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surized (air, 1 arm.) colunla (20 x 100 r a m . )  Of pow- 
dered anhydrous MgSQ. The addition of benzene 
containing 1% ethanol eluted a well-defined band of 
pomiferin. A second zone, remaining near the top of 
the column, was eluted with a mixture of equal vol- 
umes of benzene and ethanol (Fraction C). Fraction 
A was thus separable into pomiferin (80-85%, by 
weight) and an unknown substance, Fraction C (15- 
20%, by weight). Fraction C was a highly active 
antioxidant substance, which also responded syner- 
gistically with pomiferin (Table IV). 

TABLE I V  

Effects of Chromatographic Fractions on Stability of Lard  

Preparat ion Induction Period 

hr~, 
1. Unprotected lard (control) ............................................ 2 
2. 0.10% Fraction C ........................................................... 23 
3. 0.30% ~raction C ........................................................... 72 
4. 0.10% 1)omiferin ............................................................ 30 
5. 0.10% pomiferin + 0.10% Fraction C ........................... 82 

Subseque~lt experiments have shown Fraction C 
to be further separable into a number of components 
by chromatography on MgSO~ with smaller incre- 
ments of ethanol to the benzene. Three major and 
several minor bands were separated on the column 
with 2% ethanol in benzene, and two of the major 
bands (Nos. 4 and 6) were etuted from the column 
with this solvent. These constituted 25 and 10% (by 
weight) of Fraction C and both were light green in 
color. A third major band (No. 8), constituting 45% 
of Fraction C, was eluted with 4% ethanol in ben- 
zene; it was reddish-brown in color. 

In stability tests with lard all of the three major 
bands showed strong antioxidant activity. Induction 
periods were 20 to 50% longer than that produced 
with an equal amount of pomiferin. Peroxide accumu- 
lation during the induction period (prooxidant effect), 
typical of pomiferin, NDGA, and other primary anti- 
oxidants, was also less pronounced (Figures 2). 

The characterization of the three additional pri- 
mary antioxidants has not been completed. These 
were separated chromatographically but were not 
obtained in a crystalline state. However their ultra- 
violet absorption spectra, with maxima at 273 (band 
6) and 274.5 m/~ (bands 4 and 8), were very similar 
to those of pomiferin and osajin, suggesting a close 
structural relationship to these compounds. Each of 
the three gave a positive ferric chloride test for phe- 
nols and a positive Wilson (5) boric test for flavone.~ 
and iso-flavones. 
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FIG. 2. P e r o x i d e  d e v e l o p m e n t  in  l a r d  c o n t a i n i n g  c o m p o u n d s  
of  F r a c t i o n  C. 

1. Control  
2. 0.30% NDGA 
3. 0.30% band 8 
4. 0.30% band 6 
5. 0.30% band 4 
6. 0.30% pomiferin 

Summary 
The fruit  of the osage orange tree (Maclua pomif- 

era [Raf.] Schneider) was shown to contain at least 
four pigments with antioxidant activity. Pomiferin 
was present as 3 to 4% of the dry fruit  and, as a pri- 
mary antioxidant, was responsible for 20-25% o~ the 
activity exhibited by methanol extracts. An unidenti- 
fied substance was also present which reacted syner- 
gistically with pomiferin, increasing its contribution 
to the overall activity to approximately 75%. The 
three new pigments, totalling 0.5% to .75% of the 
dry fruit, all showed antioxidaut activity exceeding 
that of pomiferin when tested at equal concentrations. 

A chromatographic procedure, employing anhy- 
drous magnesium sulfate, was developed and applied 
successfully in separating mixtures of several iso-fla- 
voue pigments. 
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Alcoholic Extraction of Vegetable Oils. II. Solubilities 
Corn, Linseed, and Tung Oils in Aqueous Ethanol 1 
RAMA KANTH RAO, Graduate Assistant, and LIONEL K. ARNOLD, Professor, 
Iowa Engineering Experiment Station, Iowa State College, Ames, Iowa 

I 
N AN EARI~IER communication (1) the need for the 
study of ethanol as a solvent for ~ ~,egetable oils was 
discussed, and complete solubility data on cotton- 

seed, peanut, sesame, and soybean oils in aqueous 
alcoholic solutions were presented. A literature 
search revealed no similar data for corn, linseed, and 
tung oils. 

1 Presented at the Philadelphia fall meeting, American Oil Chemists' 
Society, Oct~)ber 11, 1955. 

of 

Experimental 
Unrefined commercially produced oils were used ill 

each case. Their characteristics are given below: 

Iodine value Saponification 
0il Acid value (Wij 's)  value 

Corn  Oil  ~. ................... 1.52 
I A n s e e d  Oil ................. 1,48 
T u n g  Oil ..................... 1,52 

From wet-milled germs. 

120.2 189.7 
182.5 ]91 .3  
168.7 ]92 .5  
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The various aqueous solutions of alcohol were ob- 
tained by  dilut ing the absolute alcohol. The concen- 
t rat ions of the alcoholic solutions were determined 
f rom the densities by  the pycnometer  method. All 
values are reported as weight percentage. 

The appara tus  and the method of solubility deter- 
minat ion were the same as previously described (1). 

Results 

Solubility Data. The solubility data for corn are 
presented in F igure  1. I t  is observed that  in all cases 
the solubility of the oil increases steadily unti l  the 
critical solution tempera ture  is reached. At  the criti- 
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maximum solubility with 91.5% alcohol even at 90°C. 
is only 13.7%. 

The corresponding data for linseed oil are shown in 
F igure  2. The curves follow the same general pa t te rn  
as corn oil. In  this case with 99.9, 98.0, and 95.4% 
alcohols, miscibility is a t ta ined at 60 °, 70 °, and 80°C., 
respectively, while with 91.5% alcohol the solubility, 
even at 90°C., is only 17.5%. 

The data  for  tung oil are presented in Figure  3 and 
indicate that  in this ease with 99.9, 98.0, and 95.4% 
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FIG. 3. Solubility curves for  tung  oil in aqueous ethanol .  
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Fie. 1. Solubility curves for  corn oil in aqueous ethanol. 

cal solution tempera ture  the solubility curves become 
parallel  to the Y axis, indicating that  any  amount  of 
oil can be dissolved at that  temperature ,  i.e., oil and 
alcohol are miscible in all proport ions at or above 
that  temperature .  I t  is seen f rom the figure that  with 
99.9, 98.0, and 95.4% alcohols, the miscibility is at- 
tained at 65 °, 75 °, and 90°C., respectively, while the 
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Fro. "2. Solubility corvus for linseed oil in aqueous ethanol. 

alcohols, miscibility is a t ta ined at 75 °, 85 °, and 95°C., 
respectively, while the solubility with 91.5% alcohol 
at 90°C. is only 8.5%. 

Critical Solution Temperature. The critical solu- 
tion tempera ture  versus alcohol composition data for 
the three oils are presented in F igure  4. I t  is ob- 
served that  in all cases the critical solution tempera-  
ture increases with the water  content of alcohol and 
that  the relationship is linear. 

Pressure in the System. The pressures developed in 
the appara tus ,  which are made up of the atmospheric 
pressure and the vapor  pressures of aqueous ethanol 
at different temperatures ,  were read direct ly f rom the 
pressttre gauge at tached to the appara tus .  The pres- 
sure gauge readings recorded for different alcoholic 
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FIG. 4. Var ia t ion of critical solution temperature  of the 
three oils with alcohol composition. 1. Corn Oil. 2. Linseed Oil. 
3. Tung Oil. Broken ]iDe indicates the boiling point  of pure 
ethy l  ,',lcoho]. 
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concentrations at various tempera tures  are given be- 
low in pounds per square inch. 

Concentration [ Pressure, psig 
of Alcoholic [ 
Solution in t Temperatures °C. 
Percentage 50 60 70 80 90 95 

95.4 .................... 1 2 4 8 15 17 20 
98.0 .................... I 2 4 S 15 18 
( O • )9.9 .................... I ~ 4 10 15 

I t  is seen therefore tha t  the pressure in the vessel 
increases with the temperature .  However  all the 
three concentrations have praet ical ly the same gauge 
readings. Since their  boiling points differ very 
slightly, the different concentrations produce varia-  
tions in vapor  pressure too small to be recorded by 
the pressure gauge. 

The data obtained show that  the max imum pres- 
sure to be used even with 95.4% alcohol is about 20 
p.s.i.g. 

S u m m a r y  

Solubilities of corn, linseed, and tung  oils in aque- 
ous alcoholie solutions at various tempera tures  have 
been determined by a direct and simple method. The 
solubility cmwes for  the three oils in aqueous alco- 
holic solutions are presented. 

The critical solution t empera tu re  v e r s u s  alcohol 
composition data  have been plotted for the three oils. 
i t  is observed that  the critical solution t empera tu re  
increases with the water  content of the alcohol and 
that  the relat ionship is l inear in each case. Similar  
results were obtained for  cottonseed, peanut ,  sesame, 
and soybean oils previously (1). 

The pressure in the system, increases with tempera-  
tu re ;  the max imum is approximate ly  20 p.s.i.g. 
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Isolation and characterization of some products a~so~iated with 
oxidized flavor. R. R. Riel(Ch(:mistlT l)ivision, ~e:c~'e ,%~-'vi'.~e, 
Ottawa),  and H. H. Sommer. J. Dairy Set. 38, 1215-1224 
(1955). The limited oxidation of milk phospholipids yielded 
material  which reproduced the typical oxidized flavor in milk. 
isolation and characterization of the major  oxidized flavor 
cmnpounds showed that  they are predominantly carbonyl con> 
pounds. Five different carbonyl compounds were evidenced by 
chromatography. The empirical formulae calculated for three 
compounds were C~H:~O3, C~H~,O, C~.-HaN~Oe (as bis-hydra- 
zone) and C~oH~sNeO (as monohydrazone).  There was indication 
that  the C~5 was a di-unsaturated ketone without conjugation. 
The Cll was presumably undecanal. 
Determination of fat in cocoa products. J. Kle iner t (Lindt  & 
Sprungli, A.-G., Kilchberg /ZH, Switz.). Rev. intern, chocolat. 
10, 302-12(1955). Methods are reviewed for the determination 
of f a t  in cocoa, products. Cocoa kernels, cocoa powder, bit ter 
milk, and g ianduja  chocolate were analyzed by the s tandard  
international  method, the percolation method, the centrifuge 
method, and the Leithe-Heintz refraetometer method and the 
results compared. Le i the ' s  method was modified and improved 
by introducing a constant.  (C. A. 49, 16260) 
The detection of substitute fats in ice cream. M. Keeuey(Univ.  
of Maryland, College Park) .  Rept. Proc. Ann. Cony. Intern. 
Assoc. Ice Cream Manufrs., Production and Lab. Council 49, 
46-9(1953).  The behavior of fa t  in a mixture of ethyl alcohol 
(55 volumes) and iso-propyl alcohol(45 volumes) at  25-26°F. 
is used to determine character of the isolated fat. (C. A. 49, 
15111) 
Detection of foreign animal fat in chicken fat. C1. Franzke 
(Humboldt  Univ., Berlin).  Z. Lebensm.-Untersuch. n. Forsch. 
102, 81-4(1955).  Methods of detection of beef, pork, or rout- 
ton fa t  in chicken fa t  are investigated for means of determin- 
ing adulterat ion of the f a t  and adulterat ion of chicken meat. 
Determinations of amount  of f a t ty  acid polybromides insoluble 
in tetrabromostearic acid sa turated petroleum ether in each 
fa t  gave: chicken fa t  26.2-34.5, beef f a t  3.9-4.6, and pork 
fa t  2.6-5.2. Another means  of dist inguishing the fa t s  is to 
measure the extinction of the alkali-isomerized fa t ty  acids at  
233 mt~. These ressults on 6 samples each of the above fats ,  
respectively, were: 110.5, 18.9-24.4, and 34.6-47.0. (C. A. 49, 
16253) 
Fundamentals of total fat and milk fat determinations in baked 
goods of low fat content(e.g, milk bread).  E. Hoffmann. 

Deut. Lebensm. Rundschau 51, 158-61(1955). The author cau- 
tions against  prolonged ether extraction, suggests  decomposi- 
tion of the dried meal with 1.5 2% HC1, and refers to the use 
of refractive index as a measure of adulteration if values of 
the extracted fa t  read 53.0 or more scale graduations. (C. A. 
49, 16249) 

Rapid determination of oil in fish meal. G. M. l)reosti and R. I'. 
van der Merwe(Fishing Ind. Research Inst.,  Cape Town, S. 
Afr ica) .  Fishi~g Ind. Research Inst., Progr. Rept. No. 18 
(1955). A refractometrie method for determining oil in ava- 
cados was adapted to fish meal. The oil is completely extracted 
from the meal by monoehloronaphthalene and the amount  of 
oil in the extract  is found by measur ing the refractive index 
of the solution. The results obtained from analyses o£ 35 
meals showed tha t  the refractometric method was nmre repro- 
ducible than  the Soxhlet method. (C. A. 49, 16254) 

Antioxidants from biological sources for preventing rancidity 
in fats .  E. S. Tatarenko, A. E. Sobol, and Z. N. Novikova 
(Ukr. Research Inst.  Food Ind. Sci., Kharkov) .  Mikrobiologiya 
24, 217-22(1955). The fungus  Naumoviella oleaginosa can ac- 
cumulate up to 52% lipoids (calculated on dry weight ) ;  its 
optimum conditions are temperature 25-6°C., p i t  5-6, 0.2-1% 
KH..PO4 in the nutr ient  medimn. N. humicola and a Mort@r- 
ella species are nearly as active in storing llpoids, which con- 
tain 1-18% unsaponifiables of which one component at  a con- 
centration of 0.01% increases the rancidity resistance of edible 
fa t s  3.5-fold. (C. A. 49, 16253) 

The structure of the crystal form B of stearic acid. E. V. 
Sydow(Univ. Uppsala,  Sweden). Acta Cryst. 8, 557-60(1955).  
Form B of stearie acid is monoclinic with a = 5.591, b = 7.404, 
c -  49.38 A., and fl = 117°22 '. The cell contains 4 molecules. 
The packing of the hydrocarbon chains is of the common ortho- 
rhombie type. The hydrocarbon chains are deformed near the 
carboxylic groups. (C. A. 49, 15353) 

Fatty acid oxidation by Penicillinm roqueforti. R. L. Giroland 
and S. G. Knigh t (Univ .  of Wisconsin, Madison),  Appl. Micro- 
biol. 3, 264-7(1955).  In  the presence of phosphate and mag- 
nesium and at  low substrate  concentration, f a t ty  acids con- 
raining 2-12 carbon atoms were oxidized by a suspension of 
the cells of P. roqueforti(a strain used in the manufac ture  of 
bleu cheese). A methyl ketone containing one less carbon atom 
than the fa t ty  acid substrate  was found when eaprylate was 
oxidized and identified as 2-heptanone. Acetone was found 
from oxidation of butyrate,  2-butanone from valerate, 2 penta- 
none from caproate, 2-hexanone from caprylate, and preston- 
ably 2-octanone from pelargonate. (C. A. 49, 14882) 

Stability of fl-glycerophosphoric acid in natural  fats.  C, Ura- 
kami and H. Kuwaha ta (Osaka  City Univ.) .  Repts. Set. Living 
Osaka City Univ. 1(3),  1 4(1953). /~-Glycerophosphoric acid 


