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minimum inhibitory concentration (MIC) of garlic oil was determined 

bacillus, Salmonella tvphimurium. Garlic oil proved to have the 

highest antimicrobial activity among the four spice oils using a growth 

inhibition test of the bacteria on tryptic soy agar (TSA) plates. The 

Abstract approved: 

Bacillus cereus and Staphylococcus aureus, and one Gram-negative 

clove, onion, and oregano oils against two Gram-positive cocci, 

foods, this research investigated the antimicrobial activity of garlic, 

in Biology presented on 

Title: 

using a growth inhibition test of the bacteria on cooked meat (Difco) 

and rat chow (Purina) broth. The MIe of garlic oil was 400 ppm. The 

pH and the composition of the media influenced the antimicrobial 

activity of the spice oils. The toxic effects of orally administrated 

garlic oil (400 ppm) was also evaluated on albino rats. After feeding 

the rats with garlic oil for one month, the rats lost 15% of their 

normal weight and no other visual toxic effects were observed. Garlic 

oil proved to be an effective natural antimicrobial agent against food-

borne microorganisms, but requires further evaluations. 
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INTRODUCTION 

Sodium nitrite has been added to foods for many years. It was 

initially used in meats as a food additive in 1925 after Haldane (1901) 

found that the pink color in curing meats resulted from the reaction of 

nitrite with the meat pigments. Sodium nitrite was first used as a 

food preservative when Steinke and Foster (1951) demonstrated that 

nitrite was an effective antibotulina1 agent. Pivnick (1967) used 

sliced, processed meats in vacuum packages that had been inoculated 

with spores of Clostridium botulinum to demonstrate that at any given 

temperature, delay in toxinogenesis and spoilage was directly related 

to the concentration of nitrite. 

The use of nitrite in meat results in the occurrence of very low 

levels of nitrosamines, which at higher levels have been shown to be 

carcinogenic in laboratory animals. Mirvish (1975) demonstrated that 

acute liver damage and lung adenomas were produced when rats and mice 

were fed amines and nitrite. 

Extensive surveys of foods for nitrosamines have been conducted by 

several groups around the world. A survey of cured meat products 

available in the United States was published by the Nitrite Safety 

Council (1980). Some representative values for nitrosamines in foods 

are presented in Table I. 

In addition to preformed nitrosamines found in some foods, humans 

are also exposed to nitrosamines through normal physiological 

processes. Ohshima and Bartsch (1981) demonstrated that nitrosamines 

can be formed in the human stomach through the reaction between amines 
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'TLlble I. EeprcsenLativc Nitrosamine Content of Several rooc!s. 

Content 
No. jJosi.tive/ range 

food No. analysed (ug/kg) Country Refen~I1ce 

Fried bacon 22/22 7-139 U.S. Harvey, 1976 

Fried bacon 33/56 ':' nd-ZOO U.K. Gough, 1077 

Cured meats 25/64 nd-8.6 U.K. Gough, 1977 

Beers 27 / 29 nd-5 Japan Kawabata, 1980 

Cured meats 72/81 nd-1 Japan Haki, 1980 

Heat products 127/395 0.5->5 Gennany Spie'selha1der, 
1980 

Cheese L,9/209 0.5-5 Germany Spi9/!.elhalc!er, 
1980 

Beer 12+2!215 nd-68 Germany Spicge1ha1c1er, 
1980 

Cured I'leats 77/1113 nd-55 Canada Sen, 1()20 

Milk products 11/26 nd-0.7 Canada Sen, 19E1O 

*nd= not detected. 
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Table II. Nitrate concentration in vegetables and grains as 
purchased.* 

l{(~Jll j Cil tcs 1\ vcra~~(! 

n umol/lOOg 

Vegetables 

Beans (green) 4 273 ±. 176 

Broccoli :3 526 ±. 479 

Cabbage 2 1084 ± 303 

Carrot 23 256 ± 216 

Cauliflower 1 73 

Celery 1 5000 

Pepper 5 169 .± 214 

Potato 16 205 ± 137 

Radish 1 3571 

Spinach 6 3840 + 1292 

Grain products 

Beverages 

Beer 1 10 

Dread 

Oat 1 10 

Hi1eat 1 13 

Grains 

Puffed rice 1 3 

Hheat flour 1 15 

\~ater 4500 

* Adapted from Schuster (1987). 
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and nitrite. The nitrite can be derived from two sources, consumption 

of food which contains nitrite and conversion of nitrate to nitrite in 

the body. Nitrate can be derived from normal nitrogen metabolism and 

from the diet. Table II presents some values for nitrate levels in 

vegetables and grains products. Dietary nitrate is quickly absorbed 

into the blood after ingestion. It is then secreted and concentrated 

in the saliva where microorganisms in the mouth convert it to nitrite. 

The nitrite is swallowed and results in the formation of nitrosamines 

in the stomach (Spiegelhalder et al., 1976). 

Vitamin C has been added to meats undergoing curing that contain 

sodium nitrite because vitamin C can block the formation of 

nitrosamines. Sen (1974) indicated that the addition of ascorbic acid 

can completely inhibit the formation of nitrosamines. However, Wang 

(1987) demonstrated that ascorbic acid cannot reduce the nitrosamine 

formation in acid or neutral solutions, and in addition, ascorbic acid 

cannot affect the nitrosamines after they have already formed. 

Subsequently, the United States Department of Agriculture and the 

Food and Drug Administration (1978) lowered the acceptable level of 

sodium nitrite in meat and poultry products. In 1986 (USDA, 1986), the 

levels of sodium nitrite were lowered again as presented in Table III. 

The actual levels being used by the industry are proprietary, but 

cannot exceed USDA maxima. 

In view of possible but unquantified risk resulting from the use 

of nitrite as a curing agent, the search for alternatives and 

alternative approches to the use of nitrite is desired. However, no 
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Table III. Sumnary of USDA Action on Nitrate Rnd Nitrite in Foods.* 

Lal{/1(l~g ula t i 00 As,'_'ocy Prc;vlsid!l 

Federal Meat 
Act of 1906 

Inspection USDA 

Nitrolte S'311ctioi1ec1 
meats, 1908 

in U::;DA 

Nitrite sanctioned 
meats, 1925 

in fjSDA 

lhtritt~ and nitr-ate 
bacon, 1978 

in USDA 

Nitrite 
1986 

levels in bacon, USDA 

USDA = United States Dept. of Agriculture 
':' Ada~lted tram lj~DA U9d()). 

Inspec t ion of mea t (1j1d 

meat products 

,ls~ of nlLclUo' (',al tp,·rer) 
detailed 

>1eat curing re,~ula~i(jns 

detailed 

LevIer,:> nitrite, eJj!lli!vJtes 
nitrates, requires 
ascorbRte 

Allows IUD or ~fO() ppm of 
sodium nitrite in some 
circumstances 
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new agent or combination of Rgents can be subtituted for nitrit:e in our 

food as preservatives until adequate testing has ensured that the new 

agent or agents do not present a hazard to human health. 

The use of spices as inhibitors of microbial growth has been 

studied previously by Beuchat (1976) who demonstrated that thyme and 

oregano oils were able to inhibit the growth of Vibrio 

parahaemoliticus. Blank (1985) showed the sporostatic effect of spices 

hy treating Bacillus subtilis spores with clove oil. Hall (1986) 

reported that extracts of Il1aCe effectively inhibited f. botulinum toxin 

production in turkey frankfurter slurries. Also, it was shown that 

garlic extract could inhibit the outgrowth of C. perfringens spores 

(Mantis et al., 1979). 

Spices can also inhibit the growth of fungi. Conner and Beuchat 

(l9~-<4) llsed l!~ different sJ)ecies of yeast <lnd Lreated them with '30 

different spices, and they observed that onion and gsrlic oils had the 

highest fungistatic activity. Sharma (1979) demonstrated that oninn 

extracts could inhibit the growth of the aflatoxin-producing fungi, 

Asperigillus flavus and A. parasiticus. 

The observed high, anti-bacterial and anti-fungal activities of 

spices are due to components found in their essential oils (Hitokoto et 

al., 1980). The antimicrobial components of garlic, oregano, onion, 

dnd clove' <ire presented in T~IIJ]f~ TV. \vi.ll~; (!'Yi(J) :.,!)(l\;(,(j t 1J;1:_ :11 I icin, 

the antimicrobial component of garlic, had the cap3bLli.ty of inllihiting 

several metabolic enzymes of microorganisms. Barone and Ta!lSeV (1977) 

also demonstrated that allicin was able to disrupt ~icrohial c~] I 
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Table IV. AnLip;icrOi)i,Jl CUiilpUllllds round in I he (~SS(;'lr_icll (Jj L:-; 

of spices.
 

.)" ill. ce ;\nt.i'!licro·~)ial compound :~ef(" r,'JlCe
 

G;j r 1ic \ 11 icin C'1Valllt0, 19!,I+ 

Oregano Carvacrol FenaroE, D71 

Onion LacriJTl8tory ;-.\awlyopclr1ljay, 
factor 197J 

Clove EU'~',enol I\Z:::UU~~, 1'~:-~2 
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metabolism by inactivation of sulfhydryl proteins by oxidation of 

thiols to disulphides. 

In order to find new alternatives for the subtitution of sodium 

nitrite, this resc8rcll ','1S r1esigned to invf~stig8te the effective!1ess qf 

garl ic, onion, clove, ::111d oreg8no oi Is as inhibi tore; trJ food-born'? 

microorganisms such as Staphylococcus aureus, Salmonella tvphimurium, 

and Bacillus cereus. .5.-. 8ureus is 8 Grnrn-posi tive coccus ()rgan; sm 

thiJt \,hen it mu 1tipl ies in food:.; produce.c,; all enterotoxin \v;1 i r:h i~3 thf~ 

agent that causes nausea, vomiting, and diarrhea (Banwell and Sherr et 

al., 1973). The toxin produced by this bacterium is highly resistant 

to heat, cold, and chemicals (Bergdoll et al., 1974). ~. tvphimurium 

is :1 Gram-negative bacillus that ollce ingested in foods can multiply 

raridly in the intestine ul\lsing headache, cliarrhc8, Clbrlo!niIlCll 

discomfort, a.nd vomiting (Gunn and darkakis et al., 1(78). ~. cereus 

is an aerobic spore forming, Gram-positive bacillus. The spores formed 

by this organism are resistant to heat, cold, and drying. If rood 

containing this bacterium is ingested, it can cause a gastrointestinal 

illness charActerized b\' ahdominal cr'lc'!jls, lliH1SP3, vordt.lIIQ, i1[1'1 

diarrhea (Terranova, 1073; Gilbert et al., 1979). 

These three bactr.:'ria do not change trw ori,>J.:F,lc'ptic C"(\F3. i i t. i(~s of 

the food, so it is hard to detect the prC'~cwnr:e oj tllcse or;~8rlisl'lS. 

These organiSMS are found ITlost often in ;:F~:1t prodl1cts, poul try 

products, fish, gravies, soups, rice, and pot3t') salads C~i~l\lP~, 197(); 

Ne\v dnd Notes, 1973; CDC, lY7S; Lai-~~in~ and Stilr,s, 1'-)78; ,,;iClI1i1cll8. et 

'11., 1979). Because it is very difficult to control food rntso~ing bv 
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these bacteria, prevention becomes a matter of stopping the growth of 

these organisms or preventing their entry into the food products. 

In order to test the effectiveness of spice oils as a nitrite 

substitute against the three microorganisms, in vitro and in vivo 

evaluations were designed. The in vitro tests consisted of several 

variations. The first test was a growth inhibition test of the 

bacteria on tryptic soy agar (TSA) media containing the spice oils, and 

at the same time, the influence of pH on the antimicrobial activity of 

the spice oils was also determined. The spice oil with the highest 

antimicrobial activity was selected for the second in vitro test. 

Here, a growth inhibition test of the bacteria by the "ideal" spice oil 

in a complex organic environment of either cooked meat bacterial media 

or purina rat chOl.... compared these resu 1ts wi th the previous in vitro 

findings. 

In order to determine possible toxic hazard effects of the "ideal" 

spice oil in rats, an in vivo test was designed which consisted of 

including the "ideal" spice oil in the diet of laboratory rats. The 

diet was given to rats for one month. Alterations of the growth of the 

rats were determined and compared with the in vitro findings. 



MATERIALS AND METHODS
 

Essential Oils 

Garlic, onion, clove, and oregano essential oils were kindly 

provided by Fritzsche, Dodge, and Olcott Inc., New York, NY. 

Cultures 

Staphylococcus aureus, Salmonella typhimurium, and Bacillus cereus 

were obtained from the Division of Biological Sciences stock culture 

collection. 

Culture Standardization and Growth Curves 

The cultures of Staphylococcus aureus, Salmonella typhimurium, and 

Bacillus cereus were standardized as described below. First, each 

microorganism was grown on a TSA slant for 15 hr at 37 C. Two loops of 

this growth were used to inoculate two milliliters of fresh tryptic soy 
-6 

broth (TSB). The TSB was then diluted to 10 . Twenty milliliters of 
-6 

fresh TSB were inoculated with 0.1 ml of the 10 dilution. The 20 

ml was incubated in a rotary water bath shaker overnight (12-15 hr) at 

37 C. After this incubation, the optical density at 425 nm of the 

overnight culture was taken. The overnight culture (2.0 ml) was used 

to inoculate 18 ml of fresh TSB and then incubated in a rotary water 

bath shaker at 37 C. The optical density (425 nm) of this culture was 
-7 

taken every 30 min. and 0.1 ml of this culture was diluted to 10 to 
-5 -6 

allow plate counts. Plate counts of dilutions 10 , 10 , and 
-7 

10 were used to determine colony forming units (CFU). The time, 

optical density, and the colony forming units per milliliter (CFU/ml) 
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for each microorganism were recorded and plotted to produce a growth 

curve for each microorganism. The growth curve showed how many CFU/ml 

there were at a specific optical density (Appendix 1). 

Agar Screening Test 

The four essential oils were screened for their ability to inhibit 

growth of these three microorganisms using tryptic soy agar (TSA) 

medium. The medium was prepared at different pHs (5.0, 6.0, 7.0, and 

8.0) by using IN HCL and IN NaOH. Oils were diluted in 95 % ethanol, 

the final percent of ethanol was 1 %. Dilutions of spice oils were 

dispersed in the media to give final concentrations of 10, 25, 50, 100, 

and 200 ppm (Conner and Beuchat et al., 1984). After sterilization, 

TSA plates were poured to a thickness of 5-6 mm and allowed to dry at 

room temperature for 24 hr or more. There were two controls in this 

experiment, one containing no added ethanol or essential oil and the 

other containing only the diluent, ethanol (1 %). 

Following the standardization of the cultures, each TSA plate was 

inoculated with 0.1 ml of standardized S. aureus, ~. typhimurium, and 
8 

~. cereus suspension. Each plate was inoculated with approximately 10 

CFU. After inoculation, the plates were incubated at 37 C for 24 to 72 

hrs. The CFU/ml on each plate was determined after 24, 48, and 72 hr. 

At each pH, the CFU/ml on the control plates (ethanol and no ethanol) 

was then compared with the CFU/ml on the plates containing different 

amounts of each essential oil in order to calculate the percent of 

inhibition. Having calculated the percent of inhibition for each spice 
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oil against~ the three lJacteria, the effect uf iJl! on the.' antimicrobial 

activity of each spice oil and the minimum inhibitory concentration 

(MIC) of each spice oil was determined. The screening tests W2re 

repeated three times per species. 

Complex Food Influence on Previously Determined Spice Oil NIC 

Cooked meat media and purina rat chO\-i were used to evaluate the 

influence that complexHies of food may have on the :-mti111icrobial 

effect of garlic oil. The cooked meat medium was prepared at different 

pHs (6.0, 7.0, and 3.0) by using a phosphate buffer cont3inin~ 0.067 M 

potassium phosphate and 0.067 M sodium phosphate. The purina rat chow 

was kept at its natural pH of 6.5. i~oth media were distributed into 

tubes and sterilized. The oil with the highest antimicrobial activity 

was then di1 ured as previouly described in 95 :~ ethanol ClI1,l di'3pCl-Sec1 

into the media to give final concentrations of 200, 250, 300, 35U, and 

400 ppm. There '"ere tHo,) controls, i)ne contClillf-;d no etbanol or 

essential oil and tbe other contained only ethanol (1 %). 

After addition of. lhe oil, tlte tubes conl_aining a Lotal of 
9 

10 ml I"ere inoculated wi_th 0.1 fill of 10 CFU/ml standardized 

St_~jhylococcus .aur-eus, Salmonella ':-yphilf1uriufil_, and 13a r=iUus cereus 

susp~nsion. Th~ tubes were incubated statically at 37 C in a water 

bath for 120 hr. The hcv:terial growt]-I -.....as rletei'n-;J,el[ by t,~kinp. ::.Jl'.~ 

opUcal density (!~25 ii[[') of each tuh~ atL'i 24, 72, ;,',n>! 120 hI' Enel 

comp~ring to the concentration of spice ai] in that tuhe. These tests 

wer<2 repeated three tif'I(~s. 
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Experimental Animals 

Ten male, 40 day old albino rats of similar weight were obtained 

from the Emporia State University animal facility. They were 

maintained in the animal facility at Emporia State University under 

standard USDA regulations. 

Food Preparation 

Thirty microliters of the oil to be tested were diluted in 3.0 m] 

of q5 :~ ethanol to give L,OU ppm of the spice oil and 1 X ethanol. The 

three milliliters were then incorporated into 75 g of purina rat chow 

and mixed to ensure uniform distribution. A control diet was also 

prepared having 1 % ethanol without any oil extract. Both diets were 

dried at 60 C for 8 hr. 

Toxicity Test 

The ten rats were distributed into 2 groups. They were housed and 

fed 15 g of food per day. One group was treated as a control and fed 

only ethanol treated purina chow diet. The other group was fed with 

purina rat chow plus the oil extract. Feeding was continued for a 

period of 4 weeks. The animals were weighed before and after the 

feeding in order to determine if the spice oil altered their growth. 

The weight gain was recorded at the end of four weeks, and the 

difference between the means of the control and experimentcll group was 

analysed via at-test. 



RESULTS
 

Agar Screening Test 

The results of the tests that were designed to examine the effects 

of garlic, onion, clove, and oregano essential oils on the growth of 

the test microorganisms at pH 5.0, 6.0, 7.0, and 8.0 are illustrated in 

Figures 1 through 10. There were two controls in this experiment one 

containing only 1 %ethanol and the other containing no ethanol or 

essential oil. The results showed that 1 % ethanol does not affect the 

growth of the three microorganisms as compared with the other control. 

Therefore, the antimicrobial effect shown in each figure is only due to 

the presence of the essential oil. 

Figures 1 to 4 present the effect of the four spice oils at 10, 

25, 50, 100, and 200 ppm on the growth of ~. aureus. Figure 1 shows 

that at pH 5.0, oregano oil was the most effective in inhibiting the 

growth of ~. aureus followed by garlic oil. Onion, oregano, and garlic 

oils at 200 ppm completely prevented bacterial growth. However, at 100 

ppm only garlic and oregano oils inhibited the growth of ~. aureus. 

Onion oil lost 1/2 of its effectiveness at 100 ppm. Clove extract 

showed no growth inhibition against this Gram-positive organism even at 

the highest level, 200 ppm. 

Figure 2 presents the growth inhibition of ~. aureus by the four 

spice oils at pH 6.0. Both onion and oregano oils showed less 

effectiveness against~. aureus at pH 6.0. The antimicrobial activity 

of these two spice oils was reduced by about 50 % due to the pH shift 

from 5 to 6. Contrary to onion and oregano oils, garlic oil showed 
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similar results to those seen at pH 5.0. The pH did not affect the 

antimicrobial effect of garlic oil. Clove oil was again unable to 

inhibit the growth of ~. aureus. Figure 3 shows the antimicrobial 

action of the four spice oils on the growth of ~. aureus at pH 7.0. At 

this pH, the antimicrobial activity of onion and oregano oils was 

reduced again to approximately 1/3 the effectiveness seen at pH 5.0. 

Garlic oil again did not show any changes in its antimicrobial 

activity. Clove oil, for the first time, showed a 33 % inhibition of 

the bacterial growth at 200 ppm. Figure 4 shows that at pH 8.0, garlic 

oil was the only spice oil that could inhibit the growth of ~. aureus. 

With the exception of garlic, it appears that a pH shift from 5 to 8 is 

detrimental to the inhibitory action of these spice oils against ~. 

aureus. 

Figures 5 to 7 present the antimicrobial effect of the spice oils 

on the growth of ~. typhimurium at pH 5.0, 6.0, 7.0, and 8.0. Figure 5 

shows that at pH 5.0, garlic and oregano oils could inhibit 100 % of 

the growth of ~. typhimurium at 200 ppm. Onion oil was not as 

effective against~. typhimurium at pH 5.0 as it was against ~. aureus 

at the same pH. Clove oil, however, inhibited 63 % of the bacterial 

growth at 200 ppm. Clove oil was more effective against~. typhimurium 

than it was against ~. aureus at pH 5.0. Figure 6 shows the growth 

inhibition of ~. typhimurium by these spice oils ut pH 6.0. In 

contrast to ~. aureus, none of the spice oils completely inhibited the 

growth of ~. typhimurium. Curiously, the percent of growth inhibition 

by garlic oil at pH 6.0 did not change even though the concentration of 
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the oil ranged from 50 to 200 ppm. 

The results at pH 7.0 were not shown becRuse it was f0und thAt at 

this pH none of the spice oils were able to inhihit the growth of S. 

typhimurj urn. 

In Figure 7, the antimicrobial effect of the spice oils on the 

grmvth of ~. typhimurium at pH 8.0 is shown. Oregano oil did not show 

any antimicrobial activity until the concentration of the oil was 

increased to 200 ppm. Lower levels of this oil were not inhibitory. 

Clove oil was more effective against ~. typhimurium at pH SJl than at 

pH 5.0. Onion oil did not show antimicrobial activity at pH 8.0; 

however, it inhibited 20 % of the growth of ~. typhimurium at pH 5.0. 

Figures 8 to 10 present the antimicrobial effect of the spice oils 

on the growth of ~. cereus at pH 6.0, 7.0, and 8.0 (The results at pH 

5.0 were difficult to ohtain because B. cereus did not ~row well). 

Figure 8 shows that at pH 6.0, the spice oils could inhjbit the 

growth of ~. cereus. It appears that ~. cereus was the most sensitive 

to the antimicrobial effects of the spice oils among the three bacteria 

tested. None of the spice oils inhihited the growth of ~. cereus at 10 

ppm. However, garlic and clove oils inhibited 100 % the bacterial 

growth at 25, 50, 100, and 200 ppm. Onion oil did not show any 

antimicrobial activity until the concentration of the oil was increased 

to 50 ppm. This oil inhihited 100 ~ the bacterial ~rowth ~t 100 nnd 

200 ppm. Oregano oil showed less effectiveness against ~. cereus than 

the other spice oils at pH 6.0. In i"igure 9 the 3ntimicr0bi21 effect 

of the spice oils on the ::;rowth of~. cereus at pH 7.0 is shO\·m. At 
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this pH, the antimicrobial activity of the spice oils was reduced as 

seen with the other two bacteria. The antimicrobial activity of clove 

oil was severely reduced at pH 7.0 when compared to its pI! 6.0 results. 

Figure 10 shows the growth inhibition of ~. cereus by the spice oils at 

pH 8.0. The spice oils lost their antimicrobial activity at this pH 

with the exception of garlic. Garlic oil still inhibited 100 % the 

growth of ~. cereus at 25, 50, 100, and 200 ppm at pH 8.0. These 

results were similar to those at pH 5.0. Tables V and VI summarize the 

results of these tests. Garlic oil was chosen for the additional tests 

because of its overall effectiveness against the three microorganisms. 

Out of 11 combinations of microbe types and pH, garlic oil gave 100 % 

inhibition in 8 of those combinations. In addition, according with the 

overall results, the minimum inhibitory concentration (HIC) of garlic 

oil was 200 ppm. 

Food Influence on Spice Oil 

This experiment was conducted in order to determine if the 

previouly determined MIC of garlic oil is influenced in a more complex 

environment. Two different media were used for this evaluation. One 

was commercial, bacteriological cooked meat medium (Difco), and the 

other was commercial rat chow (Purina). The growth of B. cereus and S. 

aureus was completely inhibited in cooked meat at 200 ppm (Table VII). 

However, ~. typhimurium was only partially inhibited at this 

concentration. Therefore, the concentration of garlic oil was 

increased to determine if higher concentrations would influence this 
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Table V. Percent of Growth Inhibition of ~. aureus, ~. !'yphimurium, 
and B. cereus by Spice Oils at pH 5.0 and 6.0. 

Concentration of Spice (ppm) 

pH 5.U pH 6.0 

ihcroor[!,an isn Spice HJ 2') 5C) lor) :WU 10 .) 1- f): ) I ()I) 20() .'_) 

S. aureus Garlic II 213 57 100 100 8 15 47 1(Ji) 100 

Clove 0 0 0 0 0 a 0 u 0 0 

Onion 0 0 0 50 100 0 0 0 0 40 
.i~1 

Oregano 33 89 93 100 100 0 19 23 33 62 

S. tY..2himurium Garlic CJ 29 42 95 100 0 0 23 n 23 

Clove 0 0 0 0 63 0 0 0 0 0 

Onion 0 0 0 19 20 0 0 0 0 0 

Oregano 0 o 17 37 100 0 0 0 21 6"0 

B. cereus';' GarLic - - - - - o 100 lOG 10J 100 
~;i 

,iii:' 
~ilI'l 

Clove - - - - - o 100 100 100 100 ',iii 
~I 

Onion - - - - - 0 o 10") !OO 100 

Oregano - - - - - 0 17 83 100 100 

* The results at pH 5.0 were difficult to obtain because B. cereus 
did not grow well. 
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Table VI. Percent of Grm'lth Inhibition of ~. aureus, .§.• .!.Y..J2.himurium, 
and B. cereus by	 Spice Oils at pH 7.0 and 8.0. 

Concentration of Spice (ppm) 

pH 7.0 pH 15.0 

r'lic roar (1 (1 q ism	 Spice 10 25 50 10i) 200 10 :25 50 11);) 200n - . 

')':> 
~_JS.	 aureus Carlic 22 :L9 55 100 100 14 3(~ 100 100 

Clove 0 0 0 0 33 0 0 0 0 5 

Onion 0 0 0 0 10 0 0 () 0 () 

Oregano 0 0 5 7 30 0 0 0 0 I) 

S.	 tY2.himurium Garlic 0 () 0 0 0 0 0 0 0 37 

Clove 0 0 0 0 0 0 0 66 68 72 

Onion 0 0 0 0 0 0 0 0 I) 0 

Oregano 0 0 0 0 0 0 0 0 o 100 

B.	 cereus Garlic o 58 IOU 100 100 o 100 100 100 100 

Clove 0 0 27 27 30 0 0 0 15 39 

Onion U 40 40 90 100 (j 0 0 o 100 

Oregano o 22 30 30 100 0 15 15 33 100 
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microbe in a food or food-like environment. ~. typhimurium was 

completely inhibited at a concentration of garlic oil of 400 ppm (Table 

VII). 

Comparing these results with those in the agar screening test, the 

MIC of garlic oil tested in the absence of particulate food was lower 

than the MIC of garlic oil in its presence. It appears that the 

presence of proteins, fat, fiber, and other complex nutrients influence 

the antimicrobial effect of garlic. This experiment also demonstrated 

that the pH of the "food" did not affect the antimicrobial activity of 

garlic oil against the test microorganisms. 

Table VIII shows the growth inhibition of the three microorganisms 

by garlic oil in purina rat chow as the experimental medium. The ~1IC 

of garlic oil was similar to the MIC determined by using cooked meat 

medium. According to the results of this test, the minimal inhihitory 

concentration of garlic oil was found to be 400 ppm. 

Toxicity Test 

After having determined that garlic oil was the most "ideal" 

antimicrobial agent, it was incorporated into purina rat chow in order 

to determine if any toxic effects occurred using healthy laboratory 

rats. Each rat in both the control and garlic treated groups ate all 

15 g of diet given to them daily. The results are presented in Table 

IX. After one month feeding garlic oil, there was a significant 15 % 

decrease in the weight of the rats fed with garlic oil diet as compared 

to the control. The statistical analysis (t-test) is presented in 
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Ta\lle vn. Inhibition of gro'"th of fooel-borne microorganisms by garlic 
oil in cooked meat.* 

Opt.ical density Uf2') A) 

pH :licroorgc1ilism Control 200 ppm 300 ppm 400 ppm 

6.0 

B. cereus 

S. aureus 

S. t.Y.l2.himurium 

26.0 

56.0 

32.0 

OO.D 

00.0 

25.0 

00.0 

00.0 

22.0 

(le,. u 

00.0 

liO JJ 

7.0 

B. cereus 

S. aureus 

S. t.Y.l2.hirnurium 

21.0 

52.0 

34.0 

00.0 

00.0 

29.0 

00.0 

00.0 

17 .0 

00.0 

00.0 

00.0 

8.0 

B. cereus 

S. aureus 

S. t .Y.l2.hirnur i urn 

10.O 

23.0 

20.0 

00.0 

00.0 

13.0 

00.0 

00.0 

10.0 

(jCJ .0 

00.0 

00.0 

',' Cu1 tures were e'~a'ninecl after 5 days of incu1Jation at 37 C. 
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1'a lJle VIII. Growth inhibition of food-1Jorne microorganisms by ~~ar 1ic 
oil in rat chow.* 

OtJ tical dens j ty (42~ ,\) 

I'Jicroorganism Control 300 ppm 400 ppm 

B. cereus 06.0 00.0 00.0 

s. aureus 1/+.0 00.0 00.0 

s. typhimurium 10.0 08.0 00.0 

l' CuI tures were examined for ~) days of incubation at 37 C 
purina rat chow (pH 6.5). 
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Table IX. ~Efect of feeding ~arlic on thf? growth of al bino rats.'~ 

Initial 
weight (g) 

\'Jei~~ht after 
four weeks (g) 

Hat Control Garlic oil Control Garlic oil 

1 

2 

3 

4 

5 

97.30 

96.60 

92.80 

90.50 

88.20 

112.40 

96.10 

92.10 

85.3U 

79.20 

274.30 

265.6U 

256.60 

224.4U 

209.80 

216.lD 

214 . ()O 

209.10 

206.80 

200.30 

Average 

Percent of 
weight loss 

93.08 

-­

93.02 

-

246 .1L~ 

-­

209.26 

14.98 

1'1 
II 

* The amount of garlic 8iven daily to each rat was 400 ppm. 



44
 

Table X, and it shows that the mean of the control group is 

significantly different from the mean of the experimental group. There 

were no dei1ths or ot.her visible changes ill the treHted group. Both 

groups appeared to have healthy looking coats, activity levels and 

behavior. 

"I~ 
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Table X. Statistical analysis (t-test) of the toxicity test 

Final IniLi:Jl
 
Group weight weight y y-y (y-y)
 

Control 244.3 - 97.3 = 177 .0 23.94 573.12 

265.6 - 96.6 = 169.0 15.94 254.08 

256.6 - 92.8 = 163.8 10.74 115.35 

22/+.4 - 90.5 = 133.9 -19.16 367.11 

209.8 - 88.2 = 121.6 -31.46 989.73 

Experimental 216.1 112.4 103.7 -12.54 157.25 

214.0 - 96.1 = 117.9 1.66 2.76 

209.1 - 92.1 = 117.0 0.76 0.58 

206.8 - 85.3 = 121.5 5.26 27.67 

200.3 - 79.2 = 121.1 4.86 23.62 

y = 
1 

153.06 n= 51 

Y 
2 

= 116.24 df= 2(n-1)= 2(4)= 8 

n-1 

__i~~=~~~:_ 
n-1 

2 

2 

1 
2 

,-,2 ~(Y-Y2) 
u =-= ---------- ­

s = 

4 

4 

211.87 

2299.39 

--------- ­ = 

574.85 

52.97 

t = 

(fl-12) 
------------­

153.06-116.24 
------------------­ = 

36.82 
---------­ =-= ).28 

2 2 J1/5 (574.85+52.97) 11.20
 
(S + S )
Jl/n 

1 2	 t is higher than the critical 
s 

Critical value: t 2.31 value; therefore, the ~e8ns 

0.05	 [8] 
are significantly different. 



DISCUSSION 

This study demonstrated that spice oils have the ability to 

inhibit the growth of microorganisms, particularly microorganisms that 

are known to cause food-borne diseases. Not all spice oils have the 

same antimicrobial activity. For example, in the present study, garlic 

oil consistantly had the highest antimicrobial activity. It ~as a very 

effective inhibitor against both~. cereus and ~. aureus which are 

Gram-positive organisms. At 200 ppm of garlic oil, hoth microorganisms 

were inhibited at pH 5.0, 6.0, 7.0, and 8.0 (Figures 1-4 and 8-10). It 

appears that the pH of the media did not affect the antimicrobial 

activity of garlic oil at 200 ppm. However, comparing the results of 

Figure 5 to those in Figure 1, it appears that ~. typhimurium, which is 

a Gram-negative bacillus, was less sensitive to the antimicrobial 

effect of garlic oil than ~. aureus, especially at an alkaline pH 

(Figure 7). Garlic oil completely inhibited the growth of S. 

typhimurium only at pI! 5.0 at levels of 200 ppm (Figure 5). It appears 

that garlic oil was more effective against ~. typhimurium at acidic pH 

than at alkaline pH which is similar to the findings with ~. aureus. 

Only when the level of garlic oil was increased to 400 ppm, did it 

completely inhibit the growth of ~. typhimurium at pH 6.0, 7.0, and 8.0 

(Tables VII and VIII). The presence of food and food-like constituents 

(cooked meat and rat food) also influenced the antimicrobial activity 

of garlic oil (tables VII and VIII). The minimal inhibitory 

concentration (MIC) of garlic oil in rat food and cooked meat was found 

to be 400 ppm. Having determined the MIC of garlic oil in these foods, 
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one would be able to incorporate this amount of garlic oil into foods 

to prevent the growth of microorganisms. Hence, garlic oil appears to 

be a good substitute for nitrite in foods. 

Cavallito (1944) was the first investigator who identified the 

compound that was responsible for the antimicrobial activity of garlic 

oil. He named this compound allicin, whose formula is CH2=CHCH2-S0-S­

CH2CH=CH2. Block (1985) demonstrated that when garlic oil was kept at 

a C, allicin appeared as its precussor molecule called allin which 

showed no antimicrobial Activity; however, when the temperature of the 

oil was increased to 25 C, an enzyme called allinase was activated and 

it converted allin into allicin. In addition, when the temperature of 

the oil was increased to 100 C, allicin was converted into a molecule 

called diallyldisulfide which does not have antimicrobial activity. It 

appears that the bactericidal effect of garlic oil depends on the 

temperature, and this fact will be an important factor that has to be 

considered if garlic oil is used as a food preservative. 

The present study showed that garlic oil was effective against S. 

au reus and ~. cereus which are Gram-positive organisms and S. 

typhimurium which is a Gram-negative organism. However, garlic oil was 

more effective against the Gram-positive organisms as compared to the 

Gram-negative organism. This may be due to the difference in cell wall 

structure between the two groups. The cell wall of Gram-negative 

organisms is more complex than the cell wall of the Gram-positive 

organisms (Laskin and Lechevalier et al., 1974), and this could make it 

more difficult for garlic oil (allicin) to enter the cytoplasm of the 
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bacteria. 

Cavallito (1944) suggested a mechanism by which allicin acts as a 

~actericidal agent against bacteria. It CRn react with the amino group 

cysteine. The sulfhydryl (-SH) group was postulated by Hammett (1931) 

as a specific stimulator of cell multiplication. Allicin, therefore, 

may operate by destroying SH groups that are specific for cellular 

proliferation, thus inhibiting bacterial growth. 

Cavallito (1946) also classified antimicrobics attacking 

sulfhydryl compounds into three groups depending on their specificity. 
1.;lt 

f1embers of the first group are those that attack nearly all sulfhydryl 

compounds, and react rapidly with the SH group of cysteine and cysteine 
,I 

peptides. Allicin is a member of this group. The second, and third 

group which includes penicillin, only attack specific sulfhydryl 

groups. Wills (1956) showed that inhibition of sulfhydryl enzymes was 

associated with the presence of the sulfur group found in the chemical 

structure of allicin. He also demonstrated that allicin was ahlp to 

dissolve into the lipid portion of lipoproteins of the cell membrane 

allowing allicin to inactivate the sulfhydryl enzymes. Consequently, 

cell metabolism, respiration, and multiplicAtion would be disrupted, 

and this would result in inhibition of the bacterial growth. This 

would also protect foods from microbial spoilase or acting as a disease 

vector if allicin were used as a food preservative. 

3uchman (1987) suggested that knowing the f'lechanism by which 

nitrite interferes \.,rith microbial growth wonld help discover other 
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compounds which mimic the SAme mechanism. Such compounds might be 

extremely important as new food preservatives or antibiotics. He 

deInon~:;trated that nitrite inhihits [Tjlcrobial g,-O\,t.h hy inactivating 

membrane sulfhydryl groups, and suggested that the sul£hy~ryl groups of 

rJdcterial membralles cOilstitute an ~lntimicrohic target. In t1lis 

respect, nitrite mimics the action of allicin. AllicIn also 

in8ctiv<.'\tl"S mer;:brane sul fhydryl 8roups. This pcp-sent researL1J S\lpports 

the conclusion that allicin, a natural compound, would be Ci gOOd 

suhtitute for sodium 'l.it.rtte in tile presl~rvation of foods. 

One concern ahout food additives is their possihle role as 

mut~gells 0~ carcino~ens. Garlic has heen found to he mut.ag~nic in 

tiner.eria (Takemura and Shimizu et a1., 1(78). HOI,ever, Abrahas aild 

[Icesavan (198:\) enduted pOl;siblr~ genotoxic effects follow~~ng 

a,-lministratj on of 7. 'J rnl/kg hody weight of garl ie to "d ce <uld found 

th.J.l gar1 ic did not CnrF'lnCe the frequency of micronucll?ate:! 

polychromatic erythrocytes. They concluded that garlic oil failad to 

he a carcinogen wnen tested in vivo using iTli-1m:lals. -_:.-hercEore, ;sC:lrlic 

is an example of a substance that is mutngen~c hut not carcinogenic and 

appears to be an exce1l(~nt call,Udate as a substitute filr rli Lritf; -in 

foods. 

The Food and Drug Administration (FDA, 1974) affirmed that gdTlic 

('1;-;;1 >? a ,-1 j_ C 0 i 1 \.JC re c',e ileru 11y rec ogn i ze(1 ,1 ~3 :;a ftc . ;-:(>!(_~ VFJ, c:lI b~~l:::q uen t 

studies delllGnstrateri that garl i_e oil caused serious side effects such 

as de~jU.• skin irriU-ltlon, and organ i'ljuf ies w1,en it. \<I3S CO~lsllPled Cit 5 

ml/kg body weight (Nakagawa et al., 1980). They reported thal 
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adwinistration of raw garlic juice at 5 ml/kg body weight to rats for 3 

weeks caused 5 deaths out of 20 animals, and the remaining 15 animals 

had marked growth retardation due to severe stomach injury. Contrary 

to Nakagawa, Shashikanth (1986) reported that no deaths were seen in 

rats when gdrlic was administered for L~ weeks at 5 ml/kg hodv \'iei:~ht. 

JIe postulated that his contrary result was due to the protection given 

by ad libitum toad avaUn.bility and water which prevented th'::' irritn.nt 

action of garlic on epithelial tissue of the inner walls of the 

stomach. 

Other studies have demonstrated that 2.5 ml/kg body weight of raw 

garlic can cause dermatitis due to an allergic response to its high 

sulfur content (Burks, 1954; Vanketel, 1978; Mitchell, 1980; Lybarger, 

1982; Campolmi et a1., l'JSO). IHeumink (197:2.) showed that the active 

sensitizer found in garlic was water-soluh1e, had a low molecular 

\vei~~ht, and was heat labile. TIe indicated that ooJ,test ic cookin2, for 15 

min. and treatment with dilute acid inactivated the allergic reaction 

of tllis substance. PapClijeorgiou (1983) demonstrated that garlic 'das a 

sensitizer in both humans and animals. He identified the a1l~rgens of 

garlic which are diallyldisulfide, a1ly1propyldisulEide, ano allicin. 

Allicin is responsible for inducing skin irritation at high levels, and 

thus lias antimicrohia1, al1er~enic, and rtirect irritant properties. 

Hence, it appears that garlic's adverse effects on humans if used as a 

nitrite substitute woulJ need further testing, although its use in 

foods to be cooked, hot dogs for example, may be impleJ,tented with 

little concern. 



51 

In the present study, the toxicity of garlic oil was also 

questioned. Since previous studies used large doses of the spice in 

animals and this research focused on antimicrobial eifects, food 

supplemented with garlic oil was tested in vivo. After feeding 5 rats 

with Garlic oil (i~OCl ppm) for one month, the rats had a significant 

15 % lower weight gain than the matched controls (Table IX). There 

were no deaths or other notahle cllanges between the two groups. The 

treated group had healthy looking fur and similar activity levels 

compared to the controls. Comparing the dose of garlic oil (0.03 ml/kg 

body weight) given to rats in the present study with the dose of garlic 

(5.U - 2.5 rrl/kg body \{eig:1t) given to animals in the previous studies 

which demonstrated allergic effects and stomach injuries, it appears 

that 400 ppm of garlic oil in foods is considered safe. These results 

elimina te the possibil ity that gar lie oil would be toxic in humans when 

added to foods becB1lse of the 1/100 fold reduction in its concent ration 

compared to previously published studies. However, further studies 

would need to 3ssess the 15 % weight loss in the experimental B0imals. 

Adding garlic oil at low levels to food may not only be a good 

substitute for nitri.te, but also it may heIr overcome several cliseases. 

Garlic has exhibited numerous, remarkable, pharmacological properties 

when it is con:03UDled at 0.5 - U.25 ml/kg bOCly IYeight. Augus'.i (l'::liJO) 

found that garlic 10IYered the levels of glucose in hyperglycemic 

rclbbits. Lowering of serum cholesterol and antiat11ero;?,':~nic ciCtivities 

by garlic have also been demonstrated (t~thew, 1973; Augusti, 1074; 

kritchevsky, 1975; Leu et al., 1987). Studies sug~est that ?srlic may 
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decrease blood pressure of humans and animals by acting like 

prostaglandin El (Halik, 1981; Ruffin, 1983; Rashid et al., 1985). 

i..;arlic !1C\s grl.:,at [)otelltial as an nnLicoi1gu]nnt by inhihi.ting p];llclet 

aggregation and enhancing fibrinolytic activity (I'jakehia et al., 1979). 

Amonkar (1971) demonstrated that garlic has also larvicidal activities 

against Culex pipiens guinguefasciatus. Garlic has been shown to be 

effective in the dextoxification of heavy metals by binding to them, 

and it also binds to exogenous toxic food additives such as nitrite 

(Xing et al., 1982). Garlic has antitumor activities by inhibiting the 

enzymes that induce tumor growth (Wargovich et al., 1987); and Kandil 

(l9~~7) rr;,orte(l thelt g;lrlic can rnodu18te tlw imlll11ne system hy enhancing 

cytotoxic T-cells, natural killer cells, and macrophages. 

The volatile sulfur cOf;.pounds (allicin, ajoene, and 

diallyldisulfide), minerells (selenium, germanium, magnesiufo, zinc, and 

calcium), vitamjns (thiamine, vjtamin C and A), 811d amilloacids c)re 

generally considered to be responsible for most of garlic's 

pharmacological activities. Table XI presents the probahlp CO~~r)Ollents 

contributing to each pharmacological activity. 

Ll addition to t!H~se pharmdcological effr'cts, ;'arlic has sllown 

wide effectiveness against a number of opportunistic microbes that are 

found to be infect.ing p;::tiel1ts \Vit]l acquired ill1f'1Unode£icieJ1c~r syndrome 

(AIDS). Garlic might have a strategic role to play in the AI])~) 

pander;iic ":;ince it is abh~ to iniluence lilierobe::; such as lierpesvirus 

hominis type I (Tsai et al., 1985), cryptococcal (Fromtling and Bulmer 

(3t ()l., J.9hs) , mycobacterial (AhbrlJz::o:ese et "11.,1987), iJ.nrl can:1ial 

(Enrone et a1., 1977) organisms. 
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Table ~I. The medical or pharmacological spectra of garlic.* 

Pharmacological Probable Components 
Activity Contributing to Activity 

Anticoagulation 

Antihypertensive 

Antimicrobial 

Antiparasitic
 

!,ntibiotic
 

Antimycotic
 

}"J1tiviral
 

:Iypolipemic 

Detoxification ot 
heavy metals 

Antitumor 

1\ntio)~idant 

Antiaging 

Imr,une I ioculation 

Natural killer-cell 
activit} cluj other 
dnds of cell-mediated 
i IT.fTllEl i t Y 

;-Jumoral inmmni ty 

COlllple',lc~nt activity 

Ajoene 

Seleniulil, i?,eri'lClnium 

Allicin 

Allicin 

Allicin, ajoene 

All iein, ajoene 

Diallyldisulfide 

Selenium, germanium 

Selenium, germanium, 
cliallyldisulfide 

Sele!1ium, germanium 

Selenium, diallyldisulfide 

Germanium, selenium 
zinc 

Germanium, allicin 

:'rag:l'~sium, calciUfil 

',' ,\r1E1pted from !\brlullah, 1.9gb. 
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eOi1~:;u~,~rs thaL desire t112 so-c3Il(~d "niltural" foods. The prohlem will 

be to isolate, purify, stabilize and incorporate this natural 

antimicro:)ial into roods \vitnnut ClrlversCllvJj.Tc:tin.: ::;erJsor:; ,1n,1 s'1 f ety 

char~cteristics, and all of this should be done without increasing the 

cusl for C(JrJ:IU 1at ion (J nl: pr<Kcssi n\;. I r! '111 rl i ti 0 n , '",or! ie oi I un] d be 

useful not only for the food industry, but also it could be useful for 

t Ct':' f:i'~ Id oj '<1PO icinl' ,.iu\? to its pharci::1c') l(Jfd.cdl;ro[J':rtic:,s. Fllrt:,2r 

investigations are needed in order to establish practical guictelines. 



CONCLUSION 

Garlic oil had the highest antimicrobial activity among the four 

spice oils tested. The HIC of garlic oil was found to be 400 ppm. The 

pH did not affect the ant.imicrobiaL activity of garlic at higher 

concentrations. The presence of proteins, fats, and fibers such as 

found in foods influencerl the antimicrobial effect of garlic oil. 

Garlic oil was effective against .§.. aureus and £. cereus, as '''ell as S. 

typhimurium, which vlBS less sensitive. After feeding rats with 400 ppm 

of garlic oil for one month, the rats lost 15 % of their normal weight 

and no other visible toxic effects were ohserved. l'
This study suggests that garlic oil could be used as a I 

1 
preservative in foods such as meat products, gravies, sauces, baked 

goods, poultry products, salad dressings, or seafood products. Garlic 

Inay he a good substitute for sodium nitrite in foods. Further study 

using lower levels of sodium nitrite in conjunction with garlic oil 

should be pursuerl in foods challenged with old and new food-borne 

microorganisms such as Clostridium botulinum and Listeria monocytogenes 

t 
to determine whether microhial growth inhihition or prevention of 

stored food deterioration occurs in an actual food system. 

Garlic oil contains nutritional value, and it is a naturally 

occurring compound, widely cultivated, cheap and safe, and used as a 

flavoring agent. I10r2over, there 'ire no reports on development of 

resistance in sensitive organisms against garlic, a common problem with 

antibiotics. Garlic's potential usage as H suhtitute for soiium 

nitrite in foods would appear to be good, especially, for those 
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i"i",ure 11.	 GrOl'lth curve of .§.. t\'phimurium 
determined alter grOl,in;?, the h8ctc~riurn 

ll)[ l() lIl. i'llC (Jpt-Le-d dl'flsitv Ci2'~ rHi) 
of the clll ture as vlell as plaLe count 
~\,ii..~re recorde(l ev(~rv 3\.) nin. ;-10J used to 
determine the colony forming units of 
t:li~; 'l<lcterllJ11 ai: speci.fic till'E'. Trl(~SE' 

data reprCs211t tile i1vcri1::~e of three 
e.'-: pc r i:~le ij t s. 
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Figure 12. Growth curve of ~. aureus determined 
after growing the bacterium for 10 hr. 
Ihe optical density (425 DU) of the 
c1llture as well as plate connt were 
recorded 2'i2ry 31) mill. i1nr! 11:3(c>d to 
determine the colony forming units of 
ti1i:3 \)8cterill:1 ,1t SIJecic-ic time. These 
data represent tlle average of three 
e ; ~ l ;. C r i -;L e rt t oS • 
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0igure 13. Growth curve of ~. cereus determined 
after growing the bacterium Eor 10 hr. 
The 0I)tic8.l dc~nsi ty (LI2 c:i 11m) of the 
culture as well as plate count were 
rt~corde(l every ]() JIlin. 3Ild llsed to 
determine the colony forming units of 
tlL, :J('1ct<.:'rillli~ at specific tin'e. '[;,c':;e 
data represent the 8verdge of three 
'~;:jleri,l)e,1ts. 
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