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saturated acids of the same chain length (6). Such 
monoenoic acids are absent from Zelkova oil, as shown 
by the iodine values of zero or nearly zero for frac- 
tions 1-9 (Table I ) .  The saturated acids of Zelkova 
arc near ly  all Cs--C12 while the unsaturated acids 
apparent ly  occur entirely in the Cls ehain length. 
This finding lends support  to the view of Hildi teh (7) 
that saturated and unsaturated acids are formed in 
the plant by separate mechanisms. 

Summary 
Seeds of the tree Zellcova serrata, family Ulmaceae, 

were found to contain 21.7% of glyeeride oil having 
iodine value 12.9, saponification value 292, and glyc- 
erol yield 13.6%. The oil was converted to methyl 
esters and examined by gas chromatography, followed 
by fractional distillation of the esters and identifica- 
tion of the individual acids. The percentage eomposi- 

tion of the acids is estimated as follows: caprylie 8, 
eapric 73, laurie 3, myristic 1, pahnitic 2, stearie 1, 
oleic 3, linoleic 3, undetermined 6. The content of 
eapric acid is higher than has been found in any nat- 
ural  oil or fat. Comparing it with other genera of 
Ulmaeeae, the oil of Zelkova is seen to resemble closely 
that  of Ulmus sp. but  to be quite different f rom the 
oils of Celtis and Trema. 
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Labelling Fatty Acids by Exposure 

I. Saturated Methyl Esters 

to Tritium Gas. 

R. F. NYSTROM, Radiocarbon Laboratory, University of Illinois, Urbana, and L. H. MASON, E. P. JONES, and 
H. J. DUTTON, Northern Utilization Research and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture, Peoria, Illinois 

A IMPLE PROCESS for the labelling of organic com- 
pounds by exposure to t r i t ium gas has been 
described by Wilzbach (4) ; it has been applied 

to a var ie ty  of compounds including n-heptane and 
other hydrocarbons (5). While the t r i t imn incorpo- 
rated iu these aliphatie compounds was not labile, 
the production of radiat ion decomposition products 
necessitated the application of rigorous purification 
procedures to obtain the desired substituted hydro- 
carbons. No attempts have been reported to date in 
which fa t ty  acids have been labelled by the gas-ex- 
posure technique. 2 

The present paper  describes the application of this 
procedure to the labelling of methyl esters of satu- 
rated fa t ty  acids in which the anticipated substitu- 
tion of hydrogen by t r i t ium is found to take place. 
More complicated reactions, pr incipal ly addition, oc- 
cur in the labelling of unsaturated fa t ty  methyl 
esters and will be the subject of a subsequent paper. 

Experimental 
a) Methyl esters of stearie and palmitic acids were 

obtained from the Horme] Institute. Methyl ]aurate 
and methyl myristate were prepared from coconut oil 
and separated by distillation through a Podbielniak 
13-ram. diameter column with 4 ft. of " H e l i g r i d "  
packing. 3 

b) Irradiat ions on gram amounts of methyl esters 
of palmitic and stearie acids were earried out at room 
temperature  in the solid state, deposited as thin lay- 

1 Presented at fall meeting, American Oil Chemists' Society, Chicago, 
nl., October 20-22, 1958. 

2 ]~osenthal and Kritehevsky in a publication of the t~adiatiou Labo- 
ratory (UCl%L-1331) report the production of tritias stearic acid 
through a catalyzed exchange reaction with tritiated water. 

a l~[entio~ of commercial equipment or products does not constitute 
endorsemecnt by the U. S. Del~artment of Agricultur~ over those of other 
manufacturers.  

ers by solvent evaporation on the inside walls of a 
1 • 10-era. reaction tube, using a source of approxi- 
mately 1 curie. 

Methyl laurate and methyl  myristate are liquid at 
room temperature  and require the use of sealed am- 
poules equipped with break seals. The ampoules were 
rotated to provide continuously renewed thin films 
and were i rradiated by a 5-curie source. 

c) Purification of the t r i t ia ted methyl  ester in- 
eludes saponification and extraction of unsaponifi- 
ables (1), exchange of labile t r i t ium by distillation 
of 1.5 liters of anhydrous ethanol from the soaps in 
50-ml. batches, and acidification and extraetion of 
the free acids with diethyl ether. 

d) Chromatographic methods, both par t i t ion and 
gas-liquid, were used to establish freedom of the 
chemically purified f a t ty  acids f rom radiation de- 
composition products and from exchangeable tri t ium. 
The Nijkamp (2) procedure was used for  the sep- 
aration of monobasie acids. Alternate l-ml. fractions 
of eluate were: a) t i t ra ted in a nitrogen atmosphere 
with 0.04 N NaOH to a thymol blue end-point, using 
a Gihnont micro-buret and b) diluted with 15 ml. of 
scintillation solution for radioactive assay with an 
a u t o m a t i c  " T r i - C a r b "  s c in t i l l a t i o n  s p e c t r o m e t e r .  
Quenching of fluorescence by  the fa t ty  acids and by 
the chromatographic solvent was negligible. 

Gas chromatography of methyl esters before puri- 
fication and of purified f a t ty  acids, af ter  methylation 
with diazomethane, was carried ont in "Aerograph" 
equipment at 205~ on a 5-ft. Resoflex 296 column. 
Simultaneously with the recording o.f thermal  con- 
ductivity, an ion chamber electrometer system re- 
corded radioactivity (ion currents)  on the gas stream 
issuing from the thermal conductivity cell. Alterna- 
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tively radioactivity was determined by directly trap- 
ping methyl esters from the effluent gas stream in 
vials containing 15 ml. of scintillation solution for 
specified periods, e.g., 1 rain., and by subsequent 
assay in the scintillation spectrometer. 

R e s u l t s  
Summarized in Table I are the results of irradi- 

ation of four saturated fat ty acid esters. From the 
data shown for the first three fat ty acid esters, the 
tritium incorporated is. roughly related to the time 
of exposure and intensity of the source. The tritium 
~as removed from the myristate, as noted, in the 
frozen state by evacuation; it probably carried along 
dissolved tritium into the pentane-hexane used as di- 
luting solvent. I f  so, probably the tritiated prepara- 
tions of pahnitate, stearate, and laurate evacuated at 
room temperature nmy also have contained small 
amounts of tritium gas which would have been as- 
sayed in the "unsaponifiable" and labile fractions. 

T A B L E  I 

T r i t i u m  I n c o r p o r a t i o n  a n d  D i s t r i b u t i o u  

] E x p o s u r e  J T r i t i u m  j 
Methy l  - -  incorpo-  , ' "d - -  I Source I / r aged  I ' U n s a -  L I Ael  I 

es te r  ( c u r i e s  D a y s  ~ r ~ '  ponifi-  - .~" a q u e o u s  ~ a t t y  
_ _  approx.) . l  ~ ~-  a b l e s "  Due p h a s e  ac id  

Palzmit~te l 4 1.8 2 4 . 0  14 .9  7 .5  / 53 .6  
S t e a r a t e  1 13 7.1 15 .3  7.9 0 [ 76.8  
L a u r a t e  5 I 7 I 47 .8  0 a / 21 .4  l o i 7 8 . 6  
2r 5 8 13zi.0 b . . . . . . . . . . . . . . . . . . . . . . . .  

a ' *Unsaponi f iab les"  of me thy l  l a u r a t e  we re  m e a s u r e d  a f t e r  e x c h a n g e  
of labile t r i t i u m  (see t ex t ) .  

b T r i t i u m  pum pe ( t  f r o m  s~mplc  f rozen  in  l.io.uid n i t r o g e n .  

I t  is apparent that labile tritium, rapidly exchang- 
ing with ethanol, would also appear in the "unsaponi- 
fiable" extract layer. To confirm indications that the 
unsaponifiable fraction was largely ethanol, contain- 
ing exchanged tritimn, the ethanol was distilled from 
the sodium laurate prior to extraction of unsaponifi- 
abl.es. Insignificant radioactive material remained in 
the unsaponifiable fraction.. The saponification step 
was omitted in the purification of methyl myristate, 
and exchange by distillation was the only treatment 
applied. Results of gas ehromatography led to the 
conclusion that this simple treatment was effective 
in removing detectable chemical and radiochemieal 
impurities. 

Figures 1., 2, and 3 present the progress of purifica- 
tion of tritiated methyl palmitate as determined by 
three methods of analysis. Figure 1 depicts gas chro- 
matography of methyl palmitate before purification. 
The method of condensing radioactivity in the scintil- 
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lation solution was used. Figure 2 shows the gas 
chromatogram after chemical purification and par- 
tim exchange of labile tritium. The ion chamber was 
used for radioactivity assay. Figure 3 presents liquid- 
partition chromatographic analysis after completion 
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of alcohol exchange. Titrimetric analyses and scintil- 
lation counting of the fat ty acids were employed. 

Since experience in radiochemistry generally has 
shown that the employment of several criteria of pur- 
ity is desirable, if not mandatory, use of both liquid- 
partition columns and gas-partition chromatography 
is offered to support the conclusion that palmitic acid 
labelled with tritium is homogeneous and that alcohol 
exchange is effective in removing labile tritium. 

Use (~f the three chromatographic methods of estab- 
lishing puri ty permits certain general observations 
and comparisons. While liquid-partition chromatog- 
raphy with combined titration and scintillation count- 
ing is the most quantitative in regard to sample intro- 
duction and recovery, gas-liquid chromatography and 
scintillation counting are more readily performed. 
Obviously the simultaneous recording of ion current 
and thermal conductivity has the unmatched advall- 
tage of speed and ease of performance. 
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The comparat ive  absence of radiat ion damage and 
radia t ion decomposition products  in the t r i t ia t ion of 
sa tura ted  f a t t y  acid esters was quite unexpected in 
view of the complexity of radiochemieal reaction 
products reported by Wilzbach (5) for  hexane and 
cyclohexane. 

I t  is concluded that  sa tura ted  f a t t y  esters may  be 
easily labelled with t r i t ium in high specific act ivi ty  
by the Wilzbach procedure of gas exposure and that  
both the s tandard  procedures for  f a t t y  acid purifi- 
cation and the alcohol distillation for removal of ex- 
changeable t r i t ium are effective. 
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Current Status of the Toxic Principle Causing the 
Chick Edema Syndrome 
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T HE BROILER INDUSTRY was faced with a new mal- 
ady, which appeared  in epidemic proportions 
dur ing  the fall  of t957. l~eports of the syndrome 

had been made earlier in the year, but  the number  of 
birds involved was quite small and the condition ap- 
pa ren t ly  disappeared spontaneously. 

The losses of birds by  broiler raisers reached some 
thousands of birds  per day  at  the peak of the trouble. 
The birds began to die at three to four  weeks of age, 
and post-mortem examination revealed the pericar-  
dial sac sur rounding  the hear t  almost always dis- 
tended with fluid. As the condition progressed, the 
abdominal  cavity quite often was filled with aseitic 
fluid, which led to the common te rm "water  be l l y "  as 
a name for  the condition (Figure  1). 

In  the young chick the symptoms of this trouble 
included gasping, poor weight gain, paleness, and a 
waddling duck-like gait as the abdomen began to fill 
with fluid. Sudden deaths occurred in the affected 
flocks at  three to four  weeks of age. 

The symptoms have not been observed to be as 
severe in the adult  chicken. Laying  hens suffered 
f rom a drop in egg product ion and fer t i l i ty  of the 
eggs. The typical  condition of edema has not been 
produced in turkey  poults and ducks when they were 
fed diets containing the toxic material .  Labora to ry  
rats, calves, and pigs did not exhibit the symptoms of 
edema when kept  on diets containing the toxic mate- 
rial. White  rats  fed a broiler ra t ion which was toxic 
to chickens did show some depression in growth. 

Sanger  et al. (1) repor ted that  the fluids collected 
f rom the abdomen and pericardial  cavity of birds 
suffering f rom the edema symptoms were sterile. No 
organism of a significant na ture  was recovered f rom 
cultures of liver, heart ,  and lung. Intes t inal  wash- 
ings and fluid f rom the hear t  and abdomen appeared  
to be nontoxic when injected into white mice. Whole 
intes t inal  t racts  homogenized and fed to white mice 
and four-week-old broilers for several days had no 
toxic effect. The condition was apparen t ly  not of an 
infectious nature.  The various medications and addi- 
tives commonly found in feeds did not cause the 
disease. 

The accumulat ion of fluid in the pericardial  sac is 
the characteristic gross lesion of the condition called 
chick edema or " w a t e r  be l ly . "  As much as 20 ml. of 
fluid have been collected f rom the perieardial  sac of 
broilers in advanced stages of the condition. In  Ipost 
cases of field outbreaks of this condition the affected 
broilers had f rom 100-500 m l .  of liquid in the ab- 
dominal cavity (1). 

:FIG. 1. I-Iydropericardial condition in broiler suffering from 
~' chick edema." 


