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By H. A. SCHUETTE and RAYMOND G. ZEHNPFENNIG 

VN~VERSIT r  OF WISCONSIN, MADISON, WIS. 

T H E  hackberry, or sugar- 
berry*, is the fruit of Celtis 
occidentalis L., a tree which 

bears a superficial resemblance to 
the elm and, like it, is one of the 
Ulmaceae. This tree attains its best 
development in the deep alluvial 
soils of the river bottoms, but 
thrives on gravelly and stony up- 
land sites, especially limestone out- 
crops. It  is widely scattered, its 
range extending from southern 
Quebec to eastern Washington and 
Oregon, southward to Florida and 
westward to eastern Texas, New 
Mexico and Nevada. A smaller, 
more dainty edition of this genus 
is the southern hackberry (C. mis- 
sissippiensis, Bose.) whose habitat 
is the south central states and Mex- 
ico. The fruit of the species in 
question is a cherry-like, slightly 
ovoid drupe whose color, at first an 
ocher-yellow, eventually becomes a 
purple black. It  matures in au- 
tumn and persists into winter. The 
nutlet or pit is oblong-oval, thick- 
walled and light brown in color. 
From data obtained in this Labora- 
tory (1) it appears that the shell 
constitutes three-fourths of the 
weight of the pit; that the latter 
contains 37 per cent mineral matter 
and 11.33 per cent (petrolic) ether 
extract and the "meat" itself 43.15 
per cent of fatty matter. That its 
popular name should reflect the 
chief saccharine characteristic of the 
fruit whose pleasant taste suggests 
the flavor of figs is not surprising 
in view of the fact that reducing 
sugars account for approximately 
one-third of its composition (2). 

If  the seed oil of C. occidentalis 
L., or that of any other species of 
this genus, has ever been subjected 
to critical study, then this fact es- 
caped notice during the course of 
the survey of the literature which 
was made preliminary to the incep- 
tion of an investigation, the results 

* T h i s  t e r m  i s  u s e d  in  i t s  p o p u l a r  sense .  
W h a t  i s  c a l l e d  h e r e  a b e r r y  is,  b o t a n i c -  
a l ly ,  a d rupe .  

of which are herein recorded. Some 
work, however, has been done on 
the fruit and the pit itself. Over 
eighty years ago Payen (3) re- 
ported on his studies of the pit of 
C. cordata, a species name which is 
probably here synonymous with C. 
occidentalis. The outstanding fact 
resulting from his researches is the 
preponderance of the element cal- 
cium which, he observed, exists 
here as the carbonate. More re- 
cently Yanovsky and associates (2) 
examined the whole fruit. They 
confirmed the findings of Payen in 
respect to the high calcium car- 
bonate content of the pits, extended 
the analysis to include its other in- 
organic constituents and investigated 
the nature of the organic acids of 
the pulp. 

This investigation was carried out 
for the purpose of determining 
whether the genetic relationships ex- 
isting among the Ulmaceae might be 
reflected in chemical similarities in 
composition of the seed oils of two 
of its genera, Ulmus and Celtis. 

The unusual composition of the 
seed oil of the elm, U~mus ameri- 
cana L., reference to which has al- 
ready been made in this Journal 
(4),  raised the hope that equally 
interesting facts might be brought 
to light in this instance also. 

The fruit from whose pit the 
fatty oil was extracted~ was col- 
lected during the months of Octo- 
ber to December, 1935, on the cam- 
pus of the University of Wisconsin 
and on private property in a suburb 
of the city lying over a limestone 
outcrop. Extraction of the oil was 
made with purified petroleum ether 
(b.p. 60-70 °) by a two-step opera- 
tion : a preliminary extraction of the 
cracked whole pit followed by re- 
extraction of the comminuted par- 
tially de-fatted residue. Removal 
of the solvent under reduced pres- 
sure in the presence of carbon di- 
oxide and filtration gave an oil, 12 
yellow in color, whose physical and 

chemical characteristics were found 
to be as follows (Table I )  : 

TABLE I 
Analytical Constants of Haekberry Seed 

Oil. 
Speci f ic  g r a v i t y  25°/25 ° . . . . . . . . . .  0,9204~ 
R e f r a c t i v e  i n d e x  25 o . . . . . . . . . . . . .  1.4794 
Iod ine  n u m b e r  ( W i j s )  . . . . . . . . . . .  150.0 
T h i o e y a n o g e n  n u m b e r  . . . . . . . . . . .  ~1.97 
S a p o n i f i c a t i o n  n u m b e r  . . . . . . . . . . .  191.1 
R e i e h e r t - M e l s s l  n u m b e r  . . . . . . . . .  0.0 
P o l e n s k e  n u m b e r  . . . . . . . . . . . . . . . .  0.3 
H y d r o x y l  n u m b e r  . . . . . . . . . . . . . . .  4.9 
So lub le  a c i d s  (pe r  c e n t  b u t y r i c ) .  0.08 
I n s o l u b l e  a c i d s  (per  cen t  c o r r . ) . .  91,97 
U n s a p o n i f i a b l e  m a t t e r  (pe r  cen t )  1.35 

~ G r a t e f u l  a c k n o w l e d g m e n t  is  m a d e  to  
t h e  N Y A  for  s u p p l y i n g  t he  l a b o r  n e c e s -  
s a r y  in  t h e  co l l ec t i on  of  t h e  f r u i t  a n d  t h e  
s u b s e q u e n t  r e c o v e r y  of t h e  p i t s  of  w h i c h  
a p p r o x i m a t e l y  5 kgs .  w e r e  o b t a i n e d .  

The presence of both low and 
medium molecular weight fatty 
acids in any noticeable amounts 
seems to be contra-indicated by the 
low order of magnitude of Reichert 
Meissl and Polenske numbers, a 
view which is supported by a nor- 
mal saponification value. Hydroxy- 
acids, likewise, are not conspicuous. 
On the other hand, the ratio be- 
tween thiocyanogen and iodine num- 
bers furnish a clew to the probable 
presence of not only oleic acid but 
at least one other of a higher de- 
gree of unsaturation, such as lino- 
Ieic, a fact which was subsequently 
demonstrated. 

Identification of the unsaturated 
fatty acids was effected by means of 
their bromo-derivates as well as 
their oxidation products. No hexa- 
bromide derivative of linolenic acid 
was obtained by brominating a 2-g. 
sample at -10 °. It  is true that a 
voluminous precipitate was obtained 
at this temperature but analysis 
proved it to be the tetrabromo-de- 
rivate of linoleic acid. It had the 
same composition as that fraction 
which was insoluble in cold petro- 
leum ether (m. p. 114.3; Br theo- 
retical 53.3%, observed 53.8%). Its 
precipitation at this point was prob- 
ably due to the unexpected solubil- 
ity conditions in cold ethyl ether 
which had been created because of 
its abundance. That there are in- 
volved here the two isomeric forms 
of this acid seemed not improbable, 
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a conclusion later confirmed when 
identification of the unsaturated 
fatty acids was attempted by means 
of their permanganate oxidation 
products. 

The hydroxy acids formed in the 
aforementioned reaction, after hav- 
ing been thoroughly dried, were 
washed with a liberal volume of 
ethyl ether. From the ether so- 
lution, after concentration, there 
crystallized a small quantity of ma- 
terial of neutralization equivalent 
184 and melting point 130.7 ° . Since 
the corresponding values for pure 
dihydroxy-stearic acid are 184 ° and 
137, respectively, it is evident that 
the product was slightly contami- 
nated notwithstanding the fact that 
the parent compound was obviOusly 
oleic acid. From the ether-insolu- 
ble residue, after crystallization 
from hydro-alcohol (30%) solu- 
tion, there were obtained four frac- 
tions; of these three melted in the 
range 155.6°-i57% the fourth, 
which constituted approximately 
one-tenth of the whole, at 167% 
169 ° . The melting points of the 
two forms of sativic acid (tetra- 
hydroxy stearic acid) are 162°-163 ° 
and 173 ° . It seems not improbable, 

therefore, that linoleic acid occurs 
in this oil in two isomeric forms. 

The saturated acids were found 
to be composed entirely of stearic 
acid (neutralization equivalent 196, 
required for stearic acid 197). Crys- 
tallization from alcohol yielded no 
arachidic acid. The absence of hom- 
ologues of this acid containing less 
than C12 has already been accounted 
f o r .  

Because of the elimination of the 
several acids, as above indicated, 
and for the added reason that by the 
lead-salt-ether procedure the content 
of solid fatty acids was found to 
be approximately 5.9 per cent and 
that of the liquid acids 86.4 per 
cent, the assumption may very well 
be made that the Hehner number of 
this oil, or 91.97, represents in this 
case its content of total fatty acids. 
Using, therefore, as a basis for cal- 
culation this value, and the iodine 
and thiocyanogen numbers of the 
total fatty acids, which were found 
to be 155 and 85.6, respectively, the 
composition of this oil in terms of 
its constituent fatty acids is satu- 
rated acids (stearic) 4.90 per cent, 
oleic acid 16.50 per cent and lin- 
oleic acid 70.40. 
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C O N C L U S I O N S  

It does not follow, from this ex- 
amination of the seed oil of the 
hackberry, that genetic relationships 
within the plant family here in ques- 
tion are reflected in the composition 
of the seed oil of two of its mem- 
bers. Elm seed oil is characterized 
by its large content of a low-molec- 
ular weight saturated fatty acid 
(capric) whereas, similarly, that of 
hackberry seed oil is a hi~h-molecu- 
lar unsaturated one (linoleic) which, 
apparently, exists here in two is- 
omeric forms. 

The relative scarcity of the tree, 
the low yield of oil from its fruit 
and the uncertainty of the crop 
stand in the way of a commercial 
exploitation of this oil. It might, 
however, have a nutritional interest 
because of its high content of lin- 
oleic acid. 
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Research on obtaining fats by means of micro- 
organisms with special consideration to the work 
by the Institute of Fermentat ion Industries. H. 
Fink, H. Haehn and W. Hoerburger. Chem.-Ztg. 61, 
689-693, 723-6, 744-7 (1937). 

Antioxygens  of fatty oils. XV.  Action of caro- 
tene on the oxidation of fatty oils. XVI.  Ultra- 
violet  rays as a cause of inversion of oxidation 
catalysts for fatty oils. N. Nakamura.  J. Soc. 
Chem. Ind. Japan 40, Suppl. binding 203-5, 205-6 
(1937).--The action of carotene on the oxidation of 
fatty oils varies with the kind of fatty oil in which it 
is dissolved and, in some cases, with the conchs, of 
carotene added. The stability of carotene varies with 
the kind of oils in which it is dissolved, viz., it is most 
unstable in tsubaki oil, moderately stable in linseed and 
most stable in maize oil. Moderate unsatn, in fatty 
oils is considered necessary for the highest stability 
of carotene. (Chem. Abs.) 

Pressure cooking contributes increased cotton- 
seed processing profits. R. B. Taylor. Chem. (9 
Met. Eng. 44, 478-81 (1937).--Apparatus, technic and 
av. results of 275 test runs are described. With cook- 
ing temps, of 270 ° F. or higher, and proper moisture 
content control, it was found possible to maintain an 
av. "standard" (ratio of oil to NH 8 in the cake) of 
55 as compared with '!standards" of 65 to 70 for av. 
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oil mill practice. On the basis of "prime" seed (3.5% 
NH 8 and 18.5% oil), 10 to 15 points reduction in the 
"standard" is equivalent to from 6 ~  to 10 lb. increase 
in oil yield per ton of seed, a gain of 67c to $1 per ton 
of oil at 10c per lb. The quality of cake and oil was 
uniformly equal to or better than that produced in the 
best mill practice. 

Reducing the oil lost through deacidifying. R. 
Dieterle. Seifen-Ztg. 64, 632-3 (1937).--A prominent 
problem for fat refiners is the choice of either deacidi- 
lying with dilute caustic at high temps, or concn, caus- 
tic at low temps. Coco and babassu fats, good palm 
fat, sesame and peanut oil and some types of whale oil 
are in general refined with caustic of 2 to 6 ° Be and at 
98 ° C. and a caustic factor of 1.1 to 1.4 being used. 
The amt. of caustic used is that necessary to neutralize 
the free fat acids multiplied by the caustic factor. Poor 
quality train type oils, certain types of peanut oil and 
palm fat and about all types soy, rape and cottonseed 
oils require concd, caustic. In this case the caustic 
factor is 2 to 5, temp. 60-80 ° and concn, of caustic 10 
to 20 ° Be. 

Rancidity and mold in cured bacon retarded. S. 
Bull. Natl. Prov. 97, No. 13, 13, 46 (1937).--Value 
of oat flour in retarding rancidity in cured meats, and 
mold and rancidity in sliced bacon, was tested at the 
Univ. of Ill. and found to be effective. Comparative 


