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a small pa r t  of the total odor complex. Nevertheless 
it appears  to accompany the odor very closely. The 
relationship between malonaldehyde, other carbonyls, 
and odor, in distillates f rom pure  f a t ty  acids, is under  
investigation at the present  t ime in an effort to throw 
light on these questions. 

Summary 
A,I improved distillation method is described for 

the quant i ta t ive determinat ion of malonaldehyde in 
foods containing oxidized fats. The procedure is com- 
pared with other methods in current  use for the de- 
terminat iou of malo,laldehydc. A high correlation of 
TBA nunlbers with rancid odor in cooked meats was 
established. 
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Search for New Industrial Oils. II. Oils with High Iodine Values 
F. R. EARLE, T. A. McGUIRE, lEAN MALLAN, M. O. BAGBY, and I. A. WOLFF, Northern Regional Research 
Laboratory, 1 Peoria, Illinois; and QUENTIN ]ONES, Crops Research Division, ~ Beltsville, Maryland 

MONG TIlE FIRST 87 sanlph~s of seer1 oils analyze(t 
in a progranl  to find new oils of industrial  iln- 
portanee (1), 12 were fomld to have iodine 

values above 180. 
0 n l y  three plant  falnilies, the Cruciferac, Euphor- 

biaceae, and Labiatae, are represellted, and all three 
have previously been known (2, 5) to contain mem- 
bers producing otis with high iodine values. Eight  of 
the 12 species however have not had oil composition 
reported.  Fa i lure  of other plant  families to appear  
in this tabulat ion of oils with iodine values above 180 
may  result  pa r t l y  f rom the limited number  of samples 
thus fa r  analyzed. I t  may be expected that  addit ional  
oils with high iodine values will be discovered and 
that  other p lant  families will be represented as addi- 
tional seed materials  are examined. 

The Cruciferae (mus ta rd  family)  include some 300 
genera and 3,000 species (3). The rapeseed and mus- 
ta rd  seed oils f rom this family  are famil iar  items of 
commerce. Oil composition has been repor ted  in the 
l i tera ture  for  sonic 30 species of Cruciferae, and the 
presence of erucie acid is characterist ic of the family.  
The two representat ives of the family  in this repor t  
belong to Hesperis and Matthiola, genera which con- 
tain some 25 and 50 species, respectively. T h e  only 
previously analyzed oil f rom these genera was f rom 
H. matronalis. There are almost 75 other species 
which may  be explored with the expectation of find- 
ing some with improved oil compositiou, increased 
seed yield, more desirable plant  form, and wider 
cliniatic adaptabi l i ty .  

This is a laboratory of the Northern Utilizatlon Research and De- 
velopment I)ivision, Agricultural Research Service, U. S. Department  
of Agriculture. 

2 Agricultural Research Service, U. S. Department  of Agriculture. 

The Euphorbiaccae (spurge fanlily) are a large 
family of some 280 genera aud 8,000 Sl)etdes. The 
plant  types are quite varied, ranging fronl pros t ra te  
herbaceous weeds to cactus-like trees. The best known 
commercial oils f rom this group are tung and castor 
oils, which have special value because they contain 
s t ructures  not present  in the more common oils. Only 
about 60 species f rom the entire family  and about 15 
of the 1,000 species in the genus Euphorbia have been 
analyzed for  oil composition. 

The Labiatae (mint  family)  include some 3,000 
species, of which about 60 are grown in gardens in this 
country  as ornamentals  or as kitchen herbs. Perilla 
is the pr incipal  representat ive of the family  among 
industrial  seed oils, but published analyses for  some 
15 other species (2, 5) indicate that  several should 
produce oils of similar d ry ing  quality. 

Materials and Methods 
The source of seeds, the method of p repar ing  oils, 

and the methods of analysis have been described pre- 
viously (1). Methods presented by  Gardner  (4) were 
used to determine fihn hardness and dry ing  time. 
Fi lms of oil nlodified by the addit ion of 0.015 g. of 
mixed drier  (24% lead, 6% cobalt, and 65/o manga-  
nese naphthenates)  were put  on microscopic slides. 
Those for the drying-t ime test were touched repeatedly  
with the finger to determine when the film had set to 
touch. The fihns for  the hardness test were aged two 
days, then tested with a series of drawing penci l s  of 
g radua ted  hardness to determine the softest one which 
would scratch the film. Viscosities were determined 
by using the Gardner -Hold t  Bubble Viseometer. 



JANUARY, 1960 49 E A R L E  E T  A L . :  S E A R C H  F O R  NEW I N D U S T R I A L  O I L S  

T A B L E  I 

Ana ly t i ca l  D a t a  on Seeds and  D e r i v e d  Oils 

Source  

Cruciferae 
Hesperis matronalis 
Matthiola bicornis 

Euphorbiaceae 
Euphorbia marginata 
Egphorbia h, terophb'lhl 

Labiatae 
Majorana hortensis 
Monarda fistulosa 
Nepeta masslnii 
Ocimum basilic~m 

Perilla frutescens 
Salvia eolumbariae 
Satureja hortensis 
Thymus vulgaris 

Linaceae 
Linum usita tissimum 

Coinlnon nal]lO 

D a m e ' s  rocke t  
E v e n i n g  stock 

Snow-on-th e -mounta in  
P a i n t e d - s p u r g e  

Sweet  m a r j o r a m  
Wih l  be rgamo t  

Sweet  basi l  

P e r i l l a  
C a l i f o r n i a  ehia  
Sl l l l l lner  savory  
T h y m e  

L inseed  

Seed ana lys i s  

Oil P r o t e i n  Iodine 
conten t  va lue  

con- NX 
t e n t  6 .25 

% DB % DB 

32 25 1 8 6  
29 35 196  

32 21 198  
37 25 200  

40 32 199  
32 27 2 1 0  
25 22 2 0 0  
24  21 191  

42 32 189  
34 20 198 
42 24 2 1 4  
37 28 208  

46 26 184  

~poni 
- Ref rac -  

t ive  
at ion index 
alue nm/i ) 

186 1 . 4 7 3 7  
192 1 . 4 7 4 8  

185 1 .4761  
188 1 . 4 7 5 4  

188 1 .4753  
192 1 . 4 7 5 6  
184 1 .4749  
188 1 .4742  

185 1 . 4 7 3 4  
188 1 .4748  
184 1 .4765  
189 1 .4772  

F a t t y  acid  conten t  of oil 

Noneon- 
jug 'ated 
t r i ene ,  
as lin- 
olenic 

% 

46  
59 

57 
55 

55 
58 
55 
50 

55 
56 
62 
62 

49 

Nonc j uga~ Mono- 
dien ene, 
as li o~Sc 
olei 

% % 

21 26  
9 20 

14 
22 

20 
18 
18 
22 

11 
16 

14 

~on 
erie Satu-  
as r a t ed  

~lei 

% % 

26  3 
20 8 

17 
10 

16 
19 
17 
15 

21 
18 
12 
18 

22 

Viseos- 
ity, I 

H o l d t  

A2 
A1 

D r y i n g  
t ime  

Set to 
toueh 

hrs. 

P e n e i l  
ha rd -  
ness 

2 H  
2 H  

3 H 
H 

2 H  

H 
3 H  
4I-I 
4 H  

Results 

Characteristics and composition of the oils, as in- 
dicated by the tests applied, are presented in TaMe I. 
The proportion of apparent  linolenic acid varied from 
46 to 62%. Apparent  ]inoleic acid varied from 9 to 
22% and the total of " l ino len ic"  and " l ino le ic"  from 
66 to 8{}%. The oils containing the highest concen- 
tration of "line]chic" acid are from Satureja hor- 
tensis and Thymus vulgaris. Those highest in total 
" l ino len ic"  plus " l ino le ic"  acids are fronl S. ho r- 
tensis, E. hctcrophylla, and Monarda fistulosa. 

Several oils apparent ly  contain minor components 
other than the usual saturated and Ullsaturated acids. 
Those from T. vulgaris and Matthiola bicornis reacted 
with I I B r  in the oxirane oxygen test to an extent 
corresponding to about 1% of a (Ls epoxy acid. T. 
vulgaris oil shows a trace of prefornled conjugation, 
but the amount, 0.5%, is probably insignificant for 
any industrial use of the oil. Oil from Monarda fis- 
lulosa is indicated to be free of saturated ac, ids and, 
by gas chronlatography, to contain 4% of some com- 
ponent moving more slowly than the usual Cts acids. 
Oil from Matthiola bicornis, the only other oil to be 
analyzed by gas chromatography, shows no indica- 
tion of acids longer than C~s. 

Measured characteristics of the films and the vis- 
cosity of the crude oils are also shown in Table I. The 
linseed oil included as a reference material was ex- 
tracted from seed of variety B-5128 obtained from a 
commercial seed distributor. Its iodine value, 184, is 
slightly above the mode shown by Ih/pper  and Nes- 
bitt (6) in their s tudy of 1,485 sanlples ranging in 
iodine value from 144 to 196 but is within the range 
of good commercial oils. 

Viscosity of the various oils rallgcd from A (Gard- 
ner-Holdt) to A4. Oils from Majoraua hortc~lsis and 
T. wdgaris were the most viscous of the group. That 
from E. heterophylla was the only one less viscous 
than linseed. The iodine value of the oil from H. 
matronalis was the lowest in the group arid was essen- 
tially the same as that of the linseed oil used for com- 
parison. These last two oils were the slowest to d ry  
and produced the softest films in the series. Nepeta 
mussinii dried faster than the other oils although it 
does not have the highest iodine value. 

Discussion 

The oils reported in this work are, on the basis of 
iodifle value, very similar to each other and to linseed 
oil. None of them deviate nlarkedly front the regres- 
sion lille (Figure  1) calculated fronl iodine value and 
refractive index data on 70 oils (1) including these 
12, or front lines lmblishe<l for soybean (8), linseed 
(6, 9, 10), and perilla (7) oils. The agreement with 
the line suggests that the oils e(/ntain primari ly the 
COUlm<>n fa t ty  a(,i(ls, and 1tie (lata in Table I are in 
agreement with this snggesli(ln. Similarly infrared 
examination of the oils reveals no IllUlsual compo- 
nents. While the present data im'lude no proof, it 
seems reasonable, to assume that the diene and triene 
are the comnl/m linol/,ic and linolenic acids. 

1.480 

lu 

~1.475 

x Cruc i ferae 
~, Euphorb iaceae I.V. = 8555.559 n4:-12425.928 
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x o 'o 

1.470 ~ I I 
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Iodine Volue 
1.-3830 

FIG. 1. Re la t ion  between iodine value nml r e f rac t ive  index.  

Oils from the two Cruciferac, 1I. matronalis aBd 
Matthiola bicornis, are not typical of the oils produced 
by the family. H. matronalis has been reported (5) t() 
contain no eru/:ic acid, and the present work shows 
that the oil from M. bicornis likewise contains none. 
Linolenic. acid is comm/m ill Crucif(,rae oils, but the 
high level in these two species is unusual. The pre- 
vious report  on oil fronl H. matronaIis (46% lino- 
lenic acid and 35% linoleic acid) is in good agree- 
ment with the "]inolenic" acid content shown in 
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Table I bu t  is 14% higher in liuoleic acid. The pres- 
ence of 1% of apparen t  epoxy acid in the present  
sample of M. bicornis is based only on I I B r  absorption 
and is not conclusive. 

The compositions of the two Euphorbia oils are 
similar  to each other and to the composition of several 
Euphorbia oils reported earlier (2, 5). The E. mar- 
.qinata oil repor ted here differs significantly however 
f rom the l i tera ture  repor t  of 45% linolelliC acid and 
45% linoleie acid. This discrepancy may be resolved, 
or the var iabi l i ty  of the species may  be revealed more 
clearly as additional samples are analyzed in the 
screening program.  

Oils of the eight Labio, tac in this s tudy are similar 
in composition to other Labiatae oils with high iodine 
values. Only two of these oils are reported by Hil- 
ditch (5),  and the COnlposition of the present  samples 
art; dist inct ly different. The earlier samph; of Oci- 
m~lm basilicum was reported to have 21% lilmlenic 
acid and 60% ]inoleie acid in contrast  to 50% "l ino-  
l en ie"  and 22% " l i n o M e "  acid fonnd ill the present  
sample. Similar ly  the previous repor t  shows Pcrilla 
frutescens (P. oeymoidcs) oil to contain 63 to 70% 
linolenic acid and frl>m 0 to 16% l inoMc aeid whereas 
the present  sample contains only 55% " l i n o l e n i e "  
acid and 11% " l ino le iv"  acid. Regardless of the 
diserepancy,  which may result  fronl differences in 
the sources of samples, the (;olnposition of the eight 
Labiatac oils are sufficienlly similar to suggest that  
lhey wouhl all serve in al)l)lications where perilla 
oil has been used in the past ;  several of them are 
I)robably superior  to perilla oil of average composition. 

The toillOt amolmts  of al)parent  epoxy acid and of 
conjugated unsa tura t ion  i,l Thymus vtdgaris oil have 
no value and for  most applicat ions probably  would 
not be detr imental .  The absence of sa tura ted  acids 
fronl the oil of Monarda fistutosa may perhaps  indi- 
cate the presence of some component  which responds 
abnormal ly  to either the iodine value procedure  or 
the alkali isomerization in the determinat ion of poly- 
unsa tu ra ted  acids, or it may result  f rom the chance 
accumulat ion of errors in tile procedures.  Complete 
absence of sa tura ted  acids would be nlost unusual,  
but  such a result  is often within the accepted precision 
of the method. The 4% of mater ia l  in this same oil 
moving" more slowly than the C~s acids, has not been 
identified but  might  be araehidie acid, which has been 
repor ted  in several oils of the Labiatac (2, 5). 

The tests of d ry ing  time and film hardness, while 

not precise, suppor t  the general i ty  that  oils with 
higher iodine values d ry  more rap id ly  and produce 
harder  fihns. The oil f rom Nepeta mussini is anom- 
alous in that  it dries more rap id ly  than three oils of 
higher iodine value but  produces a softer fihn than  
five oils of eolnparable or lower iodine value. This 
behavior may indicate greater  or lesser amounts of 
trace consti tuents which affect the rate  or extent  of 
oxidation and polymerizat ion in the drying film. 

In  general, the analyses reported in Table I sug- 
gest that  all these oils should be equal or superior  to 
linseed oil as dry ing  oils. They should receive serious 
consideration if any  can be produced more economi- 
cally, if any  are especially adapted  to areas of the 
country  which require an al ternat ive crop, if they 
are sufficiently good to permit  per formance  equal to 
linseed af ter  dilution with a cheaper oil, or if over-all 
denland for dry ing  oils should increase sufficiently 
to jus t i fy  product ion of addit ional ones. 

Extensive s tudy of any of the species reported in 
this paper  nlay reveal that  the sample tested is not 
typical  but may be bet ter  or worse than  the average. 
Until  proved otherwise, it must  be assumed in a screen- 
ing p rogram that  the sample analyzed is sufficiently 
representat ive to serve as a guide to fu r the r  s tudy of 
oils for  specific uses. 
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�9 F a t s  a n d  O i l s  
ESTIMATION OF CATALYST ACTIVrrv v'oa HYDROGENATION OF 
FATS. I .  Kaganowicz .  Prace Ins t .  i Lab.  B adaw czych  Przemys@u 
S p o z y w c z e g o  8 ( 4 ) ,  33 44 (1958) .  A nickel  c a t a l y s t  was  pre- 
pa red  by  h e a t i n g  nickel  f o r m a t e  in  rapeseed  oil a t  245 _+ 4 ~ 
for  2 hours.  W h e n  th is  ca t a ly s t  was  used in  the h y d r o g e n a t i o n  
of r apeseed  oil, the  ra te  of change  of the iodine number  of 
r apeseed  oil was  p ropo r t i ona l  to the c a t a l y s t  ac t iv i ty .  The 
a c t i v i t y  of the  c a t a l y s t  was de te rmined  by means  of the f~r- 

mula  A = ( I i  - - I f )  • 88.25/at ,  where I i  and  I r  are  the iodine 
numbers  of the oil be fore  and  a f t e r  hydrogena t ion ,  a is  the 
amoun t  of c a t a l y s t  in  we igh t  % based  on the  oil, t is  t ime  in  
nl inutes ,  and  88.25 is the number  of lnl. of hyd rogen  corres- 
pond i ng  to an iod ine  mnnber  uni t .  (C. A. 53, 19410) 

THE APPLIC'&TION OF IO.N-ExCtIANGE RESINS T0 THE ~URIPICA- 
TIO~ O~ FATS. A. Ollero G6mez and  A. Solo C a r t a y a  (Univ .  
Sevi l le ) .  Grasa y aecitcs (Sevil le,  Spa in )  9, 296-301 (1958) .  
Ion-exchange  res ins  m a y  be used for  n e u t r a l i z a t i o n  of f a t s ,  
removM of t r ace  elements ,  and  ana lys i s  of t race  elements .  The 


