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the ant ibacter ia l  agent  remains on the cloth. The re- 
suits are given iu Table IV. 

Summary 
I t  has been determined tha t  the incorporat ion of a 

highly active ant ibacter ial  agent, phenylmereur ic  pro- 
pionate, into an aqueous solution of a fabric softener 
of the qua te rna ry  ammonium type results in a most 
effective ant ibacter ial  l aundry  rinse additive. The 
presence of the qua te rna ry  ammonimn compound ap- 
pears  to enhance the ant ibacter ial  act ivi ty  of the 
mercurial .  When  applied at a level of 63 par ts  of 
available mercuria l  to one million pa r t s  of fabric,  
the t reated cloth is rendered baeteriostatic to several 
s trains of S. aureus and to ammonia-producing  or- 
ganisms of the Proteus group, also mildewstatie to 
Chaetomium globosum. The formula ted  antibacterial  
softener  as well as the t reated linens appear  to be 
ent i rely safe to humans.  

In  longer- term applicat ion tests in a hospital  laun- 
d r y  the total bacterial  load carr ied by the soiled 
t rea ted  linens is pract ical ly zero. There is no exces- 
sive build-up of ant ibacter ial  agent  on fabric  upon 
repeated applications, and it is readi ly  washed out 
of the fabric by  conventional laundering.  
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Studies in the Development of Antibacterial Surfactants. 
Performance of Germicidal and Deodorant Soaps 
W. M. LINFIELD, R. E. CASELY, and D. R. NOEL, Soap Research Laboratories, 
Grocery Products Division, Armour and Company, Chicago, Illinois 

II. 

A 
T~I()~T(~tl the so-called deodorant  toilet soaps have 
been a popular  consumer i tem for  more than  a 
decade, little te(.huical informat ion  has been 

published (m tile ant ibacter ial  or deodorant  proper-  
ties of such soaps. I t  was recognized tha t  these soaps 
owed their  deodorant  effectiveness to the retention of 
the ant ibacter ial  addit ive on the skin at a sufficiently 
high concentration to inhibit the growth of various 
odor-producing ulicr(l-orgauisnls. The best known of 
these additives is probably hexachlorophene, and Blank 
and co-workers (1, 2, 3) published a series of articles 
in which the effectiveness of hexachlorophene-contain- 
ing soap was discussed. 

Recent ly  it has been discow~red by Casely and  Noel 
(4) that  certain pairs of chemically-unlike antibac- 
terial  agents will exhibit a marked  degree of syner- 
gisms either per se or when incorporated into soap or 
other surface-active agents. The synergism is par t icu-  
la r ly  s t r iking between certain bisphenols and ~arious 
halogenated anilides and carbanilides, and a detailed 
bacteriological s tudy  in this area will be published in 
the near  fu ture  (5).  

The present  s tudy  covers p r imar i ly  soaps containing 
synergistic mixtures  of 3,4,4'-trichlorocarbanilide (ab- 
breviated T.C.C.) and hexachlorophene, or mixtures  of 
t r ichlorocarbanil ide and 2,2'-thiobis-4,6-dichlorophenol 
(known as bithionol).  In  order to develop an effective 
ant ibacter ia l  soap based upon such synergist ic mix- 
tures  it was necessary to establish the op t imum ratio of 
the two components in each system. Secondly it  wa:~ 

of importance  to s tudy the effect of the surface-active 
substratc  upon the effectiveness i)f the antibacterial  
agents. Among various types of surface-active agents 
only the nonionic detergents  exhibit a pecul iar  potenti-  
at ing effect upon certain germicidal agents, which is 
in conflict with an earlier l)ublieation on hexachloro- 
phene (6) but  confirms the findings of Gregg and 
Zopf (7) also on hexachlorophene. 

The s tudy  of the synergistic effect was broadened 
to include various types of micro-organisms, among 
which various resistant  strains of S. aureus were of 
special interest  in view of the illereasing spread of 
Staphylococcus infections ill mnllerous Uni ted States 
and European  hospitals. 

The scope l)f the investigation, which up to this 
point  was pure ly  on all i~ vitro basis, was extended 
to two types  of studies. The first was a degerming 
s tudy by a prescribed handwashing technique, and 
the other a lmrely  subjective evaluation of deodorant  
activity. Although beyond the scope of this publica- 
tion, it should be mentioned that  toxicological data  
were obviously needed and a summary  of such data 
follows. 

Experimental 

Variation of Synergist ic  Effect  with Changes in the 
Ratio of Components. All experiments  were carr ied 
out in a toilet soap medium. Fo r  this purpose  the 
individual  germicidal compounds or mixtures  of com- 
pounds were incorporated at a total germicidal  level 
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of 1.0% into a conventional toilet soap base, obtained 
from the saponification of a blend of 20% coconut oil 
and 80% inedible tallow. This was accomplished by 
passing a blend of the dry  germicidal ingredient and 
soap chips (nloisture content 11%) repeatedly over a 
three-roll laboratory soap mill until  the blend ap- 
peared physically homogeneous. The blended soap 
chips were theu dissolved ill water to give a 1.0(~ 
soap solution, which corresponds to an 0.01% con- 
centration of germicidal agent. Since some of the 
latter are not very water-soluble, these soap solutions 
were shaken before each test to insure a mliform sus- 
pension in water. 

The bacteriological ewlluations were carried out 
with a modified agar streak method (8). Aliquots of 
the 1.0% test soap sohltimls were added to nieasured 
amounts of liquid glucose t ryptone extract agar, and 
the resulting mixture was poured into Petri  dishes. 
As soon as the agar had hardened, its surface was 
streaked with a standard loop containing a 24-hr. 
culture of S. aure,s F.D.A. strain No. 209. After  an 
incubation period of 48 hrs. at 37~ the plates were 
examined visually, and the anlount of growth was 
recorded. 

"FABLE I 

Ant ibac te r i a l  Effect iveness  of Var ied  l~atios of Hexachlorophene  and 
3,4 ,4 ' -Tr ich lorocarbani l ide  (T.C.C.) in  Soap 

(Modificd Agar  S t reak  Method) 

Rat io  

100% tIexachlorophene,  0% T.C.C .......... 
90% Hexachlorophene,  10% T.C.C .......... 
70% Hexachlorophene,  30% T.C.C .......... 
50% Hexachlorophene,  50% T.C.C ......... 
4 0 % Hexachlorophene,  60% T.C.0 ......... 
30% I iexachlorophcne ,  70% T.C.C ......... 
2 0 %  Hexachlorophene,  80% T.C.C .......... 
10% Hexachlorophene,  90% T.C.C .......... 

0% Hexachlorophene,  100% T.C.C .......... 

Code: 

Bac te r i a l  g rowth  r a t i ngs  
Total  an t ibac te r i a l  agent  

at 0 .04  at 0.02 
p.p.m, l).p.m. 

2 3 
0 2 
0 2 
0 1 
1 2 
1 3 
1 3 
2 3 
3 3 

0 - n o  g rowth  ; 1 - s l i g h t  g rowth  ; 2 - m o d e r a t e  growth  ; 3 heavy growth.  

In  this nmnner a ratio s tudy of the synergistic pair 
T.C.C. and hexachlorophene was carried out, the re- 
sults of which are summarized in Table I. The analo- 
gous s tudy of the pair T.C.C. and bithionol was car- 
ried out by using the sanle method,,and tile results of 
this s tudy are sunlnlarized ill Table 1I, The growth 
was :rated and coded in the following maimer:  0 = no 
growth;  1 = slight growth, where only a few sporadic 
colonies can be seen Oil the plates; 2 = moderate 
growth, where growth occurs along the streaks but 

TABLE II 

Ant ibac te r i a l  Effect iveness  of Var ied  Rat ios  of B i th iono l  and 
3 ,4 ,4 ' -Tr ich lorocarbani l ide  (T.C.C.) in  Soap 

(Modified A g a r  S t reak  Method)  

P~atio 

100% T.C.C., 0% Bi th ionol  ...................... 
90% T.C.C., 10% Bi th iono l  ...................... 
70% T.C.C., 30% Bi th iono l  ...................... 
60% T.C.C., 4 0 %  Bi th iono l  ...................... 
50% T .C .C ,  5 0 %  Bi th iono l  ...................... 
4 0 %  T.C.C., 60% Bi th iono l  ...................... 
30% T.C.C., 70'% Bi th iono l  ...................... 
2 0 %  T.C.C., 80% Bi th iono l  ...................... 
10% T.C.C., 90% Bi th iono l  ...................... 

0% T.C.O., 1 0 0 %  Bi th iono l  ....................... 

Bac te r i a l  g rowth  r a t ings  
Total  an t ibac t e r i a l  agent  

at  0.1 at  0.04 
p.p.m, p.p.m. 

1 3 
0 3 
0 3 
0 2 
0 1 
0 1 
0 3 
1 3 
3 3 
3 3 

Code:  
0 - n o  g rowth  ; 1 - s l i g h t  g rowth  ; 2 - m o d e r a t e  g rowth  ; 3 - h e a v y  growth ,  

T A B L E  III 

Potentiat ing" Effect  of Yar ious  Nonionic  Dete rgents  on the Ant ibac te r i a l  
Effect iveness  of Tr ich lorocarbani l ide  in  Soap 

(Ra t io  of T.C.C. to nonionic  1 : 1 0 ;  tes t  o rgan i sm S.  aureus ,  
F.D.A. No. 209)  

Type of non ion ie  

Tetronie  908 a ........................................ 
Tridecyl  alcohol + 20 E tO ...................... 
Tr ideeyl  alcohol + 15 E tO ...................... 
Stearic  aeid + 15 E tO ............................ 
Coco fa t ty  acid + 15 E tO ....................... 
Tween 80 b .............................................. 
Nonylphenol  + 9 E tO ............................. 
Nonylphenol  + 15 E tO ........................... 
None ........................................................ 

A m o u n t  of bacter ia l  ' rowth 
(p.p.m. basis s :ar) 

a t  0.2 a t  0.1 
p.p.m, p.p.m. 

0 0 
0 0 
0 0 
1 +  a +  
0 2 +  
0 1 +  
0 1 +  
0 l +  
1 +  3 +  

at  0.05 
p.p.m. 

3 +  
,34- 
a +  
3 +  
a +  
3 +  
3 +  
3 +  
3 +  

a Regis tered t r a d e m a r k  of the Wyando t t e  Chemicals Corpors t ion .  
') Regis tered t r a d e m a r k  of the Atlas  Powder  Company.  
Code : 0 ---- no g rowth  ; 1 +  ---- s l igh t  g rowth ;  2 +  ---- moderate  g rowth  ; 

3 +  ~ heavy g r o w t h ;  EtO ~ moles of ethylene oxide. 

one-half or more of the surface of the plate still shows 
little or no growth;  and 3 = heavy growth, where 
there is luxuriant  growth over practically the entire 
surface of the plate. 

Examination of Table i indicates that; a 50/50 ratio 
of the two components T.C.C./hexaehlorl/phene in a 
soap medium represents an optimum with respect to 
bacterial inhibition, and the same phenonlcmm can 
be observed with the T.C.C./bi thional  soap system 
(Table I I ) .  

Effect of Nonionic Surface-Active Age.,ts vpo~ the 
Activity of Antibacterial Agents. In  view of the ill- 
solubility in water of the T.C.C. w, ' ious nOllil,lic 
surfaetants were exph)red as solvent for the latter. 
Subsequently it was found that nearly all of these 
solvents exert a potentiating effect upon the antibac- 
terial activity of T.C.C. Potentiation of either hexa- 
chlorophene or bithionol by nonionies is rlcgligible. 

The technique used was essentially the sanlc as out- 
lined above for the ratio study. The only deviation 
was that trichlorocarbanilide was first dissolved in the 
various nonionics to give a 10% solution. These 10% 
solutions were then added to soap by milling ill, as 
described above. In  all tests the T.C.C. concentration 
in the soap was 1.0%. The soap chips thus prepared 
were dissolved in water to give 1.0% soap solutions, 
and aliquot portions were withdrawn for bacteriolog- 
ical evaluation. 

The data in Table I H  clearly illustrate the poten- 
t iating effect of some nonionies. Apparen t ly  the roche- 
esters of polyglyeols are rather ineffective, particu- 
larly in the ease of the monostearate. On the other 
hand, the polyglycol ethers of tridecyl alcohol and 
nonylphenol are quite effective. Tetronie 908 ~ like- 
wise is an effective potentiating agent. The behavior 
of Tween 80 2 should also be noted. This product  
is widely used as a neutralizing agent for various 
antibacterial agents, part icular ly the phenolic types. 
in view of the potentiating effect observed with Tween 
80 and other nonionies in contrast to the neutralizing 
effect reported in the l i terature (6), this s tudy was 
extended to cover a concentration range of the non- 
ionies. The data in Table IV show that  the nonionies 
tested act as neutralizing agents at high levels but 
act as potentiating agents at low levels. 

Antibacterial Spectrum of the Synergist Hexa- 
ehlorophene-Trichlorocarbanilide. Hitherto this s tudy 
has covered the evaluation of these antibacterial soaps 

1 T r a d e m a r k  of W y a n d o t t e  Chemicals  Corpora t ion .  
2 T r a d e m a r k  of the  At las  P o w d e r  Company.  
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TABLE I V  
I n h i b i t i o n  or Po ten t i a t i on  of An t ibac te r i a l  Ac t iv i ty  of T.O.0. as a 

F u n c t i o n  of Nonionie /T .C.C.  Rat io  ( in  Soap) 

myp.e of 
nonlonlc  

Tween 80 a 

Tet ronic  908 b 

Rat io  
Non ion i c /  

T.C.C. 

5 : 1  
1 0 : 1  
2 0 : i  
5 0 : 1  

1 0 0 : 1  
5 : 1  

I 0 :  I 
20 :  i 
5 0 : 1  

1 0 0 : i  

A m o u n t  of growth  of S .  a u r e u s  
F.D.A.  No. 209, at  s ta ted con- 

cent ra t ions  of T.C.0. 

0 .2p .p .m.  

0 
0 
0 
0 
3+- 
0 
0 
1 §  
3 +  
3+ 

0 .1p .p .m.  

2 +  
3 +  
3 +  
3 +  
1 +  
2 +  
3 +  
3-4- 
3 +  

a Regis te red  t r a d e m a r k  of the At las  P o w d e r  Company.  
b Regis te red  t r a d e m a r k  of the W y a n d o t t e  Chemicals Corporat ion.  
0ode :  0 ~ no g rowth  ; 1-] = s l ight  g rowth  ; 2 +  ---- moderate  g rowth  ; 

3 +  7_ heavy  growth.  

against  but  one type of micro-organism, S. aureus  
F.D.A. No. 209. Obviously an effective alltibaeterial 
soap must  be active against  a var ie ty  of organisms. 
Act ivi ty  against  a wide spect rum of micro-organisms 
has been determined by using soap containing either 
hexachlorophene or T.C.C., or the synergistic mixture  
of the two at a 50:50 ratio, which represents  the opti- 
mum activi ty as previously shown. The method of 
evaluation was the same except for  the type  of test 
organism employed. A detailed bacteriological s tudy 
is being published elsewhere. However  a brief  sum- 
ulary of our findiugs is given in Table V. The test  
results show agai tt the ra ther  s t r iking phenomenon of 
synergism. Inc identa l ly  it is clearly indicated tha t  
the antibiotic-resistant strains of S. aurcus  are not 
resistant  to the three chemical antibacterial  agents 
tested. 

T A B L E  V 
Concent ra t ion  of Ind ica ted  Bac te r ios ta t  ~ ( in  p.p.m.) in L i q u i d  N u t r i e n t  

Agar  Requi red  Completely to I n h i b i t  the Growth  of 
I ridiculed Organ i sm 

] Bacter ios ta t  

Organlsnl I ID~ (~x/~lab~o~ - I 

Ant ib io t ic - res i s tan t  Illicrot'oc(:tls 
S t r a i n  No. 388010 ........................ 0.2 
S t r a i n  :No, 388014 ....................... 0,5 
S t r a i n  No. 388062 ....................... 0,5 
S t r a i u  No. 3 8 8 1 ] 5  ....................... 0.5 
S t r a i n  Nu. 388128 ....................... 0.5 

Gram-nega t ive  types 
E .  colt  ........................................... 120 
S .  t y p h o s a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200 

Pa thogen ic  fung i  
T.  i n t e r d i g i t a l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
C. a l b i c a n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1+00 

3,4,4'- Synerg is t i c  
Triehloro- mix tu re  b 
carbani l ide  

0.2 0.1 
0.5 0.25 
0.5 0.25 
0.2 0.1 
0,5 0.1 

120 50 
180 90 

1 0.5 
80 40 

a Bacter ios ta t  in  soap vehicle. 
b Synergis t ic  m i x t u r e :  50% hexachlorophene and 50% 3.4,4'- tr iehloro- 

carbani l ide .  

I n  V i t ro  ver sus  in  Vivo  P e r f o r m a n c e  of  Bacter io-  
stats.  Invest igators  in the field of bacteriostatic soaps 
are well aware tha t  i n  v i t ro  act ivi ty  does not neces- 
sari ly indicate act ivi ty in  r i ve .  Less famil iar  perhaps  
is the fact  tha t  potential  deodorant  act ivi ty is not 
necessarily related to antibacterial  activity in  v ivo as 
determined by  the s tandard  hand  washing techniques 
as set for th by Cade (9). 

To determine these relationships a unique subjec- 
tive method of deodorant  evaluation has been devel- 
oped. h i  this procedure a panel  of 40 to 60 male 
subjects is selected by screening their abili ty to dis- 
t inguish betweeu the effects of a medicated versus  a 
nomnedieated soap. Each subject  is his own judge of 
effectiveness, replacing the t radi t ional  two or three 
judges general ly used in this work. 

Each  par t ic ipa t ing  individual  uses control soap for  
all ba th ing  for a period of one week, s ta r t ing  on a 
Fr iday .  The second F r i d a y  the under -a rm use of test 
soaps in a prescribed manner  is inst i tuted for  a sec- 
ond period of one week. Beginning on Monday of the 
second week, and daily through Fr iday ,  each subject  
observes and records the odor in each under -a rm area  
of his shir t  or Tee shirt.  Control soap is continued for  
ba th ing all other skin areas dur ing this period. Clean 
shir ts  or Tee shirts are worn each day. The usual 
restr ict ion as to the use of cosmetics in under -a rm 
areas is observed. Repor ts  on odor observations are 
collected daily, and the results are compiled at the 
conclusion of the test. I t  should be emphasized that  
test bars are assigned to one arm in one-half the panel, 
and to the other a rm in the other half, in a raildom 
manner ,  to eliminate r igh t -a rm or le f t -a rm bias. 

I n  the tables the deodorant  act ivi ty  of 2.0% of hex- 
achlorophene in soap is a rb i t ra r i ly  assigned the value 
of 100, and the act ivi ty  of other bars is expressed in 
percentages thereof. 

Table V I  is i l lustrat ive of the fact  that  deodorant  
c a p a c i t y  is not  n e c e s s a r i l y  i n d i c a t e d  b y  i n  v i t r o  
ant ibacter ia l  perforniance.  Thus the 0.5% level of 
bronfinated salicylalfilidc and the 1.0% level of tetra-  
methylthiuramdisuls while showing comparat ive ly  
negative ant ibacter ial  act ivi ty in  witro, yield respect- 
able deodorant  activity. The skin-substaut ivi ty of these 
two chemicals is not revealed by in  v i t ro  methods. 

T A B L E  V~ 
I n  v i t r o  Aet iv i ty  Compared with. l ) eodoran t  Effect iveness  

A m o u n t  of growth  of S .  a a r e u 8  in n u t r i e n t  aga r  plates  witt t  
aga r  con ta in ing  equal al iquots  of 1 .0% solut ion of test  bars  

. . . . . . . . . . . . . . . . . . .  Deodoran t  
17.I .. . . .  S?aPhas ' i s aga r_  capaci ty  a 

Test  ba r  

2 .0% Hexachloropl tene in soap ........... 0 0 0 1O0 
] .0% Synerg i s t  ]mxaehlorol~lWne' 

T.C.C. in  soap .................................. 0 0 0 92 
2 .0% T.O.C. in soap ............................. o 0 2-+- 89 
0 .5% Tr ibromosal icy lani l id  e 

in  soap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 +  3~  3 +  69 
1.0% Tet ra  nethyl t i i iur  m- 

~lisiulfid e i ~ .  ~(2!!!2:::.::.: ....... : : :  ............. 32- . . . . .  3 +  3 +  67 

a }[exal.hloruphene pl, rfornlance i'litl,(l at 100. 

Table VII  shows that  skin-dt,gernling, as determined 
by s tandard  t tandwashing procedures, is not neces- 
sari ly a preeise measure ()t' th,odorant activity.  

Theoretical  

The texture of skit! ill body areas nn)st product ive 
of body odors is entirely <lifferent from that  of the 
pahns  of the haml. Anlibacler ia l  chemh:als at, the 1.0 
or 2.0% level accumiflate in relatively large quan- 
t i ty  in the larger  pore openiiigs of skin areas, such 
as the Uilder-arm area, as a f!inction of soap retention. 
Thus the deodoram chemical concentrates where it 
does the most good. 

T A B L E  V [ !  
Skin  l ) ege rming  ( 0 a d e  Te rbn lqae )  0ompared  witb 

Deodorant  E ff ,c t iveness  

% Redac t ion  Deodoran t  
in bac te r ia l  capaci ty b 

c o u n t s  a 

2 , 0 %  Hexachloruphene in seal, .................... 88 100 
2 ,0% T.0.C. in soap ...................................... 97 89 
1 , 0 %  Synerg i s t  hexach lorophene /  

T.C.C. in soap ............................................ 83 92 
1.0% Synerg i s t  b i th iono l /  

T.0.O. in  soap ............................................ 90 87 

a F i f t h  basin,  11th  day of use. 
Hexachlorophene  pe r fo rmance  ra ted  at  100.  
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While lesser amounts  of skin-substantive agents 
(0 .5%) may give relat ively equivalent degerming 
action on the hands, it is reasonable to suppose that  
the advantages  of skin-substant ivi ty are largely over- 
shadowed by  the gross pick-up of soap in the under-  
a rm areas. Thus any  agent  at  higher levels (1.0 to 
2.0%) in soap  y i e l d s  g r e a t e r  a c c u m u l a t i o n  and  
greater deodorant  act ivi ty than  at the 0.5% level. 

I t  would therefore appear  that  the best measure 
of the deodorant  capaci ty of a soap is a deodorant  
evaluation s tudy  ra ther  than  a bacteriological evalu- 
ation by means of controlled handwashing.  

Toxicology. The complete toxicity pic ture  was de- 
veloped for the ant ibacter ia l  synergis t  system hexa- 
chlorophene/T.C.C,  in soap. 

These studies indicate that  soap containing this eom- 
biuation is neither a p r i m a ry  skin i r r i t an t  nor a skin- 
sensitizing agent. The acute oral toxici ty for dogs 
lies above 16 g. per kih) which rates as "p rac t i ca l ly  
nontoxic. ' ' 

Summary 
It  has been shown that  mixtures  of hexachlorophene 

and tr ichlorocarbanil ide or bithionol and trichloro- 
earbanil ide in soap show a marked synergism with 
respect  to ant ibacter ia l  properties.  In  both cases the 
approx imate  rat io of 50/50 of the two components 
represents  an opt imum. 

Nonionie detergents  enhance the ant ibacter ial  activ- 
i ty  of tr iehloroearbanil ide i'n vitro when present  at  
relat ively low levels. At  higher levels of nonionie 
the ant ibacter ial  agent  is neutral ized and loses its 
effectiveness. 

The ant ibacter ial  act ivi ty of the pair  hexaehloro- 
phene-tr iehloroearbanil ide extends over a wide spec- 
t r u m  of micro-organisms, and synergism is shown 
with each test  organism. 

High ant ibacter ial  act ivi ty of the synergistic pairs  
in soap is shown both in in vivo handwashing studies 
and in subjective deodorant  tests. On the other hand, 
it is shown by way of several examples that  in vivo 
observations do not necessarily correlate with in vitro 
bacteriological screening tests. 
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Search for New Industrial Oils. III. Oils  rom Composirae 
F. R. EARLE, I. A. WOLFF, Northern Regional Research Laboratory, 1' ,2 Peoria, Illinois; and 
Q U E N T I N  IONES, Crops Research Division, 2 Beltsville, Maryland 

T 
IlE COMPOSITAE are the largest  fanlily of flowering 
plants  and include about  900 genera and more 
than  13,000 species. Two species, safflower and 

sunflower, are grown for oil product ion on a commer- 
cial scale. In  addit ion to these, some two dozen species 
have been studied sufficiently, with respect to oil 
composition, to be reported in reference works on oils. 
Linoleie and oleic acids are the major  component  acids 
found in the oils reported,  with linoleie acid usual ly 
in the greater  amount.  Linolenie acid is repor ted in 
amounts  up to 4% in some oils but is absent f rom 
others (5).  Only Vernonia anthelmintica (6, 7), Cal- 
endula o~cinalis (9), and Chrysanthemum eoronarium 
(10) have been repor ted to deviate f rom the pat tern .  

Among  the first 87 oils studied in our extensive 
search (4) for  new industr ial  oils were 16 f rom seeds 
of different species of the Compositae. Out of these 
16, two are repor ted in the comprehensive compendia 
by  Eekey  (5) and Hildi tch (7).  

Materials and Methods 
The seeds used as sources of oils, like those for  Pa r t  

I (4) of this series, were provided by  the New Crops 
Research Branch,  Agr icu l tu ra l  Research Service, U. S. 
Depa r tmen t  of Agricul ture.  Methods used are the 
same as those described in P a r t  I .  Their  p r i m a r y  pur-  
pose is to permi t  selection of oils of unusual  and po- 
tent ia l ly  useful  composition ra ther  than  to give posi- 

1 This is a l abora to ry  of tile Nor thern  Utilization Research and Devel- 
opment  Division. 

Agr icu l tu ra l  l~esearch Service, U. S. Depa r tmen t  of Agr icul ture .  

t i re  identification of any  acids. They probably  give an 
adequate representat ion of most of the oils al though 
unsuspected interferences in some crude oils may  
cause them to give inconclusive or erroneous results. 

Results and Discussions 
Results of screening analyses are presented in Table 

I. The range in iodine value f rom 102 to 147 is typica l  
of the fami ly  (5).  The low value for  Vernonia anthel- 
mintica is related to the high propor t ion  of monoene 
while the low value for  Cosmos bipinnatus results f rom 
the high proport ion of sa tura ted  acids. The highest 
iodine value is found in the oil f rom Rudbeckia bicolor, 
which contains the largest  propor t ion of apparen t  lin- 
oleie acid. 

When  iodine value is plotted against  refract ive  
index, oils of the Comp.ositae are in agreement  with 
the regression line calculated fo.r oils of 71 species 
(4) with four  exceptions, those f rom Dimorphotheca 
aurantiaca, Vernonia anthelmintica, Artemisia absin- 
thium, and Chrysanthemum leucanthemum. Data  for  
six addit ional  oils are perhaps  fa r  enough f rom the 
line to suggest a need for  fu r the r  study. The probable  
reason for  the divergence of V. anthelmintica oil is its 
high content of epoxyoleie acid (6).  D. aurantiaca 
and A. absinthium oils are shown by tests, discussed 
later, to contain conjugated unsaturat ion.  The reason 
for  the deviation of C. leucanthemum oil is not appar -  
ent. The oil has complex absorption in the ul t raviolet  
and an unusual  reddish color. I t  is not suitable for  
analysis  by  the A.O.C.S. method for  po lyunsa tura ted  


