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sition. As noted before (14) epoxy esters give a lower 
response than nonoxygenated esters when a fl-ioniza- 
t ion detector is used. In  addition, any  d ihydroxy 
esters, such as occur in the esters f rom Vernonia  oil, 
will not be measured. The effect of both these factors 
is to give high values for the nonoxygenated esters 
(cf. Table I ) .  

Most of the methods described for  the isolation of 
epoxy acids or esters are equally, or more suitable 
for  the isolation of hydroxy  or other oxygenated de- 
rivatives. Thus a wide range of methods is available 
for the isolation of epoxy and other oxygenated acids 
and esters, and some of the methods, in conjunction 
with gas-liquid chromatography,  may  be used to give 
more accurate analyses of the mixed esters of oils 
containing these derivatives than  are possible with 
older analyt ical  methods. 
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Antimicrobial Activity of Some Ricinoleic and 
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l~icinoleic and oleic acid derivatives were screened for 
their antimicrobial activity, under optimum growing-condi- 
tions, against several species of bacteria, yeasts, and molds. 
Several ricinoleic acid derivatives and petroselinic (iso-oleic) 
acid exhibited considerable activity; in fact, their activity 
against some micro-organisms was comparable to sorbic and 
10-undecenoic acid, known antimicrobial agents, as indicated 
by this test. 

T H E  A N T I M I C R O B I A L  ACTIVITY o f  various types of 
f a t t y  acids or f a t t y  acid derivatives has been 
studied by a number  of investigators, using dif- 

ferent  techniques and organisms. According to Kiesel 
(10), the antimyeotic action of sa tura ted  f a t ty  acids 
increases as the number  of carbon atoms in the chain 
increases up to eleven, and the branched-chain f a t t y  
acids are less active than straight-chain f a t t y  acids 
of equal molecular weights. Tetsumoto (20,21,22) 
observed tha t  the unsa tura ted  f a t t y  acids are more 
antimycotic than  the corresponding sa tura ted  f a t t y  
acids, tha t  the normal  f a t t y  acids are more active 
than the isomeric acids, and tha t  the act ivi ty is due 
to the undissoeiated molecule, not the anion. The 
fungistat ic  act ivi ty of an organic acid varies with 
the p H  of the test  medium;  the act ivi ty is roughly  
proport ional  to the concentration of the nonionized 
molecules (8).  Cowles (4) found the bactericidal  
action of f a t t y  acids to be greater  at low p H  values 
and the long-chain f a t t y  acids to be more active than  
the short-chain f a t t y  acids. Keeney et al. (9) stated 
tha t  the long-chain f a t t y  acids are more fungicidal  

1 One of the laboratories of the Southern  Utilization Research and 
Development Division, Agr icu l tu ra l  tCesearch Service, U.S. Department 
of Agriculture. 

than  the short-chain f a t t y  acids. Wyss  et al. (24) 
found tha t  the antinlycotic action of f a t t y  acids in- 
creases with chain length up to 12 carbon atoms, 
that  the unsa tura ted  f a t ty  acids are slightly more 
active than the corresponding saturated f a t t y  acids, 
and that  f a t t y  acids possessing an odd number  of car- 
bon atoms are no more active than the even-numbered 
homo]ogs. The results obtained by Spoehr et al. (18) 
indicated that  f a t t y  acids with 16 or fewer carbon 
atoms exhibit ant ibacterial  act ivi ty;  tha t  oleie, elaidic, 
linoleie, fl-eleostearic, and fl-licanie acids lacked anti- 
bacterial  power but  acquired it on photo-oxidation; 
that  stearic acid lacked ant ibacter ial  power even a f te r  
photo-oxidation; and that  glycerides lacked antibac- 
terial  power even though the respective f a t t y  acids 
were antibacterial .  McGowan et al. (15) suggested 
tha t  the fungistat ic  act ivi ty of substituted, unsatu- 
ra ted  f a t t y  acids is associated with the tendency of 
the subst i tuents  to wi thdraw electrons f rom the eth- 
ylenic bond. Stedman (19) found that  propionic, 
undeeylenic, and caprylic acids exhibit superior  anti- 
microbial action at  acidic pH ' s .  Melnick et al. (16). 
repor ted  tha t  ~,fi-unsaturated f a t ty  acids, such as 
sorbic acid, are hernial t rans i tory  metabolites in the 
oxidation of sa turated f a t t y  acids by molds; how- 
ever high initial  concentrations can inhibi t  the dehy- 
drogenase enzyme system in molds. Inhibi t ion of this 
impor tan t  enzyme system is held responsible for the 
fungistat ic  or fungicidal  act ivi ty of sorbic acid. The 
bacteriostatie action of unsa tura ted  f a t ty  acids was 
observed by Kodieek (11) to increase as the number  
of cis ethylenic bonds increases. I t  was noted also 
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that  branched or straight-chain, sa tura ted  fa t ty  acids 
of 12 to 14 carbon atoms are bacteriostatic. 

The antimicrobial  action of sorbic acid is related 
to the concentration of the undissoeiated acid (1). 
There are indications that  sorbic acid is an inhibitor 
of su l fhydry l  enzymes (23). According to Sokoloff 
et al. (17), the oxidation of highly-unsaturated,  long- 
chain f a t t y  acids increases their  ant i fungal  activity.  
The qua te rna ry  ammonium derivatives of long-chain 
fa t ty  acids are very active against  fung i ;  the unsatu- 
ra ted f a t ty  acid derivatives are the most active. 

Since it has recently been shown tha t  10-hydroxy- 
trans-2-decenoic acid (3) possesses antimicrobial  ac- 
t ivi ty  (2), ricinoleic (12-hydroxy-cis-9-oetadecenoie) 
acid derivatives were screened to determine their  
potent ial i ty  as antimicrobial  agents. Oleic (cis-9- 
octadeeenoic) acid derivatives were screened for  
comparat ive purposes. 

Experimental 
Materials. Ricinoleic and oleic acid derivatives 

tested for  their  antimicrobial  act ivi ty were p repared  
in the course of other investigations (5,6,7,13,14). 
The micro-organisms used were obtained f rom stock 
cultures. Difco Bacto Dehydra ted  Stock Culture Agar  
at p H  7.0, Difco Bacto Dehydra ted  Yeast  Morphology 
Agar  a t  p H  4.5, and Difco Dehydra ted  Mycological 

Agar  at  p H  7.0 were selected to test the inhibition of 
the bacteria, yeast, and mold cultures, respectively. 

Procedure. Ricinoleic and oleic acid derivatives 
were screened for their antimierobial  act ivi ty against  
two bac te r i a - - a  gram positive, Micrococcus pyogenes, 
and a gram negative, Escherichia coli; several yeasts 
--Saccharomyces cerevisiae, Candida stellatoidea, and 
Torulopsis sp.; and several molds--Neurospora sp., 
Alternaria sp., M,cor sp., Hormodendrum sp., Geot- 
richum sp., Penicilhtm sp., and Aspergillus sp. 

Seeded agar  plates were used to measure the anti- 
microbial act ivi ty against  bacter ia  and yeasts. The 
filter paper  disc method was used to evaluate the 
liquid compounds, and the cyl inder  plate method was 
used to evaluate the solid compounds. Standard-size 
paper  discs or uniform-size stainless steel cylinders 
were placed on the surface of the previously inocu- 
lated plates. The liquid compounds were pipet ted 
onto the discs, and the solid compounds were intro- 
duced into the stainless steel cylinders. Streaked 
plates were used to measure  the act ivi ty against  
molds. Hardened  agar  plates were streaked with the 
test mold before the compounds were added onto 
specified areas of the plates. To eliminate any errors 
which could result  f rom an insufficient number  of 
tests, a min imum of three experiments  employing 
duplicate plates was used for measuring the anti- 
microbial act ivi ty of each compound. 
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All plates were incubated at the optimum growing- 
temperature  for each organism. Readings were made 
af ter  24, 48, 72, and 120 hrs., respectively. Zones of 
inhibition were compared to those of the controls. 

Results and Discussion 
Of the rieinoleic and oleic acid derivatives screened 

for their antimicrobial activity against several species 
of bacteria, yeasts, and molds under optimum grow- 
ing-conditions, such as pH, nutrition, incubation tem- 
perature, and moisture, several exhibited considerable 
activity (Table I ) .  In  general, these compounds did 
not exhibit as broad a spectrum as sorbic and 10-undec- 
enoic acids, common antimicrobial agents. Rieinoleie 
acid, 4-ricinoleoylmorpholine, 4-ricinelaidoylmorpho- 
line, methyl 12- hydroxystearate, 4- (12 - propionoxy- 
oleoyl)morpholine, and petroselinic (iso-oleie) acid 
in several cases however were comparable to these 
positive controls as indicated by this test. In many 
cases, the various compounds exhibited only a slight 
degree of inhibition, that is, the micro-organisms 
merely failed to grow over the compound. Even 
though some of the compounds exhibited only slight 
activity, they should not be ruled out as antimicro- 
bial agents. Under less favorable growing-conditions, 
such as that found in paint films, polymers, and co- 
polymers, the activity might be increased consider- 
ably. They may be effective also against other types 
of micro-organisms. 

Since there are different factors involved, such as 
solubility, absorption, metabolic degradation, etc., 
molecular structure of the compounds studied cannot 
be associated with antimicrobial activity. Even with 
this limited number of compounds and micro-organ- 
islns, observations indicate that it is impossible to 
make any generalization concerning the antimicrobial 
activity imparted by various functional groups in the 
molecule. The fl-hydroxy-cis-ene system in ricinoleic 
acid and 4-ricinoleoylmorpholine appears to impart 
activity to the molecule whereas it appears to decrease 
the activity in methyl rieinoleate. The fl-hydroxy- 
trans-ene system appears to impart activity to 4-ricin- 
elaidoylmorpholine but very little to rieinelaidic acid 
or methyl ricinelaidate. On the other hand, methyl 
12-hydroxystearate and petroselinie (iso-oleie) acid 
exhibited considerable activity even though neither 

one of these compounds possesses a fl-hydroxy-ene 
system. 

Cyanoethylation or esterification of the hydroxyl  
group in 4-ricinoleoylmorpholine, 4-ricinelaidoylmor- 
pholine, and 4-(12-hydroxystearoyl)1norpholine ap- 
pears to alter the activity of the molecule, reducing 
it in most cases, but  no generalization can be made. 

Similarly, converting the earboxyl of ricinoleic, 
ricinelaidie, and 12-hydroxystearie  acids to mor- 
pholino or methyl ester groups appears to alter 
the antimicrobial activity of the molecule but  not 
systematically. 

Some of these compounds nIight be of commercial 
interest since they possess such broad antimicrobial 
spectra. F o r  example, 4-ricinoleoyhnorpholine should 
probably be of interest in paint  films, plastics, and 
other polymeric materials for  its antimicrobial as 
well as its plasticizer properties (12). In  addition, 
some of the compounds tested may have medicinal 
applications. 
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