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FIG. 1. Price development of e s t e r s  a n d  poly-alpha olefins for 
synthetic automotive lubricants (Western Europe). 

scenarios of  these two base fluids. 
Al though the change in relative costing seemed to im- 

prove prospects  for oleochemical-based fluids, the future  of  
di- and polyolesters  in each of  the many  segments  of  the 
synthet ic  lubricant  business largely remains crystal ball 
watching.  Close contacts ,  alertness, f lexibi l i ty  and adequate  
responses to changes will cont inue  to dictate  the chance of  
s u c c e s s  in this industry.  

Impor t an t  aspects to consider  for present  deve lopment  
programs are: 

- t h e  relative price deve lopments  in 1984/1985,  
- t h e  security of  supply,  
- t h e  captive status of  oil companies ,  
- a d v a n c e s  in additive technology,  
- e n g i n e  builder trends, 
- d e v e l o p m e n t s  in cost of  crude oil and fuels, 
- c o n s u m e r  spending power,  
- l eg i s l a t ion  and impor tance  of  energy conservat ion,  
- c o s t  of  developments  in relat ion to the fu ture  com- 
mercial  benef i t  (p roduct  registration).  

Antimicrobial Agents Derived from Fatty Acids 
JOHN J. KABARA, Department of Biomechanics, Michigan State University, 
East Lansing, MI 48824 

ABSTRACT 

The author reviews his research, since 1966, for the idea[ germicide. 
The relationship between structure of fatty acids, their correspond- 
ing esters, and antimicrobial activity is presented. Saturated fatty 
acids have their highest activity when the chain length is twelve 
carbons (C~2) long; monounsaturated fatty acids reach their peak 
with palmitoleic acid (Cz6 : z ); the most active polyunsaturated fatty 
acid is linoleic. Trans isomers are not active against microorganisms. 
The esterification of fatty acids to mnnohydric alcohols leads to 
inactive derivatives, whereas esterification to polyhydric alcohols 
increases biological activity. Examples of glycerol and sucrose esters 
are reviewed. In general, the laoroyl derivatives are the most active. 
A few examples of esters as active pharmacological agents against 
organisms causing bovine mastitis are presented as well as the use 
of monolaurin (Lauricidin | as cosmetic and food preservatives. 
The safety and efficacy of fatty acid esters as potential germicides 
offer new and expanded roles for oleochemicals. 

INTRODUCTION 

"If all the drugs in the pharmacopoe ia  save three were 
dumped  into the ocean, it would  be so much bet ter  
for the pat ient  and so much  worse for the f ish."  - 
Wendell Homes 

These words by an American physician are prophe t ic  and 
" fo re saw"  the problems of  today ' s  envi ronmenta l  contami-  
nation. The chemical  industry has helped create a veri table 
arsenal of  weapons against microorganisms and insects. 
In our  narcissism with this ex t raord inary  technology  
developed since the early part  of  the 1900s, the specter  of  
danger to ourselves and the environs was over looked.  It  
is only in the past few years that  Silent Springs (1) and 
other  similar publ icat ions started to warn us of  our  folly. 

Today ,  quest ions about  our  chemical  world are being 
raised by government ,  industry and consumers.  How can 
we cont inue  to batt le the microorganisms which damage 
crops, are responsible for so many  diseases, and in general 
cause much  mischief  to man, and no t  add to the problem? 
Sulfa drugs and antibiotics certainly have been useful - but  
at a price. The  adminis t ra t ion of  these powerfu l  agents has 
created side effects  which have become more  a part  of  the 
problem than the solution. The growing resistance of micro-  
organisms to germicides is but  one example.  

The  solut ion to this ever-growing prob lem of using 
chemicals to eradicate disease and pest i lence is to " re turn  
to na ture" :  to find natural (nontoxic)  agents which will 
kill bacteria,  fungi, etc., but  will do lit t le or  no harm to 

JAOCS, vol. 61, no. 2 (February 1984) 



398 

J .J. KABARA 

Man or animal. In our case, this has resulted in a quest  
since 1966 to find the ideal germicide which could act on 
select cells and no t  have random ef fec t  on all cells. It was 
with this in mind  that  our a t ten t ion  was directed to the 
effect  of  fa t ty  acids on microorganisms.  

Soaps (saponified fat ty  acids) have been used by man 
since ant iqui ty  as a means for cleaning and disinfecting. The 
first recorded ment ion  of  " s o a p "  was made on a 4,000- 
year-old clay tablet  uncovered  at Tello,  Mesopotamia.  In 
ancient  times, soap was manufac tu red  in the h o m e  from 
animal fat and wood  ashes or lye. It was only in the 8th 
century  A.D. that  the making of  soap became an industry  
in Italy and Spain (2). 

Besides their  general cleaning characteristics,  soaps have 
been shown to be a useful antiseptic agent. Much of  the 
early l i terature on the subject  can be found  in reviews by 
Bayliss (3), Kodicek  (4) and Nieman (5). In subsequent  
years, the antifungal and bactericidal  propert ies  of  fa t ty  
acids have been extensively investigated (6-8) .  Other  
reports  po in t  to the inact ivat ion of  viruses by various 
soaps (9-12) .  

Since 1966, our  labora tory  has been s tudying structure-  
funct ion  relationships to enable us to unders tand bet ter  the 
mechanisms of  action of  fa t ty  acids and fat ty  acid deriva- 
tives. Since then, over 500 l ipophil ic  compounds  have been 
screened. Only a small por t ion  of  the data has been repor ted  
because of  the propr ie tory  nature  of  some of the findings. 
Much of our  published work can be found  in a number  of  
recent  reviews (13-16) .  This paper reviews only briefly 
the highlights of  past research (Table I) and focuses more  
closely on the present and potent ia l  use of  non tox ic  germi- 
cidal agents originated from fa t ty  acid derivatives. 

MATERIAL  AND METHODS 

Because of  the broad scope of  this conference ,  it would  be 
less than fair to present  comple te  details of  our screening 
methods.  It  is sufficient  to say that  both natural and 
synthet ic  lipids were tested in a l iquid broth.  Lipids were 
obtained f rom usual industrial sources and/or  were kindly 
provided by numerous  colleagues. Their  coopera t ion  
played a vital part in our  research effort ,  part icularly since 
funds for this type of  research were scarce. Many of the 
details used in our  screen can be found in several earlier 
papers by our  group (17, 18). 

Basically, the informat ion  obta ined  was based on effects 
noted  after placing the c o m p o u n d  to be evaluated in direct 
con tac t  with a spect rum of di f ferent  microorganisms.  The 

TABLE I 

Antimicrobial  History of Fatty Acids (FA) and Their Esters 

Clark, J.R. Effect of soaps on fungi 1899 
Reichenbach, H. Effects of FA on E. coli 1908 
Kiesel, A. Antimycotic action of FA 1919 
Eggerth, A.H. Alpha-Bromo FA 1926 
Bayliss, M. Structure-function relationship 1936 
Stock, C.C, and 

T. Francis Effects on viruses 1943 
Rothman, S., et al. Undecylenic acid 1946 
Kodicek, E. Unsaturated FA 1949 
Franke, W. Activity of cis-form 1949 
Nieman, C. Comprehensive review 1954 
Gershon, H., and 

R. Parmegiani Fluoro-fatty acids 1967 
Kabara, J.J., et al. Nonionic fatty acid derivatives 1972 
Kabara, J.J., et al. Isomeric unsaturated FA 1973 
Kabara, J.J., et al. Monolaurin (Lauricidin) 1977 

minimal  inhibi tory  concent ra t ion  (MIC) at 37 C could  
thus be determined.  It is impor tan t  to poin t  ou t  that  the 
usual disc m e t h o d  used for water-soluble ant ibiot ics  gives 
false in format ion  for l ipophilic compounds ,  since the 
a m o u n t  of  inh ib i tory  act ivi ty (zone of  inhibi t ion)  is l imi ted 
more  by a c o m p o u n d ' s  failure to move  of f  the disc (in- 
solubil i ty)  than by its lack of  biological act ivi ty per se. The 
disc m e t h o d  is never just if ied in screening for act ivi ty of  
l ipophil ic  agents. 

Lipids as Antimicrobial Agents 

Table II represents a good summary  of  our  exper iences  in 
testing fa t ty  acids, both saturated and unsaturated.  Several 
generalities can be noted.  First, sa turated fa t ty  acids 
exhibi t  their  highest activity with a chain length of  Clz 
(laurie acid). Second,  the in t roduct ion  of  a cis double  bond 
increases the ant imicrobial  activity of  the fa t ty  acid. 
Max imum effect  was dependent ,  however ,  on chain length.  
In the case of  monounsa tu ra t ed  fa t ty  acid, m a x i m u m  anti- 
microbial  effects  were found for the C16:1 derivatives 
(palmitoleic  acid). Third,  only the cis isomer was active. 
Trans fa t ty  acids have been shown to be inactive. Four th ,  
whereas the addi t ion of  a second double  bond (linoleic 
acid) increased activity,  a third double  bond (l inolenic 
acid) lowered activity.  

Unsaturated fa t ty  acids - represented by acetylenic  
linkages tend to be less active against some types  of  bacteria  
then e thylenic  unsatura t ion  (3). In a compara t ive  s tudy in 
our  labora tory ,  we found the acetylenic  derivatives to be 

TABLE 11 

Minimal Inhibitory Concentration (mM) of Saturated and Unsaturated Fatty Acids 

Fatty acid Organism 

Pseudomonas Streptococcus Staphylococcus Candida 
aeruginosa Group A aureus albicans 

Caproic NI NI NI NI 
Caprylic NI NI NI NI 
Capric NI 1.45 2.9 2.9 
Laurie NI 0.12 2.5 2.5 
Myristic NI 0.55 4.4 4.4 

Myristoleic NI O. 11 0.44 O. 55 
Palmitic NI 3.9 NI NI 

Palmitoleic NI 0.1 1.0 0.5 
Stearic NI NI NI NI 

Oleic NI 1.77 NI NI 
Elaidic NI NI NI NI 
Linoleic NI 0.09 NI 0.46 
Linolenic NI 0.35 1.79 NI 
Linoelaidic NI NI NI NI 
Arachidonic NI NI NI NI 
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slightly more active (17). 
The reader is urged to study the monograph "The 

Pharmacological Effect of Lipids" for greater details 
relating fatty acid structure to biological activity (19). 

Having surmised which effects chain length and un- 
saturation had in relation to antimicrobial activity, it was 
of interest to compare the effect of changing the carboxyl 
group by reduction to either an aldehyde or alcohol group 
(Table 111). Under these conditions the C12 acid, alcohol 
and aldehyde had approximately the same activity: a slight 
edge in biological activity going to the alcohol as compared 
to the acid (20). However, an interesting feature was that, 
when laurie acid was esterified to a monohydric alcohol, 
that antimicrobial activity was completely lost. This was 
true whether the alcohol was as simple as methanol or 
complex, as in the case of the cholesteryl laurate; both of 
these compounds were inactive. Also, when the terminal 
end of laurie acid was oxidized so that a dodecanedioic 
acid was formed, the dicarboxylic acid was also completely 
inactive. Included in this series, for reasons that were not 
completely clear, we also tested hydroxy laurie acid. Our 
results showed that this derivative was also active but not 
as active as lauric acid. However, in this case, esterification 
of the hydroxy laurie acid yielded an ester which did not 
lose activity as in the case of methyl laurate. This made us 
think that the hydroxyl group was important to the bio- 
logical activity. 

Because of this observation we decided to study the 
effects of esterification with poiyhydric alcohols (21). 
Some of the more readily available derivatives were those 
of glycerol ester. A complete series of glycerol monoesters 
were studied, ranging from glycerol acetate all the way up 
to glycerol linoleate (Table IV). The glycerol-l-laurate was 
the most active derivative found in our screen. Interestingly, 
the unsaturated fatty acids, when esterified to glycerol, 
became less active than their corresponding fatty acid. 
In the case of the straight-chain fatty acid, lauric acid, the 
ester was more active. All the monoglycerides were ester- 
ified in the alpha position. When we compared the glycerol- 
2-1aurate, or beta position, with glycerol laurate in the 
alpha position, we found for all practical purposes that the 
monoesters were identical in biological activity. 

To confirm further the effect of esterification with 
glycerol, we studied a whole series of mono-, di- and tri- 
glycerides (20). For ease of presentation, only esters 
containing C10 or C12 fatty acids are listed (Table V). 
One can see from the table that the monoester was much 
more active than the C10 (capric acid) derivative. The 1, 
3,-dicaprin has no activity. In the case of laurie acid, 
esterification to glycerine to form a monoester makes the 
derivative more active. Again the 1- and 2-monolaurin had 
identical activities, whereas the diesters (whether the 1,2- 
or the 1,3-dilaurin) had no activity. The trilaurin was 
totally inactive. These data suggested that it was only the 
monoester which had biological activity and this point 
continues to be emphasized in our subsequent work. 

A rather complete comparison of the antifungal and 
antibacterial activity of glycerol and sucrose esters was 
made by Shibasaki et al (22). Glycerol esters and sucrose 
esters esterified with either C8, C10 or C12 fatty acids were 
screened for activity. Two methods were used to measure 
activity: an agar dilution method and a broth dilution 
method. Using either method, C12 glycerol ester was the 
most important derivative in terms of antifungal activity 
(Table VI). Both the sucrose mono- and diesters show little 
activity compared to the glycerol esters. 

In Table VII, the same derivatives were compared for 
their antibacterial activity. All three monoesters of laurie 
acid were active. Although the diesters of sucrose, 

TABLE I11 

Minimal Inhibi tory Concentra t ions  

Microorganism (gram-positive) 
Group A 

Pneumococci Streptococcus 
Dodecyl derivative (mM) (mM) 

Lauric acid 0.06 0.12 
Lauryl alcohol 0.07 0.07 
Lau ryl a ldehyde 0.14 0.14 
Methyl lauratc >4.6 >4.6 
Cholesteryl laurate NI NI 
Dodecanedioic acid NI NI 
c~-OH laurie acid 0.23 
Methyl, c~-OH laurate - 0.54 

TABLE IV 

MIC for &-Monoglycerol Esters (mM) (21) 

Streptococcus Staphylococcus 
Group A aureus 

Glycerol acetate >7.46 a >7.46 a 
Glycerol butyra tc  >6.17 a >6.17 a 
Glycerol caproate  2.63 >5.26 a 
Glycerol caprylatc  2.29 >4.59 a 
Glycerol p clargonate 2.16 >4.13 a 
Glycerol capratc 0.20 1.00 
Glycerol lauratc 0.05 0.09 
Glycerol myr is ta tc  0.17 >3.31 a 
Glycerol stcaratc >2.79 a >2.79 a 
Glycerol olcatc >2.81 a 2.81 a 
Glycerol l inoleatc 1.41 >2.82 a 
Glycerol-2-1au rate 0,09 O, 19 

aNo inhibition, maximmrl concentra t ion tested listed. 

TABLE V 

MIC Comparison (mM): Free Acid Form vs Glyceride Form (21) 

Organism 
Pneumococci Group A Streptococcus 

Compound (raM) (raM) 

Capric acid 1.45 1.45 
1-Monocaprin 0,10 0.20 
1, 3-Dicaprin a a 
Lauric acid 0.06 O. 12 
1-Monotaurin 0.09 0.05 
2-Monolaurin b 0.09 
1, 2-Dilaurin a a 
1, 3-Dilaurin a a 
Trilaurin a a 

aNo inhibi t ion at concent ra t ions  tested. 
bTest not performed. 

particularly the C8 and CLa derivatives, were active, they 
were not as active as the lauroyl derivative. The lauroyl 
derivative was about 10 times as active as either the C8 or 
C10 derivatives and the ester was about 10 times as active 
as lauric acid itself. 

Indication of how biological activity was influenced by 
pH is shown in Table VIII. Here, laurie acid, monoglyceryl 
monolaurate and its sucrose monoester were compared at 
various pH. In all cases, the biological activity of the esters 
do not  change in the same degree as one would expect 
for the fatty acid. Being nonionic, the monoesters are not  
influenced by pH, although the activity is slightly higher 
at the lower pH. This represents an effect of pH on the 
growth of the organism rather than the effect of pH on the 
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TABLE VI 

Comparison of  Antifungal Activities of  Fatty Acids and Their Esters (22). 

MIC (mM) 
Drug By agar dilution method a By broth dilution method b 

A. niger P. citrimum C. utilis S. cerevisiae C. utilis 

C 8 4 2 2 1 2 
MC 8 4 2 4 4 >2 
SMC a >4 >4 >4 >4 >2 
SDC 8 >4 2 >4 4 >2 
Cto 1 1 1 0.5 1 
MCI0 0.5 0.5 0.5 0.5 0.5 
SMCx0 >4 >4 >4 >4 >2 
SDClo >4 >4 >4 >4 >2 
Ca2 >4 4 4 >4 1 
MC~2 0.5 0.5 0.5 0.5 0.063 
SMC12 >4 >4 >4 >4 >2 
SDC~2 >2 >2 >2 >2 >2 

MIC: Minimum inhibitory concentration. 
aOn Czapek Dox's agar medium (supplemented with 0.25% yeast ext. and peptone, pll 5.6), 
after 30 C, 48 hr incubation. 

bin Czapek Dox's medium (supplemented with 0.25% yeast ext. and peptone, pH 5.6), 
after 30 C, 24 hr. incubation. 

TABLE VII 

Comparison of Antibacterial Activities of  Fatty Acids and Their Esters (22). 

MIC (raM) 
Drug By agar dilution method a By broth dilution method b 

M. lyso- 
B. subtilis B. cereus deikticus Staph. aureus B. subtilis 

C a >2 >2 >2 >2 >2 
MC s 2 2 1 2 2 
SMC s >2 >2 >2 >2 >2 
SDC s 0.125 0.125 O.125 O.125 0.5 
C~o 2 1 2 >2 >2 
MCto 0.5 0.5 0.5 0.5 0.5 
SMC~0 >2 >2 1 >2 >2 
SDCI0 >2 0.5 0.125 >2 >2 
C1~ >2 >2 >2 >2 0.5 
MCx2 0.063 0063 '<063 0 1)63 0.063 
SMCI~ 2 2 0.5 >2 >2 
SDCI2 >2 >2 >2 >2 >2 

aOn nutrient agar medium (pll 7.0), after 37 C, 24 hr incubation. 
bin nutrient broth medium (ptl 7.0), after 37 C, 24 hr incubation. 

TABLE VIII 

Effect of  pH on Antibacterial Activities of Ca2 Compounds  Towards 
B. subtilis (22) 

pH M1C (mM) a 

C12 MC12 SMCt~ 

5 0.016 0.032 0.25 
6 O.125 0.063 >2 
7 0.5 0.063 >2 
8 > 1.0 0.063 >2 

aBy broth dilution method. 

ant imicrobia l  agent. 
In Tables IX and X, the antifungal activities of  m o n o -  

caprin and mono laur in  were compared  with some c o m m o n -  
ly used preservatives tha t  are m o s t  popular  e i ther  in the 
cosmet ic  indus t ry  or the  food  industry.  These include the 
parabens ,  lauryl sulfate,  sorbic acid and dehydroace t i c  
acid. Both the Cm and the C12 derivatives have abou t  the 
same activity against these fungi. However ,  when  the m o n o -  
laurin is compared  with some of  the o the r  preservatives,  
the activity of  the m o n o e s t e r  is as high or higher than 

mos t  of  the present ly  used preservatives.  This is par t icular ly  
true when compared  with sorbic acid. Monolaur in  is abou t  
10 or more  t imes as active as sorbic acid itself. 

Recen t  papers  by Beuchat  (23) and Shibasaki (24) 
have suppo r t ed  the f indings tha t  the lauric acid m o n o -  
glyceride is very active. Beuchat  showed  tha t  mono lau r in  
had a low MIC against Vibrio p a r a h o e m u l y t i c u s .  Mon-  
laurin (at 5.0 ~ g / m L  or less) was more  effect ive than  
sodium benzoa te  (300 / Jg /mL)  or sorbic acid ( 7 0 / l g / m L ) .  

These same ester preservatives were co mp a red  for  their  
ant ibacter ial  activity (Table X). Again, it can be seen tha t  
the Ca2 derivative of  glycerol was the mos t  active ester.  
In this example ,  we screened  the sucrose diester  of  C8 
fa t ty  acid. This diester  was active under  these  cond i t i ons  
bu t  was no t  as active as the  m o n o e s t e r  of  glycerine.  Butyl  
parabens,  which is one of  the more  active parabens  used 
in the cosmet ic  indust ry ,  and sorbic acid, a c o m m o n  f o o d  
preservative,  show only low activity under  the  tes t ing 
condi tons .  

Fur the r  compar i sons  were made  with mono lau r in  vs 
sorbic acid, phenol ,  me thy l -  and propylparabens .  Table XI 
shows the  very high activity of  the m o n o e s t e r  for  gram- 
positive organisms,  much  more  effective than  sorbic acid. 
The l imi ta t ion of  the act ivi ty of  these lipid an t imicrobia l  
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TABLE IX 

Comparison of Antifungal Activities of Fatty Acid Esters with 
Some Commonly  Used Preservatives (22) 

Drug MIC (og/mL) a 

A niger C. utilis S. cerevisiae 

MCt0 123 123 123 
MC12 137 69 137 
BpHB 200 200 200 
SLS 100 400 100 
SA 1,000 1,000 1,000 
DtlA 100 200 200 

BpttB: butyl p-hydrnxybenzoate; SLS: sodium lauryl sulfate; 
SA: sorbic acid; DHA: dehydroacetic acid. 
aBy agar dilution method. 

TABLE X 

Comparison of Antibacterial Activities of Fatty Acid Esters with 
Some Commonly  Used Preservatives (22) 

MIC (#g/m L) a Drug 
B. subtilis B. cereus Staph. aureus 

SDC 8 74 74 149 
MCI0 123 123 123 
MCI2 17 17 17 
Mp HB 400 200 200 
SLS 100 100 50 
SA 4,000 4,000 4,000 

aBy agar dilution method. 

agents was seen in the fact that they have httlc or no 
activity against gram-negative organisms. 

This lack of activity against gram-negative organism was 
a matter of concern. The reason for this resistance can be 
seen in Figure 1. The bacterial envelope of the gram- 
positive and gram-negative organisms are completely 
different. With the gram-negative organism, there is a mem- 
branous wall composed primarily of lipopolysaccharide 
layers which inhibit the insertion of the antimicrobial 
'lipid into the membrane. Both the gram-negative envelope 
and the gram-positive envelope have a peptidoglycan 
membrane. However, in the case of the gram-negative 
envelope, the outer membane has an additional lipopoly- 
saccharide barrier. There are techniques for the removal of 
this barrier. The most effective method is to add a chelating 
agent. A chelating agent (lactic acid/ethylenediaminetetra- 
acetic acid, EDTA) will combine with the cation bridge(s) 
that hold the lipopolysaccharide layer to the peptidoglycan 
envelope. When the metal bridge is removed, the lipopoly- 
saccharide layer is stripped off. Under these conditions, 
gram-negative and gram-positive organisms react similarly 
to the monoglyceride. In this manner, use of a chelating 
agent overcomes the limitation of the fatty acid esters to 
gram-negative organisms. 

TABLE XI 

MIC 0ag/mL) of the Test Materials 

Figure 2 shows the complex membrane of a yeast (25). 
In this case, the outer membrane is composed of mannan 
which apparently does not  strongly influence the ability 
of the ester to insert itself into the membrane. Thus yeast, 
molds and fungi are susceptible to monolaurin. 

An electron micrograph of an envelope virus shows that 
the outer coating of the virus is very similar to gram- 
positive organisms and consequently these types of viruses 
are easily penetrated by lipid agents. In in vitro tests by 
Sands (12) and Hierholzer and Kabara (26), it was found 
that monoglycerides can affect susceptible viruses like 
Herpes I and II. Indeed, all lipid-coated viruses of this 
nature are susceptible to the effect of the monoglyceride. 
In some in vivo work currently being done in a number of 
laboratories, early indication reveals that indeed we may 
have a very effective antiherpes agent. This lead is current- 
ly being followed and we do have some anecdotal inform- 
ation from a double-blind clinical experiment showing 
that a cream composed of monolaurin was effective against 
H e r p e s  labialis.  

PRACTICAL APPLICATIONS OF 
LIPID ANT IM ICROBIAL  AGENTS 

Bovine Mastitis Teat-Dip 

It was of interest to seek out a number of clinical problems 
which we felt were amenable to solutions by the findings 
just presented. One of the problems identified was bovine 
mastitis. Because the organisms involved in mastitis were 
those most affected by monolaurin (Lauricidin| we 
felt that this animal problem would represent a good 
clinical model. Lauricidin, the commercial form of mono- 
laurin, was incorporated into a formula which had a very 
fast kill on S t a p h y l o c o c c u s  aureus .  In our first series of 
studies, we compared our formulae with teat-dip products 
that are or were on the market. When our early formula of 
Lauricidin teat-dip was compared with products from four 
other sources, it was obvious, except for a dip which 
contained Chlorhexadine, that all the other teat dips were 
relatively inactive (Table XII). The three germicides that 
were used in that teat dip formulae were an iodophor, 
8-hydroxyquinoline derivative, or a Bronpol derivative. 
It is interesting to note that all of these germicides are very 
active when tested by themselves but, when formulated 
into the teat dips, particularly in the presence of glycerol, 
they lost their activity and consequently were totally 
ineffective. 

Preservation of Cosmetics 

The real test of a germicide is its use in a complex system. 
Cosmetic emulsions represent a whole spectrum of such 
systems. In data presented to the cosmetic industry (27, 
28), monolaurin was shown to be a very effective and safe 
preservative. One example from these studies is the results 
obtained on preserving a protein-containing emulsion 
(Table XIII). In these initial experiments, high levels of 

Glycerin- 1- Sorbic Methyl Propyl 
Compounds - organisms monolaurin acid Phenol paraben paraben 

Staphylococcus aureus 39 1,000 1,250 5,000 2,500 
Bacillus subtilis 39 1,000 1,250 5,000 2,500 
Escbericbia coli >2,500 1,000 2,500 2,500 5,000 
Pseudomonas aeruginosa >2,500 2,000 1,250 5,000 >10,000 
Aspergillus niger >2,500 1,000 1,250 2,500 2,500 
Candida albicans >2,500 1,000 1,250 2,500 2,500 
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GRAM-NEGATIVE ENVELOPE 

GRAM-POSITIVE ENVELOPE 

Protein 
Phospholipid 
Lipopolysaccharide 

Peptidoglycan 
Cytoplasmic Membrane { Protein Phospholipid 

\ 
~ /  PeptidogJycan 

Protein Cytoplasmic Membrane Phospholipid 

FIG. 1. Structure of  the cell envelope of gram-negative and gram-positive bacteria. 

~ ~'" Enzyme 

P p 

Cytoplasm 

Mannan 

I 
,}Glucan 

Membrane 

FIG. 2. Schematic  s tructure of  the yeast  cell wall (25). M indicates 
mannan;  G, glucan; P, phosphates ;  S, sulfur. 

p r e s e r v a t i v e  w e r e  u s e d  ( f o r m u l a  A) .  In  a s e c o n d  ser ies ,  t h e  
u s u a l  g l y c e r y l  s t e a r a t e  in t h e  f o r m u l a  was  s u b s t i t u t e d  by  
m o n o l a u r i n  (27 ) .  R e g a r d l e s s  o f  t h e  c h a l l e n g e  o r g a n i s m s ,  
b o t h  c o s m e t i c  f o r m u l a e  we re  s h o w n  to  r e s i s t  l a rge  cha l -  
l enges  o f  o r g a n i s m s  ( 3 . 0  • l 0  s to  2 .0  X 106 C F U / m L ,  
T a b l e  X I V ) .  T h e s e  in i t ia l  r e s u l t s  we re  f o l l o w e d  b y  s t u d i e s  
in w h i c h  o p t i m a l  r a t i o s  o f  m o n o g l y c e r i d e s ,  p a r a b e n s  a n d  
c h e l a t o r  w e r e  d e t e r m i n e d  (28 ) .  In t h e s e  e x p e r i m e n t s  o f  t h e  
p r e s e r v a t i v e  s y s t e m  r a t i o  ( 1 : 1 : 1 )  was  s h o w n  to  be  e f f e c t i v e  
even  a t  l o w  levels  ( < 0 . 3 % ) .  T h i s  was  t r u e  w h e t h e r  O / W  o r  
W / O  e m u l s i o n s  we re  u s e d  as m o d e l  s y s t e m s .  

Preservation of Food 
A n  u n u s u a l  a c c u m u l a t i o n  o f  r e p o r t s  o n  t h e  u s e  o f  m o n o -  
l au r i n  in f o o d  p r o d u c t s  c a n  be  f o u n d  in t w o  i s sues  o f  t h e  
Journal of  Food Safety (Vol .  3, No .  2, 1 9 8 1 ;  Vo l .  4,  No .  1, 

TABLE XII 

Comparison of  Commercia l  Teat-Dip Preparations 

Formula  Stapb. aureus vs time 
tested 5 rain 15 rain 30 rain 60 rain 

t.12Oonly 6 .9X lO s 8.5 X 10 s 8.6 X 10 s 8 .6X lO s 
Lauricidin-TD 5.9 X 103 < 1 0 0  < 1 0 0  < 1 0 0  
Company  A 9.1 X l0  s 5.1 • 10 s 3.9 X l0  s 3.5 X l0  s 

B 3.8 X 10 s 2.2 X l0  s 1.9 X l0  s 1.3 X 10 s 
C 9.7 X l0  s 1.1 X 1 0  6 1.1 X 1 0  6 7.8 X l0  s 
D < 1 0 0  < 1 0 0  < 1 0 0 0  < 1 0 0  

112Oonly 1.1 X 106 - 1.1X 106 1.1 X 106 

TABLE X i l l  

Protein Hair Treatment  Formula 

Deionized water 
Hydrnlyzed animal protein 
Cetyl alcohol 
Glyceryl stearate and PEG - IO0 stearate 
Quatern ium - 31 
Hydrolyzed milk protein 
Oat flour 
Cherry kernel oil 
Sunflower oil 
Quatern ium - 41 
PEG - 5 soya sterol 
Glycerin 
Guar hydroxypropyl  t r imonium chloride 
Ti tanium dioxide 
Wheat germ glycerides 
Fragrance 
Auto lyzed  yeast  
PEG - 75 lanolin 
Panthenol  

1 9 8 2 ) .  B o t h  i s sues  are d e v o t e d  e x c l u s i v e l y  to  p a p e r s  o n  
t h e  s u b j e c t .  I t  b e h o o v e s  t h e  r e a d e r  w h o  is s e r i o u s l y  f o l l o w -  
ing  t h e  p r o g r e s s  o f  f o o d  p r e s e r v a t i o n  to  r ev i ew  t h e s e  t w o  
v o l u m e s .  S p a c e  a n d  t i m e  d o e s  n o t  a l l ow  m o r e  sp ec i f i c  
i n f o r m a t i o n  o n  all . these f i n d i n g s  e x c e p t  t o  p o i n t  o u t  t h a t  
L a u r i c i d i n  was  g e n e r a l l y  f o u n d  to  be  m o r e  ac t ive  a t  h i g h  
r a t h e r  t h a n  l o w  t e m p e r a t u r e s .  T h i s  m e a n s  t h a t ,  f o r  m a n y  
p r o d u c t s ,  l o n g  she l f - l i fe  c a n  be  a c c o m p l i s h e d  a t  r o o m  
t e m p e r a t u r e  a f t e r  t h r e e  d a y s ,  h a s  h a d  i ts  s h e l f  l ife e x t e n d e d  
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T A B L E  X I V  

Microbial  Challenge 

Interval Initial 48 hr 96 hr 7 days 4 days 

Pseudomonas A 3.0 X lO s 100 -- -- -- 
aeruginosa B 3.0 X l0 s 5.0 X 104 5.0 X 104 

Staphylococcus A 3.0 X 10 s -- 
aureus B 3.0 X lO s . . . .  

Candida A 2.0 X lO s 1.1 X 1 0  3 - -  - -  - -  

alblcans B 2.0X lO s 5.5 X 103 1.5 X 10 a 400 - 

A: Lauricidin (0.3%), methyl paraben (0.3%), propyl paraben (0.1%) and EDTA (0.2%). 
B: Lauricidin (4.8%) and EDTA (0.3%). 

to  over four  m o n t h s  using a m o n o l a u r i n  and  lact ic  acid 
c o m b i n a t i o n  (Lauri -Lac) .  

F U T U R E  P O S S I B I L I T I E S  

There  is a weal th  of  a ccum ul a t ed  i n f o r m a t i o n  in a decade  
and  a hal f  of work  on  this  subject .  A l t h o u g h  it was im- 
possible  to summar i ze  all the  data  on  fa t ty  acids and  the i r  
esters,  I hope  t h a t  these  few examples  will c rea te  in te res t  
and  show the  indus t ry  t h a t  f a t ty  acid esters  of  p o l y h y d r i c  
a lcohols  offer  new  and  e x p a n d e d  roles for  o leochemica ls .  
Those  who  would  like more  i n f o r m a t i o n  on this  sub jec t  
shou ld  ob ta in  a copy  of  " T h e  Pharmacolog ica l  Effec t  of  
L ip ids , "  p r in ted  by  the  Amer i can  Oil Chemis t s '  Soc ie ty  
in 1978.  This  vo lume  offers  a good  b a c k g r o u n d  on  ant i -  
microbia l  lipids. It  is being u p d a t e d  by  the  pub l i c a t i on  of  a 
second  vo lume  rep resen t ing  a s y m p o s i u m  on the  sub jec t  
he ld  in Chicago in May, 1983. Bo th  books  will give even 
the  casual reader  a f i rm f o o t h o l d  in to  the  l i t e ra tu re  on 
the  subject .  

I believe our  work  has opened  a n u m b e r  of  in te res t ing  
possibi l i t ies  for  the  oLeochemical indus t ry .  The  examples  
t h a t  I gave were bu t  a few. M o n o l a u r i n  is p r o b a b l y  the  m o s t  
i m p o r t a n t  of  the  l ipids f o u n d  af te r  screening  over  500 
derivatives.  App l i ca t ions  for  this  mater ia l  in the  food,  
cosmet ic  and  pha rmaceu t i c a l  fields are rapidly  expand ing .  
N o t  only  can p r o d u c t s  be chemica l ly  preserved bu t  also a 
chemica l  can be added  which gives p r o t e c t i o n  w i t h o u t  
tox ic i ty .  M o n o l a u r i n  (Laur ic id in |  is accep ted  by all 
g o v e r n m e n t s  as be ing  comple t e ly  n o n t o x i c  and  t he r e fo re  
can be used in p r o d u c t s  as a subs t i t u t e  for  more  toxic  
germicides.  The  r e p l a c e m e n t  of  mercu ry ,  f o r m a l d e h y d e  
and  o the r  toxic  preservat ives,  in the  cosmet ic ,  f ood  and  
pha rmaceu t i ca l  areas, represen ts  a t r e m e n d o u s  o p p o r t u n i t y  
for  fo rmu la to r s  to  p r oduce  no t  on ly  microb io log ica l ly  safe 
p r o d u c t s  bu t  also p r o d u c t s  t h a t  w h e n  appl ied to the  skin 
are compa t ib l e  wi th  those  l ipids a l ready p resen t  on  the  
surface.  
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