toxic substance 
in the microcoulometrie gas chromatograph,  showing 
a similar retention time and a similar halogen content. 
However  it was completely inactive in the chick edema 
test when fed at 1 p.p.m, in the diet. 

In  order to obtain addit ional crystalline material  
the port ion remaining f rom nondestructive testing, 
fortified with the adjacent  fractions f rom the final 
chromatography  (of high potency, judging from the 
ultraviolet  spect rmn) ,  was fu r the r  ehromatographed 
according to the previous isolation scheme. Small 
quantit ies of phenanthrene derivatives were separated 
with a consequent dinfinution in the ultraviolet  ab- 
sorption in the 250-300 ln~ region. Fur thermore ,  al- 
though there was no indication of nonhomogeneity by 
paper  chromatography,  the ratio of absorbances of the 
shoulder at 240 mt~ to the peak at 245 varied from 
fract ion to fraction, suggesting the presence of an 
addit ional component. 

The extinction values repor ted above may  be in 
error  because of inaccuracies in weighing on account 
of the difficulties in handl ing the small amount  of' 
mater ial  involved. There is no doubt however of thr, 
val idi ty  of the relative absorbancies at various wave- 
lengths. The speet rmn of the substance reported here 

x nohrmann Manufacturing Company, Palo Alto, Calif. 



62 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 38 

differs somewhat from that  reported by Herman  et al. 
(4), par t icular ly in the ratio of the absorbance at the 
maximum (244 or 245 mt~) to the absorbance at the 
inflection at 238 or 240 m~. 

Discussion 

The toxic substance which we have isolated from 
triolein resembles that  recovered by Harman  et al. 
(4) f rom animal feed tallows. However the diverg- 
ences in their properties suggest either that we are 
dealing with two different but closely related cola- 
pounds, or that  one or both of the preparations is still 
a mixture of related compounds despite the fact  that 
only a single spot could be obtained on paper chro- 
matography in a number of solvent systems. In  view 
of the manifest difficulties involved in isolating a pure 
compound in minute quantities f rom a myriad of sub- 
stances with similar properties it would be hazardous, 
as Ha rman  warns, to infer chemical structures from 
spectral data. Nevertheless it should be pointed out 
that the spectra obtained by us and by Harman  et al. 
are strongly reminiscent of those exhibited by highly 
substituted naphthalenes (7). Fur thermore  the toxic 
factor occurs in association with a bewildering ar ray  
of aromatic naphthalene and phenanthrene deriva- 
tives, as we have previously noted (2). The detection 
of chlorine in large proportions in a toxic prepara- 
tion, and the ultraviolet spectrum observed, suggest a 
possible relationship with chlorinated naphthalenes. 
Pentachloronaphthalene possesses an absorption maxi- 
mum at 243 mr* and a secondary maximum at 312 mt~ 
(8), and it has been shown to cause hyperkeratosis in 
cattle (9) and several other species of animals includ- 
ing chickens (10). Other chlorinated naphthalenes 
also are toxic (11). 

The possibility that  the chick edema factor is a 
chlorinated naphthalene derivative cannot be ignored. 
Samples of tetrachloronaphthalene and hexachloro- 
naphthalene, kindly provided by Engel and Bell of 
the Virginia Polytechnic Institute, who had demon- 
strated that these compounds could produce hyper- 
keratosis in cattle, were without effect in the chick 
edema test. Fur thermore  these compounds, despite 
the similarity of their ultraviolet spectra and their 
c h r o m a t o g r a p h i c  behav ior  to the toxic  subs tance ,  
showed considerable difference in the microcoulomet- 

ric gas chromatograph. For  instance, the chlorinated 
pesticides, aldrin and heptachlor, showed retention 
times of 10 rain., tetraehloronaphthelene 9 rain., and 
hexachloronaphthalene 14 min., whereas the toxic sub- 
stance, as well as its inactive analogue with the ab- 
sorption maximum at 248 m~, had retention times of 
37-38 min. I t  is tempting to speculate that the greater 
retention-time of the toxic material is related to a 
greater molecular weight or to a substituent conferring 
different solubility and polari ty properties. 

We are continuiug our studies toward the isolation 
of the toxic factor. I t  is necessary that  the chemical 
nature of this substance be elucidated to make possible 
a rapid chemical test for its detection, to clarify its 
origin, to verify the suggestion of its severe toxicity 
to primates, and to s tudy its action in other species. 
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Determination of the Glyceride Structure of Fats 
C.G. YOUNGS, Prairie Regional Laboratory, National Research Council, Saskatoon, Saskatchewan, Canada 

A method has been described for the quantitative determi- 
nation of the following six glyceride types in fats: SSS, SSU, 
SUS, SUU, USU, and UUU. The method involved a quantita- 
tive oxidation of the unsaturated acids in the whole fat to the 
corresponding dicarboxylie acids. The oxidized fat was sep- 
arated on a liquid-liquid partition column into two fractions, 
the first containing glycerides having no dicarboxylie acid or 
one dicarboxylic acid and the second containing glycerides 
with two or three dicarboxylie acids. Analysis of these free- 
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tions by gas chromatography coupled with llpase hydrolysis 
allowed the calculation of the proportions of the above six 
glyceride types. 

The oxidation, fractionation, lipase hydrolysis, gas chroma- 
tographic analysis, and the over-all method were checked on 
natural fats and mixtures of synthetic g]ycerides. The final 
glyceride composition appeared to be reliable to within plus or 
minus 2 unit per cent. 

Analyses are given for five natural fats. The compositions 
found agree very well with those calculated by a distribution 
theory recently proposed by Vander WaL 


