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ABSTRÀCT.

The antibacterial activity of eugenol the major act.ive prin-

ciple of clove oil was investigated using two homofermentative

Lac tobac i I lus species, designat,ed as lactose (lf') and non-lactose

(Hfr') fermenting. These organisms were isolated from an Iraqi
fermented meat sausage, Pastirma.

lnitial studies established that increasing concentrat.ions

of eugenol (0.0 -0.5 for Lhe LF and 0.0-0.1íeo,v/v for the NLF)

inhibited growth, pH and titratable acidity development in both

the LF and the NLF cultures, and that the LF culture was more

susceptible to the effects of eugenol. The minimum inhibit,ory

concentrat,ion (urC) of eugenol was 0.06 and O.08eo ,v/v f or the LF

and the NLF organisms, respectively¡ using an inoculum of

1OsCrU/mf, in APT broth. The length of cultivation also played a

significant role in the susceptibility of these organisms to
eugenol. Sublethal concentrations of eugenol ( 0.03e. and 0 " 06e,

for the LF and NLF respectively) incorporated into APT broth,

resulted in morphological changes to these organisms which were

manifested by swelling. This cellular swelling Ìras shown to

increase biomass determinations during time-course studies. À

decrease in cellu1ar adenosine triphosphate (atp) accumulation in

both the LF and the NLF was observed as the eugenol concentration

was increased, suggesting leakage of either ÀTP or phosphate, or

less accumulation of ATP in the celI.
FiltraLes obtained from these two organisms grown in the

presence of increasing concentrations of eugenol showed increas-

ing UV absorbancy at 260 and 280 Drn'r indicating leakage of intra-
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cetlular contents (nucleotides and proteinaceous materials,

respectively)" Increase in absorbance \was detect,ed before any

appreciable lethality took place with both the LF and the NLF

culture, suggesting that lethality is at least, partially a

result of leakage, and not vice-versa.. cell filtrates of LF and

NLF treated with increasing concentrations of eugenol also showed

increasing release or leakage of intracellular proteins.

Growth of both organisms in the presence of eugenol caused

some significant changes in the ce1lular fatty acid type and com-

position of these organisms. In both cases, increasing eugenol

concentrations significantly caused a decrease in the satu-

rated:unsaturated fatty acid ratio. The higher ratio observed in

the NLF.may explain the higher degree of resistance of this

organism to eugenol than the LF organism. Increasing concentra-

tions of eugenol also appeared to cause increased synthesis of

some fatty acids not normally found in the lactobacilli, such as

branch chain (iso- and ante-iso-) and the saturated, but odð-num-

bered carbon (n-C15¡0 and n-C17:0) fatLy acids. Repeated transfer

of eugenol-treated LF and NLF cultures into fresh media vtithout

eugenol, indicated that the organisms would attempt to recover

from the effect of eugenol by synthesizing more of the saturated'

and less of the unsaturated and unusual fatty acids.

Microscopic observations of the LF and NLF cells treated

with eugenol indicated swelling and lysis of the cells. The

treated cells vtere translucent, and appeared elongated compared

to the normal cetls (controls) for both organisms'
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I. INTRODUCT]ON"

Spices and herbs are common food materials, used mainly for

their flavor and aroma properties. These properties largely

resíde with compounds such as alcohols, esters, terpenes, phe-

nols, and organic acids (Pruthi , 1980; Shelef et âI-",1980).

Although spices contribute mainly to the development of flavor,
they have also been shown to possess inhibit-ory/slimulatory
microbial activity, thus influencing the growLh of certain
microorganisms (Karaioannoglou e_t ê1. ,1977; Salzer et a1. ,1977 ¡

Zaika and Kissinger , 1979, 1 981 ; Huhtanen, 1 980; Skjelkvale and

Nes, 1981 ). Many workers have demonstrated the antimicrobial
activities of spices against a wide variety of microorganisms

including bacteria (Hoffman and Evans, 1911¡ Beuchart, 1976; She-

lef et a]. , 1 980 ) , molds and fungi (Kato et aI. ,1973; Sharma

et aI.,1979; tlitokoto eL al.,1980¡ Azzouz and Bullerman, 1982) in

a wide variety of food materials (Anand and Jahar, 1957; Buller-
man, 1974i Salzer et aI.,1977; Nkanga and Uraih, 1981) as well as

in laboratory media (shelef et aI.,1980).

Although spices are still commonly used in their natural

forms, extracts are becorning more increasingly popular. Such

extracts include oleoresins and spice essential oils (Pruthi,

1980; Nes and SkjeIkvale, 1982). Spice essential oils contain

many volatile constituents, which are also known to possess anti-
microbial properties. These antimicrobial components of essentíal

oils include aIl-icin in garlic, a11y1 isothiocyanat,e in mustard,

cinnamic aldehyde and eugenol in cinnamon, and eugenol in

cloves (Sa1zer, 1977¡ Shelef, 1983). However, although it has novr
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been recognized that both the essential oils and their components

are even more potent in their antimicrobial activity than the

natural spices, very Iimited research has been done in this area.

Nevertheless, a few workers have recorded growth and end-product

ínhibitíon by these essential oils and their volatile components

with fungi (Cavallito and Bailey ,1944; Maruzzella and Liguori,
1958; Bullerman e! al. ,1977; Boonchird and Flegel, 1982; Jay and

Rivers, 1984), and with Gram positive and Gram negative bacte-

ria (MaruzzeIla and Henry, 1958; Katayama and Nagai, 1960; Miyao,

1975i Jay and Rivers, 1984).

Eugenol, the major active component of cloves and clove oi1,
carnation, Iaurel and cinnamon leaf oils, is a phenolic compound

which is a derivative of o-methoxyphenol, possessing a hydroxyl

group directly bonded to a benzene ring (Katayama and Nagai,

1 960 ) , Clove oil may contain as much as 95eo euge-

nol (pruthi,1980). This essential oil has already found uses as a

flavoring agent, in cosmetics manufacture, and as an anaesthetic

in dental surgery" It has been reportedly used in foods such as

non-alcoholic beverages, ice cream, candies, baked Eoods, chewing

gums and meats at various concentrations, mainly as an antioxi-
dant. (Fenaroli, 1975), Though it is known to possess antimicro-
bial activity, (Hoffman and Evans, 1911¡ Katayama and Nagai 1960;

Miyao 1975; Boonchird and FIegeI 1982; Jay and Rivers , 1984\

eugenol has not been widely investigated despite its approval for

food use (reue, 1965; Council of Europe, 1974; Fenaroli, 1975).

Since eugenol is a phenolic compound, its antimicrobial
activity has been linked to that of ot,her phenolic antioxidants
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and antimicrobial agents currently used in foods, such as buty-

tated hydroxyanisole (gH¡), butylated hydroxytoluene (gHt) and

mono-tertiary butyl hydroquinone (tgHQ)(gutlerman et a1., 1977).

Tt is nov¡ known that these phenolic ant,ioxidants also have anti-
microbial activity against bacteria, viruses, molds and proto-

zoa (Chang and Branen , 197,5¡ Snipes et aI. , 1975¡ Surak

el al. ,1976a, 1g76b; Robach et â1., et aI. , 1977¡ Kim et êÀ.,
1978; Davidson and Branen, 1980a, 1980b; Raccach, 1984) although

very litt1e research has been done on their mechanism of inhib-
ition. (Branen et aI., 1980). Raccach (1984), proposed that the

antimicrobial activity of phenolic antioxidants appears to depend

on the presence of a hydroxyl group on the molecule, the lipid
solubility of the compound and the degree of steric hindrance.

Several workers have reported that the mechanism of inhibition of

phenolic compounds involves the function and composition of the

cellular membrane, the synthesis of DNA, RNA, protein and Iipid,
and the function of the mitochondrion (Metcalfe, 1971¡ Surak

et al, , 1976a, 1976b; Hammerstedt et aI. , 1976¡ Wanda et al.,
1976; Singer and Wan, 1977; Surak,1977; Davidson and Branen,

1980b; Degre' and Sylvestre,1983). Since eugenol is a a natural
component of food, it would be considered more desirable and more

acceptable to the discriminating consumer than the presently used

synthetic phenolic antioxidants.
This study was initiated to examine the antibacterial activ-

ity and possible inhibitory mechanism of eugenol against two lac-
tic acid bacLeria isolated from an Iraqi fermented meat sausage,

Pastirma. The objectives of this study specifically include:
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(f )tfre ef f ect of eugenol on bact.erial growLh and by-product f or-
matibn concomitant with intracellular materials leakage and

lethality, and (lf) Lhe changes in the composition and type of

cellular fatty acids in the bacteria, as affected by the presenee

of eugenol during growLh,
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2" REr/rEW OF LTTERAIUBE.

2.1 "
SPI CES AND HERBS

Spices and herbs are dried aromatic plant products used

since antiquity to flavor foods and beverages. They are widety

used to impart flavor and aroma to foods. Some spices are also

used in perfumery and cosmetics, while others are used to soothe

and heal through medicinal incorporation (pruthi,1980). Included

in herbs and spices are leaves (rosemary, sage), flowers and

flower buds (clove), bulbs (garIic, onion), rhizomes (asafoe-

tida), fruiL (pepper, cardamom), and other parts of the plant.

Frequently, blends of several spices are used. Spices are

selected and classified on the basis of the flavor and color that
they impart to foods, t,hat is, hot (pepper), pungent (garlic),

herbaceous (sage, rosemary), aromatic (cIove, cinnamon), and col-
oring (turmeric; Clark, 1970).

2.1.1. the¡ical components of spices and herbs.

The use of gas chromatography as an analytical method for
the identification of spice and herb components has yielded

important information regarding their flavor, aroma and color

characteristics (Salzer, 1977), Many workers have reported that
the major flavor components of spices and herbs consist of such

compounds as alcohols, aldehydes, esters, terpenes and sesquiter-
penes, phenols, organic acids and others, some of which have not

yet been fully identified (Pruthi,1980; SheIef et a1.,1980). CoI-

oring pigments in spices and herbs include carolenoids and

anthocyanin in red pepper, crocín in saffron, curcumin in tur-
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merie , phenols in ntttmeg, mace and cloves, ald isothiocyanat,e in

mustard seeds (pruthi, 1980), while pungent principles such as

zingerone and gingerol in ginger root, capsaicin in red pepper,

eugenol in cloves, and isoeugenol in nutmeg, have been found to

be derivatives of o-methoxyphenol (Kulka, 1967).

2"1"2. Àntimicrobial properties of spices.

Many researchers have concluded that most spices possess

antimicrobial activities against a wide variety of microorgan-

isms" Hoffmann and Evans ( 1 91 1 ) demonstrated the preservative

aetions of nutmeg, cinnamon, aIlspice, clovesr ginger, black pep-

pêF, Cayenne pepper and mustard in apple sauce and ketchup. Beuc-

hart (1976) concluded that spices, and their essential oils as

well as organic acids are particularly sensitive to Vib-

rlo parahemolvt icus o Shelef et aI. (1980) tested Lhe sensitivity
of 22 Gram negative and 24 Gram positive bacteria to sage, rose-

mary and allspice at spice concentrations up to Zeo in the growth

media and concluded that Gram positive bacteria were more sensi-

tive than Gram negative bacteria, with sage having the highest

antimicrobial activity, followed by rosemary. Allspice was shown

to be the least effective.
Huhtanen (1980) concluded that oyt of 33 alcoholic extracts

of spices tested on Clostridium botulinum, mace and achiote v¡ere

the most inhibitory. These spices gave a minimum inhibitory :on-
centration (ttrC) of 31 ng/L, f ollowed by nutmeg, bay leaf ,white

and black pepper with an MIC of 125 ng/L; paprika,. rosemary, ore-

gano, turmeric and thyme each gave an MIC of 500 ng/T,, while the
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2.1 .3.

resL shov¡ed Iittle or no inhibition at 2000 ng/L, 'Zaika and

Kissinger (1981) reported t.hat increasing concentrations of ore-

gano from 0.5 to 8.0 g/L in a liquid medium resulted in either

stimulation, delayr oF inhibition of acid production and viabil-

ity of both Lactobacillus Blantarum and Pediococcus cerev 1S lAe .

Azzouz and Bullerman (1982), found that of 26 herbs, spices,

plant components and commercial antifungal agents tested, cloves,

mustard, cinnamon, garlic, allspice and oregano at the 2eo level
in potato dextrose agar, completely inhibited growth of seven

mycotoxigenic molds for various times up to 21 days. Recent stud-

ies on in vitro antibacterial activities of some ground spices or

their extracts are presented in Table 1.

Effects of snices ôn f ermented meat oroducts.

Nes and Skjelkvale (1982), investigated t,he effect of spices

and oleoresins on the fermentation propert.ies of 3 commercially

available starter cul-tures of L. plantarum and found that natu-

ral spices accelerated the fermentation process in the producLion

of dry salami sausage, while oleoresins showed no effect. Karaio-

annoglou et al. (1977)¡ Sa1zer et al. (1977); Zaika and Kissinger
(1979, 1 981 ) and Huhtanen ( 1 980 ) , in separate studies, reported

that spices not only contribute to flavor development in dry sau-

sage, but also possess inhibitory or stimulatory activity, thus

influencing the growth of certain bacteria. Of the various bacte-

ria studied, L . plantarum was found to be most frequently stimu-

lated by the different spices tesLed, with respect to growth and

acid production ( zaika and Kissinger ,197g; Skjelkvale and



Table 1. Sumuary of recent. studies of ln vftro antlmlcrobfal actlvlties of
splces or Èhelr extracts (adapted fron Shelef, 1983).

some ground

Spice Inhtblted Organfsns Source

Garllc S. typhlnurium, E. col1 Johnson and Vaughn, 1969.
Powere et al. , L975.
Karaloannoglou, 1977.

S. aureus E. coll
B. cereue

Onion A. flavue, A. parasftlcue Sharna eÈ al., 1979.

Zalka and Klsslnger, L979.
Hitokoto eÈ al., 1980.
Kato et a1., L973.

Cloves P. cerevisLae, L. plantarun
Aspergtllus (3 stralne)
Bact,eria, yeasts, molde

Cloves nycot,oxlg enic Aeperglllus Azzouz and Bullerman, L982.

Clnnamon Pentcllllun (7 straine)

Oregano Salmonella Julseth and Diebel, I974.
Beuchart, L976.
Llewellyn et al., 198f.

v rahemo t f cr¡s
genlc Aperglllue

(3 scralns)

Roaenary

Sage

B. cereue, S. aureug Shelef et al.,

Shelef et al.,

r980.

1980.V. oarahemolvtlcus

@
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Nes,1981 ). zaika and Kissinger (1984) in another study,

identified manganese as a factor in spices responsible for the

enhancemenL of acid production by meat starter bacteria with

cloves having the highest Mn** content and exerting the greatest

stimulatory effect. This effect was greatly dependent on the

growth medium employed. These authors reported that in media such

as APT or MRS broths, which give optimum growth of lactic acid

bacteria, the conLent, of Mn** was too high (7"1*10-4M Mn** in ApT

and 2.2r,1 0- 4M in MRS ) to allow the st imulatory ef f ect of spices

to be significant. Thus when a 0.1N HCI extract of cloves vras

added to APT medium (¿.3,t10-6M added Mn**), no signif icant

enhancement of acid production r/¡as observed, since acid produc-

tion by L. plantarum was already at a maximum in the medium

(zaika and Kissinger ,1984).

Zaika et aI. (1978 ) also reported that a mi'xture of 9 spices

used ín Lebanon bologna formulation enhanced the fermentation of

these sausages. Nkanga and Uraih (1981) examined the effect of 1eo

of cloves, onion, ginger and black and white peppers on the

g rowth of Staphylococcus aureus in meat homogenates ( 1 0e" meat and

'1e" NaCl). The authors reported that growth in samples containing

cloves and red pepper was inhibited; onion and black pepper were

less inhibitory, and a level of 10e" cloves or red pepper in meat

homogenates vras bactericidal against S. aureus. More recently,
Al-Jala1y (1985) isolated two Lactobacillus spp. from an Iraqi
fermented meat sausage, Pastirma, and investigated the effects of

10 spices and spice mixtures used in the sausage formulation on

the isolates. It vras found that increasing concentrations of the
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spice mixture in ÀPT broth progressively increased the time for

maxímum growth, titratable acidity and pH development in bot.h

cultures. Furthermore, investigation of the MIC of each individ-

ual spice present in the mixture showed that clove, black pepper

and nutmeg were the most effective against the isolates, while

cardamon, cinnamon, coriander and cumin were the least effective
(a1-;a1aIy,1985 ) .

A summary of some recent studies on the microbial inhibition
by spices in various foods is presented in Table 2.

2"1.4 Effect of soi c e s bacterial spores.

Very

bacterial
garlic ex

Bac i I lus

Iittle is known regarding the influence of spices on

spores. However, Karaioannoglou (1977 ) reported that
tract (1e" in enriched BHI) inhibited the outgrowth of

cereus spores. Shelef et aI. ( 1 984 ) , in studying the

effect of sage on B. cereus spores, reported that, the presence of

sage allowed germination to occur, but outgrowth was inhibited,
the degree of inhibition depending on the spore inoculun"

2"2. sPrcE EssENTrÀL 9JrE.

Essential oils are the volatile oils obtained from plants or

from parts thereof by (1) water distillation, (2) steam distilla-
tion, (3) enzymatic action followed by steam distillation ott (4)

water and steam distillation (eruthi, 1980). Extracts from spices

include mainly essential oils, oleoresins, spice essences, emul-

sions, and spice decoctions"



Table 2. Microblal fnhtbition of some microorganlsms by some splces in foods.
(after Shelef, 1983)

Splce Effectlve
level, (Z)

Food Organlsn Source

Clnnamon 3.0 ¡nango ptckle 4

A

nlger Anand and Jahar, L957.

1.0 ralsln bread paraeLticus Bullerman, 1974.

Cloves 0.6 mango plckle A. nlger Anand and Jahar, L957.

1.0 meat homogenaEe
( 102)

s . aureu8 Nkanga and Uralh, 1981.

Red pepper 1.0 ueat homogenate S. aureus

Pepper .08 o2 freeh sausage E. coll Salzer et al., L977.

0.3 lactobacfllf

nlcrococcl
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2"2"1. Volatile component spice essential oils.
' Most essential oils of spices consist of mixtures of hydro-

carbons ( terpenes, sesquiterpenes, etc . ) , oxygenated compounds

(alcohols, esters, aldehydes, phenols, ketones, etc.) and a small

percentage of non volatile residues such as waxes and paraffins
(Salzer , 1977; Pruthi,1980). The advantages of spice essential
oils include, hygiene, being free of all microorganisms, standard

flavoring strength, their flavor quality is consistent with that
of the raw material, they do not impart color to the product,

they are free from enzymes and tannins. In addition, they are

reasonabJ-y stable on storage and l-ess bulky than the raw mat,erial
(Pruthi, 1980).

The major active principles in spice essential oils are pre-

sented in Table 3.

2"2.2. In vitro antimicrobial activ itv of spice essential oils.
The association of the volatile essential oiI fraction with

thg antimicrobial activity of spices has long been recognized.

Janke (1923), reported that mustard oi1, at a concentration of

0.006e. suppressed the development of mycodermae in pickles, and a

lower concentration was effective against acetic acid bacteria in

pickled tomatoes packed in 2.5eo aceLic acid. Maruzzella and Lig-
uori (1958) confirmed the in vitro antifungal activity of gZ vol-
atile oiIs, with Streptomvces venezuelae being the most suscepti-

ble, and Candida krusei being the most resistant to the oils.
Chamberland (1887) showed that cinnamon oil was let.hal to spores

of the anthrax bacillus, while Hoffmann and Evans (1911) and Cor-



Table 3. Splce essentlal ofls and their naJor actlve prlnclples.

Essentlal Oil MaJor actfve
prlnclple

Z Actlve
prlnclple

Source

Clove eugenol 85-92

95

75

42-75

40-80

45-55
I

u

PruËhi,

Merory,

Salzer,

Pruthl,

Salzer,

Pruthl,

1980.

1960.

L977.

1980.

L977.

1980.

Clnnamon clnnanlc aldehyde

ÀJowan

Garllc

Turnerlc

Oregano

Thyne

Plmento (allepice)

thymol

a111cln

curcurmln

carvacol

Èhynol

eugenol neÈhyl ether

eugenol

B-pipene, eabÍnene

plperfne

u

u

u

u

Pruthl, 1980.

60-80 Salzer, I977.

Nutmeg

Pepper

65-80

UJI - Undetermined

98
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ran and Edgar (1933), demonstrated the germícidal properties of

spices and essential oils in experiments aimed at food preserva-

tion. Prasad and Joshí (1g2g), recommended a method of preserving

fruits using an infusion of ground cloves and salt. Frazier
(1967), reported that cinnamon and clove oils were the most,

effective inhibitors of yeasts and bact,eria; in high concentra-

tions these compounds permitted mold growth but inhibited asexual

spore formation.

Maruzzella and Henry (1958) also report.ed that when 35 vola-

tile oils v¡ere tesLed against 5 bacteria, eucalyptus, cinnamon

and oreganum oils exhibited the greatest antibacterial activity,
with Gram positive bacteria showing more susceptibility to t.he

volatile oils than Gram negative bacteria.. BuIlerman et al. (1g77)

reported that cinnamon and clove oils were inhibitory towards

growth and af latoxin production by Asperqillus pêle-gjijqtq at 200

to 250 ng/L, respectively. Recent studies on in vitro antimicro-
bial activities of some spice essential oils are presented in

Table 4.

2.2.3 Àet I ve ant-imierobial eomoôu nds in spice essential oils
Data on the essential oil content and some of the recognized

antimicrobial components in selected spices are summarized in

Table 5.

Limit,ed studies have been reported concerning the antimicro-
bial effects of the primary constituents of spice essential oils.
Bullerman et al-. (1977 ) reported growLh and aflatoxin inhibition
by cinnamaldehyde and eugenol, at leve1s above 200 ng/f,, and con-



Table 4. Recent reports on fn vltro anÈlmicroblal activities of spice essentlal o1ls
(after Snefef, 198Ð

Splce essential oils Inhiblted organfsms Source

Oregano, thyme

Sage

Rosenary

Garlic (A111cin)

g

E-

q_

parahemolyticus Beuchart, I976.

Shelef et al., 1984.

Farbood et a1., 1976-

Yamada and Azuma, L977 -

. cereua

. aureus

Cinnamon, clove

Candlda alblcans'

other pathogenlc fungl.

A. parasltlcue Bullerman et al., L977 -

(n
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Table 5, EssenLial- oils of some spices with antimicrobiaL act,ivi-
t ies (after Shelef , 1 983 )

Spíce Proximate essential
oil conLent, (eo)

Ant imicrobial
components

Garlic

Mustard

Cinnamon

0.3-0.5

0,5-1 .0

0.5-2.0

allicin
allyl isothiocyanate

cinnamic aldehyde

eugenol

eugenol

thymol eugenol

thymol carvacol-

Clove

Sage

Oregano

16.0-'18.0

0 .7 -2.0
0 " 8-0.9
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eluded that the levels of these two compounds commonly found in

candies and baked goods could be effective as growth inhibitors

of fungi. Other researchers have reported the inhibitory effects

of various spice essential oil components against various

microorganisms implicated in either food spoilage or toxin pro-

duction (Hoffmann and Evans,1911; Cavallito and BaiIey,1944;

Maruzzella and Liguori, 1958; Katayama and Nagai,1960; Boochird

and Flegel,1 982 ) .

2.3" EUGENOL.

Cloves contain essential oil ranging from 15 to 20eo, of

which 85 to 95eo is eugenol (Merory,1960; Pruthi,1980)" Eugenol, a

phenolic compound, is the main constituent of several important

essentiaL oils such as oils of .clove, clove stem and leaf,
pimento, cinnamon ]eaf, laure1 Ieaf and carnation (f'ood Chemicals

Codex ,1972; Fenaroli, 1975; Opdyk e,1975ì Salze r,1977 i Pru-

thi,1980). It is a colorless to pale yellow liquid, with a

strongly aromatic odor of clove, and a spicy pungent taste. Euge-

nol is also known as eugenic acid ì 4-atIy1- guaia-

col ;'1 -hydroxy-2-methoxy-4-allylbenzene ; 4-aI1y1-2-methoxyphenol

or 2-methoxy-4-prop-2-enylphenol. It has a molecular weight of

164.21, and the empirical formula, CroH tzOz. Eugenol is a deriva-
tíve of o-methoxyphenolr. possessing a hydroxyl group directly
bonded to a benzene ring (nigure 1 ) and darkens and t,hickens upon

exposure to air. It is slightly soluble in v¡ater, and is miscible

with ether, a1cohol, chloroform and with fixed oils (Fena-

roli ,1975).



Figure r The chemrcal srruc.ures of eugenol, BttA and BHT
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2.3.1" Current status and reported uses of euqenol,

Eugenol has already found uses as a flavoring agent in

foodsn in cosmetícs and perfume manufacture and as an anesthetic

in dental surgery (nood Chemicals Codex ,1972; Fenaroli ,1975i

Opdyke,1975). Eugenol vras granted generatly recognized as safe

(SneS) status by the Flavoring Extract Manufacturer's Association

(nglfe,1965), and is approved by the U.S" Federal Department of

Agriculture as GRÀS for food use. The Council of Europe (1974),

included eugenol in the list of artificial flavoring substances

Lhat may be added to foodstuffs without hazard to public health.

Eugenol has also been reportedly used in a wide variety of foods

at various approved concentrations (table 6.). The incorporation

of eugenol in foods is to be expected, since it is obtained as a

natural product from naturally edible plant materials.

2.3"2. The antimicrobial activitv of euqenol.

Although the Iit,erature does not abound on the antimicrobial
activity of eugenol I a few workers have nonetheless confirmed

this property. Early reports by Hoffmann and Evans (1911) con-

firmed the preservative quality of eugenol in ketchup and apple-

saucer ês well as in growth media. Katayama and Nagai (1960) in

an attempt to study the chemical structure 1,'td ant ibacter ia1

activity of various terpenes, including eugenol, showed that at

dilutions of 2000 or more, eugenol vras inhibitory towards the

growth of Bacillus subtilis, Sa lmone I 1a enteritidis, Staphvlococ-

cus 4IS!9, Pseudomonas aeruqinosa, Proteus morqanii and Escher-

ichia coli (rable 7.1. Miyao (1975) reported that eugenol v¡as
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Table 6" Reported uses of eugenol (Fenaroli, 1975)

Food item Concentration (ng/r)

Non alcoholic beverages

Ice cream, ice, etc.
Candy

Baked goods

Gelatins and puddings

Chewing gum

Condiments

Meats

1"4

3"1

32.0

33.0

0.6

500.0

9.6-100.0

40.0-2000.0
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Table 7. The antibacterial activity of various terpenes, volatile
alcohols and aldehydes" (after Katayama and Nagai,1g60)

Compound Þ
Bacteria

subtilis E.
tested

coli S. äureus P. aerlJqt¡eËa

Di lut i ons 1

Eugenol
Benzyl alcohol
n-HexyI alcohol
Vanillin
Cinnamic aldehyde
Aeetaldehyde
Salycylaldehyde
Benzaldehyde
I soborneol
Thymol
Carvone
o-Pipene
ß-Pipene

<2000
20

100
2000

200
20

2000
20

2000
1 000

100
10

100

<200 0
20

100
2000

20
20

<2000
100

<2000
20
20

2000
200

20
<2000

20
1000
1000

20
10
20

<2000
200
100
200

20
20

1000
100

1 000
<20 00

20
10

100

<2000
20
10
20

lMaximum dilution at which bacterial growth was inhibiLed,
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ef fect ive against 6 microbial strains i solaLed from Vienna

sausage, and that dipping the sausage in a 50e" ethanol solution
containing 2eo eugenol for 10 seconds prolonged their shelf life
at 10oc by 12 days. Bullerman et at.(1977) in their studies with

eugenol and cinnamic aldehyde reported that at 125 ng/L, eugenol

exhibited inhibitory action against growth and aflatoxin produc-

tion by Aspergillus parasÍticus 1n a yeast-extract sucrose

medium. Similarly, eugenol has also been confirmed to possess

in vitro antifungal activity against the pathogenic yeasts Cê_n--

dida albicans and Cryptococcus neoforme¡s by Boonchird and Flegel
(1982').

The antibacterial activity of eugenol, in comparison to some

other terpenes, volatile alcohols and aldehydes of plant origin
whose antibacterial activities have also been established, is
presented in Table 7. Eugenol, vanillin and salycylaldehyde aIl
of which possess a hydroxyl group directJ-y bonded to a cyclohex-

ane or benzene ring, showed antibacterial activity in dilutions
of over or about 2000. It is thus presumed that addition of con:-

diments conLaining such terpenes to fish, ham and sausage will
have an antiseptic and antifungal effect (Pruthi,1980).

More recently, Jay and Rivers (1984) tested 21 flavoring
compounds against a variety of organisms and reported that euge-

nol, among others, vras one of the most effective. Àctivity of

eugenol vras highest at pH 6.0, decreasing at pH 8.0: The authors

also reported that eugenol vras generally more effective against

f'ungi than against bacteria, with the lactic acid bacteria being

the most resistant. Their findings suggested that compounds used
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in. acíd foods, ostensibly as flavoring agents, may exert antimi-

erobial effects when considered in context with all parameters of

growth. Since eugenol is a phenolic compound, its antimicrobial

activity has been linked to that of synthetic phenolic ant,ioxi-

dants presently used in foods such as butylated hydroxyanisole

(nHe); butylated hydroxytoluene (gHr) and monotertiary butylhy-

droquinone (rnHg) (guflerman e! a1. ,1977)"

2.4. PHENOLIC ANTIOXIDANTS.

Phenolic antioxidants such as BHÀ, BHT and TBHQ, are com-

monly used to prevent those changes in flavor quality and nutri-
tive value that result from oxidation of unsat.urated fats and

fat-containing products. In addition, they are known to possess

antimicrobial activity (Branen et a1., 1980; Raccach, 1984).

2.4.1. The chemical nature of phenolic antioxidants.
The most frequently used phenolic antioxidants in foods in

the United States are BHA, BHT, TBHQ and propytgallate (pC). Less

frequently used is 2,4,5-trihydroxybutyrophenone (tHgp) (Sims and

Fioriti,1980). These compounds are low molecular weight (166-220)

hindered phenols containing 1 to 3 hydroxylgroups (rigure 1 ). The

steric hindrance brought about by the substituted alkyl group(s)

makes these materials relatively non-poIar (Raccach, 1984). Phe-

nolic antioxidants are practically insoluble in wat,er, but solu-

b1e in organic solvents such as ethanol and propylene gIycol. BHA

and BHT, each having one hydroxyl group, are soluble (,rp to 50e")

in fats and oils. PG, THBP and TBHQ with more than one hydroxyl

group have a low solubility (<1-10e") in Iipids (Raccach, 1984)"
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2.4.2 "
The ant imicrobial Drooer ties of phenolic anti oxidants.

Phenolic compounds have been known for many years to possess

antimicrobial act,ivity, but Ward and Ward (1967 ) were the first

Lo report the antimicrobial activity of phenolic antioxidanLs"

It is novr known that these antioxidants have anLimicrobial activ-

ity against growth and by-product formation in bacteria (Gram

positive and negative, spore and non-spore formers, spoilage and

pathogenic), molds, yeasts, viruses and protozoa.

Several Gram positive and Gram negative bacteria are inhib-
ited by phenolic antioxidants, however, Gram positive bacteria

are generally more sensitive (Branen et al.,1980). t{ard and Ward

(1967 ) reported the antimicrobial effectiveness of BHT on Salmo-

nella senftenberq. Davidson eL aI. (1975) and Chang and Branen

(1975) have also reporLed inhibition of growth by BHA on some

strains of SaImoneIla tvphimurium and growth and enterotoxin pro-

duction inhibition by Staphylococcus aureus. Chang and Branen

(1975) also reported total inhibition of enteropathogenic E_. coli
growth by 400 ng/L BHA in nutrient broth at 37oC, while Davidson

and Branen (1980a) reported delayed growth of Pseudomonas fraqi
at 22"C, and total inhibition of growth at 7oC by 100 ng/L BHA.

Robach et aI. (1-977 ) f ound that 50 ng/L BHA totally inhibited
growth of Vibrio parahemolyticus in trypticase soy broth, while

in a crab meat homogenate, 400 ng/L BHA was required to totally
inhibit y. parahemolvticus. Clostridium perfringens (3 sLrains)

were found to be completely inhibited by 100 ng/T. BHÀ at 30"C

(xlindworth et aI.,1g7g). Vardaman et aI. (1978) reported that
10 ng/r' ant vÍas totally inhibiLory to Mycoplasma svnoviae iso-
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laLes in Mycoplasma media, while in in vivo studies with chick-

ens, higher concentrations of up to 400 ng/T, BHT did not have any

significant effect on the isolates.
Chang and Branen (1975) reported that in a glucose-saIts

medium, 1000 ng/L BHÄ inhibited growth and production of aflatox-
ins Br, Bz, Gl and G2 by Asperqillus parasiticus spores, while

250 ng/r. aHA, totally inhibited growth and aflatoxin production by

A. parasiticus_myceIia. Inhibition of species of Geotrichium

Penicillium and ÀÊperqillus by BHA have also been reported
(ehmad,1979). Beggs et aI. (19781, reported that t,he pathogenic

yeasts, Candida albicans and C. r)â rasiloosis were inhibited by

sub-inhibitory concentrations of antioxidants, exhibiting fungis-
tatic or fungicidal properties.

Viruses are lot excluded from the inhibitory properties of
phenolic antioxidants. Snipes et al. (1975) found that lipid-con-
taining viruses such as o 6 (a bacteriophage) and herpes simplex

vlere 50eo inactivated by 10-4 to 10-sM BHT, while non lipid-con-
taining viruses such as potiovirus were not inactivated. Wanda

et aI. (1976) atso f ound that 30 to '100 uM BHT totally inacti-
vaÈed 0 6 phage, and that the action of BHT was enhanced by t,he

presence of calcium, barium and strontium. These workers then

concluded that in the presence of BHT, the phage lost its ability
to attach to the host ceII. Bacteriophage PMZ v¡as reported to be

inhibited by BHT in the first 5 minutes of exposure, and in the

presence of 0"2 mM BHÀ, the virus was completely disrupted, caus-

ing it to release DNÀ (Cupp et al. ,1975). et aI. (1978),

reported BHT inhibition of :the lipid-containing human and murine
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eytomegaloviruses (Cuv) and Semliki Forest virus (sFv), although

vaccinia virus, vlhich arso contains lipid was not inhibited.
Surak e-L al" (1976a) reported the BHÀ-induced growth inhib-

ition of the protozoan Tet¡êÏ¡f'{nenas pyri f ormis, by 50eo and also
50eo inhibit.ion of DNA, RNA and protein syntheses within 10 min-

utes after addition of 20 ng/L BHA"

2.4 "3, Irlh:ib:!tory mecha_¡j!s$ts *of phenolic antiqxidants.
Limited studies have been reported concerning the mechanism

of microbial inhibition by phenolic antioxidants, nevertheless,

several workers have made attempts to elucidate the mechanism"

Some principles associated with the mechanisms are presented in

Table 8.

(a) I ntracel-1ular leakaoe

Some studies have shown that phenolic antioxidants react

with the cellular membrane, impairing both its function and

integrity. Vas (1953) proposed that phenols attacked the cyto-
plasmic membraner f€leasing intracellular constituents. Judis
(1963) also found that in the presence of phenolic disinfectants,
there vras a loss of 50eo of the Na-glutamate-3,4-1aC and 12e" of.

the NaHzs2POo from E. coli. Davidson (1979) reported that BHÀ

caused Ieakage of intracellular proteins from Pseudomo-

neË fluoresceqg, âs a result of membrane damage. Degre' and Syl-
vestre (1983) reported that Staphvlococcus aureus treated with

BHA (>100 ug/mL), lost UV (260 nm) absorbing material, suggesting

leakage of nucleotides. The same phenomenon was observed by

Davidson and Branen ( 1 980b) with pseudomonas fluorescens and



Table 8. Inhlblrory nechanisn of phenollc anÈloxfdants (after Raccach, 1984)

Antloxidant Mlcroorganlsn/Syeten Ef fect Reference

BIIA g 8UreU8 1. Leakage of nucleotidee.

2. Lyefe of protoplaets.

t. Intracellular leakage.

2. Changee fn cellular llplde.

Intracellular leakage.

Dfsruptlon of envelope.

InhlblÈlon of DNA, RNA and
Protefn eyntheels.

Inhlbltlon of acetaÈe
netabolfen.

I. Increaged membrance flufdfty.

2. Decrea"ud 22N" perneablllty.

DlerupElon

Depreaelon of nltochondrlal
funcÈ lon.

Inhlbftfon of RNA eynt,heafs.

Degre' and Sylveetre, 1983.

BITA Pseudomonas Davldeon and Branen, 1980b.

BBT

BIIl

BBA/TBH Q

I pyriforule Surak et al.,

I{anda et al.,

Surak et al.,
Surak, L977.

Surak, 1977.

1976b.

L976.

L976a;

Bacterlophage

T. pYrlf or¡¡1s

o6

lBBQ T pyrfformle

BHT Llpoeonee Slnger and tJan, L977.

BUl Llpoeooea

Bovlne sper¡!

Eletr et al., 1974.

llanneretedt eÈ al., I976.BHT

Rheeue nonkey
eplthellal celle

t\){

BUT Hetcalfe,1971.
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B. ffagr- exposed to 100 to 200 ng/L BHÀ. These organisms }ost TJv

(280 nm) absorbing material (suggesting intracellular leakage of
proteinaceous material) and previously incorporated 14C-labeIled

compounds, with BHA-treated p . fluorescens experiencing a higher

amount of intracellular leakage than BHA-treated E, f¡egi.
Àccording to these workers, intracellular leakage was observed

before death occurred. Surak et aI" (1976b) reported that BHT

caused disruption of the cell membrane, resulting in intracellu-
lar leakage from the cilliated protozoa, Tetrahymenas pyriformis,
while Singer and Vlan (1977) reported that BHT reduced the loss of
initially trapped 22Na by liposomes.

(b) Ef fee ts on ce1lular membrane inteqritv:
Judis ('1963) concluded that the loss of the labetled materi-

als from E. col-i was due to a weakening or destruction of the
permeability barrier of the ceIl membrane. Bernheim (1glZ) pro-
posed that phenol reacts primarily with the phospholipid compo-

nent of the ce11 membrane of Pseudomonas aeruqinosa, subseguently

causing an increase in the permeability of the cell membrane.

Phenol was later shown to cause rapid swelling of p . aeruqlnosâ

ce11s, which further substantiated this hypothesis (Bernheim,

1974). Toluene, another phenolic compound, was shown to cause

considerable cytoplasmic membrane damage in' E. coli (woldringh,

1973; De smet et aI., 1978). De smet et al, (1978) atso found

that the outer membrane of E. cori remained relativery intact.
' Phenolic antioxidants may depress the phase transition of

biological membranes. Singer and glan (1977) reported. that BHT

lowered the melting temperature (by 2o"c) of the fatty acyl
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chains of vesicles made of saturated phospholipids. Hammerstedt

eg al. (1976) made a similar observation with bovine sperm mem-

branes and BHT. Depression of the phase transition t,emperature

expands the "fluid" state of the membranes over a wider range of

temperature. Singer and l^lan (1977 ) suggested that it would be

necessary for a compound which was to interact with the membrane

to contain a hydroxyl group, and to be lipid soluble" BHÀ and BHT

have these two prerequisites. BHT for example, by virtue of its
hydroxyl group, would be concentrated close to the membrane-water

interface and not "buried" deep within the membrane lipid
bilayer. In this position, BHT could easily disrupt the phospho-

lipid packing, resulting in alteration of the phase transition
temperature (Singer and Wan, 1977). In reality, BHÀ in most cases

is more effecLive than BHT (Kabara, 1980), due to differences in

its chemicaL structure. BHA, with only one tertiary butyl group,

can better orient itself at the water interphase as compared to
BHT, which contains two tertiary groups (Kabara, 1980).

(c) I nteraction wit-h cellular lioids:
Phenolic antioxidants may induce changes in the cellular

Iipids of the organism. Davidson and Branen (1980b) reported that
100 ng/L BHA increased the amount of phosphatidyl glycerol and

Iowered the amount of phosphatidyl ethanolamine in P. fraqi but

not in B. f luorescens suggesting alteration in the , amount of

synthesis of these phospholipids, Ieading to a change of charge

distribution of the membrane, and thereby affecting protein-lipid
interactions or membrane alterations. The same authors also

observed that 50 ng/L BHA caused a decline in the ratio of unsa-
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turated to saturated fatty acids in B. f luor scens and an

increase of t,hat ratio in P.. f raqi. These changes in f atty acids
probably occurred in order to maintain a proper "fluid" state of

t,he cellular membrane (oavidson and Branen, 1980b).

(d) Effects on synthesis and metabolism:

Surak (1977 ) reported that TBHQ, buL not BHA inhibited the

metabolism of 1 aC-acetate in the ciliated protozoa,

!. pvriformis. Phenolic antioxidants were also found to inhibit
the synthesis of nucleic acids. BHA and TBHQ inhibited the

syntheses of DNA and RNA in T . pyriformis (Surak et aI. ,1976a;

Surak, 1977) , but did not find any effect of 20 ng/r, nlHe on the

cellular membrane of the protozoa even though both DNÀ and RNÀ

syntheses were inhibited. Metcalf (1971) reported that BHT

inhibited RNA synthesis in Rhesus monkey kidney epithelial cells,
and found a correlation beLween Iipid solubility of a range of

BHT analogues and the capacity to inhibit RNA synthesis. Cellular
metabolism was probably depressed by structural changes of the

cel-1ular membrane, resulting in decreased permeability to essen-

tial metabolÍt,es. Oleuropein, a phenolic Alycoside, was found to

cause a decrease in the ÀTP côntent of resting cells of Lactoba-

cillus plantarum, but did not have any effect on the rate of gly-
colysis (Juven et aI. ,1971).

Phenolic antioxidants have also been impticated in the

inhibition of protein and lipid synthesis. TBHQ, for instance,

decreased the incorporation of I aC-acetate into Iipids and pro-

teins of T. pvriformis and also inhibited the incorporation of
laC-amino acids into the proteins of the same organism (Surak,
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1977') " Raccach and Henningsen (1982) reported that 50 ug/mr, TBH9

slightly decreased ( 1 0-1 5e") the synthesis of staphylococcal

DNase, and t.hat 7.5 ug/mt TBHQ inhibited the synthesis of D-Iac-
tic acid more than t-lactic acid. These workers suggested that
this vtas probably the result of a greater inhibition of either
the synthesis or activity of D-Lactic acid dehydrogenase as com-

pared to L-Lactic acid dehydrogenase.

The inhibition of DNA, RNA and protein synthesis strongly
suggests that phenolic antioxidants interact with the cellu1ar
genetic material or with the enzymes responsible for the synthe-

sis of these compounds (Branen eL aI.r1980; Raccach, 1984). The

function of mitochondria vras also impaired by phenolic antioxi-
dants. BHT in bovine sperm reduced the oxidative decarboxylation

of pyruvate before entering the tricarboxylic acid cycle and thus

reduced total oxygen consumption (Hammerstedt et a_l.,1976).
(e) other effects:

Woldringh (1973) reported that treatment of E. coli cel1s

with 0.25e" toluene caused partial dissolution of the plasma mem-

brane concomitant with displacement of nuclear material towards

the cell periphery. Sgaragli et aI.(1977 ) reported that mono-

cyclic compounds with an aliphatic chain containing at least 2

carbon atoms,interact with biomembranes producíng solubilization
of proteins. Àmong the benzene derivatives tested were BHA and

BHT.

2.5. RELATIONSHIP BETT^IEEN EUGENOL AND PHENoLIc ÀNTIoxlDANTS.

The relationship between eugenol and other phenolic antioxi-
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dants as to its antimicrobial activity, has not been established"

The only link so far has been the fact that eugenol is a phenolic

compound, and seems to exert antimicrobial action through the

possession of a free hydroxyl group directly bonded to a benzene

ring (KaLayama and Nagai,1960; Figure 1). firis is also true of

BHA, BHT, TBHQ, PG and THBP, all of which have at least one

hydroxyl group bonded to the r ing. (Raccach, 1 984; Figure 1 " )

However, eugenol does not possess any butyl group [C(Cus)s] ras do

the other phenolic compounds. Another similarity is thal eugenol

is an o-methoxyphenol derivative (2-methoxyphenol") as is BHA

(4-methoxyphenol). Yet another similarity between eugenol, BHA

and BHT lies in their possession of one hydroxyl group, which

makes them up to 50eo soluble in fats and oils (r'ood Chemicals

Codex, 1972; Raccach, 1984). From the explanations regarding the

role of hydroxyl groups and their interactions with ceI1 membrane

(Singer and Wan, 197.7), it can be suggested that eugenol, by vir-
Lue of its one hydroxyl group, and lipid solubility, would act in

a similar fashion as BHA and BHT, thereby altering the surface

dipole potential of the membrane or the organization of interfa-
cial water itself.

Since eugenol, âs a food grade phenolic compound has been

confirmed to possess antimicrobial activity against a wi<le vari-
ety of microorganisms commonly found in,foods, its antimicrobial
activity and mechanism of inhibition can therefore be linked to

those of BHA, BHT and other phenolic antioxidants.
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2"6" AL FACTORS ÀFFE IBT EFFE

OF PHENOLIC ÀNTIOXTÐANTS 
"

' While the antímicrobial activity of phenolic antioxidants
has been confirmed, this property is modified by a number of fac-
tors, most of which are environmental (Branen et aL,1980; Rac-

cach , 1984') . These f actors include:

Effect of microbial -species,/strain: Phenolic antioxidants seem t,o

be more effective against Gram positive than against Gram neg-

ative bacteria (Branen et al.;1980). Thus, the latter organisms

invariably require higher amounts of phenolic antioxidants for
inhibition to be effective. These authors also cautioned that
because of the highly selective inhibitory effect of these com-

por:nds, their application in food products could lead to selec-
tion for certain microorganisms.

Effect of stressed microorganisms: Ray (1979 ) reported that
stressed cells have damage to their permeability barrier (ceIl
wa11 and cytoplasmic membrane) tt¡at renders them more susceptible

to many compounds. The author also reported that the combined

effect of stress and TBHQ on lactic acid bacteria and fungi was

synergistic.When TBHQ (10 ug/mf,) was added to non-stressed organ-

isms I a 41eo reduction in lactic acid production t¡as observed.

Stressed organisms in the absence and presence of TBHQ (10 ug/m]l)

gave 20.8 and 76.5e" reduction in lactic acid production respec*

tively, this value being higher than the sum (61.8e") of TBHQ and

stress aIone.

Effect of t n n t c antiox In

general, the antimicrobial activity of a phenolic antioxidant
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decreases vrith the increase in the degree of hindrance (Raccach,

1984) " Increasing the concentration of an antioxidant wiIl
increase its antimicrobial activity. This is especially Recessary

in food products, to overcome the antagonistic effect of certain
food components such as fats and proteins. Eubanks and Beuchart

(1982) reported that the growth of Saccharomvces cerevlslae 1n

ice cream mix containing 2eo peanut oi1, vras retarded by BHA

(200 ng/L) and TBHQ (SOO ng/ù. TBHQ was more effective than BHA,

while PG (up to 2000 ng/L) was ineffective. No explanation, how-

everr wâs given for the superiority ol TBHQ over BHA, but it was

suggested that this could be a result of a concentration effect
or that TBHQ was less affected by food components (eubanks and

Beuchart, 1982). In another study (Gailani, 1981), BHA, BHT, pG

and ÎBHQ, employed separately in concentrations up to 400 ng/r,,

faired to prorong the sherf life of refrigerated (¿oc) ground

pork. It was suggested that higher concentrations of the phenolic

antioxidant were required to achieve an extended shelf Iife.
10n f microbial c 11 n : It appears that

the antimicrobial activity of phenolic antioxidants decreases

with increased microbial challenge, (Raccach, 1984), Lhus the use

of the term, minimal inhibitory concentration (urC) becomes val-id

only when the concentration of the tested microorganism is given.

Pierson and Reddy (1982), reported that TBHQ or THBe were most

efficient in delaying toxic swelIs produced by Clostri-
dium botulinum, types À and B, with an inoculum of 8OO0'spore/g

of comminuted pork at 27oC. THBP or TBHQ s¡ere most efficient in

delaying these toxic swells with an inoculum of 1 000 and 1 0O
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spore/g, respectively, while BHA, BHT and Nordihydroguiaretic

acid (HOCe) were not as efficient as TBHQ and THBP.

Effect of pH : Klindworth et al"(1979) tested the effect of BHA

( 100 ng/L) on g. rfrin ens at pH values ranging from 5.5 to
8.5. Although BHÀ at all pH values tested showed partial inhib-
ition, the maximal inhibition occurred at the extremes. It was

concluded that the increased susceptibility was due to pH sensi-

tivity rather ttran to the BHA. Ahmad (1979), found that inhib-
ition of À. flavus by 50, 100 and 150 ng/L BHA generally

decreased when the pH varied from 4.0 to 9.0. Àt 200 ng/L BHA

however, 90-100eo inhibition vras observed at all pH values and it
!.¡as concl-uded that 200 ng/r, nne would be useful over a wider

range of pH values. More recently, Herald and Davidson (1983) in
studies with e. coli and 9. aureus, reported that there ïras an

increase in the apparent inhibitory activity by hydroxycinnamic

acids as the pH decreased from 6.0 to 5.0. Since the pKa of

these compounds has been reported to be near pH 4.5 (Ong and

Nagel , 1978), there would be a higher percentage of the undisso-

ciated acid present at lower pH levels. Frazier and Westhoff

(1978) have already shown, with other pH-dependent antimicrobial
compounds, that effectiveness increases as the percentage of

undissociated acid íncreases.

Effect of food components: Food components such as protein and

fat are known to bind and/or solubilize phenolic antioxidants.
(Cornell et Èf..,1971¡ CornelI 1979). Robach et aI. (1977 ) showed

that BHA inhibition of Vibrio parahemolvticus decreased in the

presence of Iipids in a crab-meat homogenate. The BHA concentra-
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tion needed for total {.nhibition in crab meat }ras B times higher

than that needed for total inhibition in a nutrient broth, Corn

oiI was also found to depress the antimicrobial activity of phe-

nolic antioxidants (Ahmad, 1979; Klindworth et à!.,1979; Rico-Mu-

noz and Davidson, 1983a). Two principal theories have been

advanced to explain why the presence of lipids decreases t.he

antimicrobial activity of BHA (Branen et a1.,1980). First, since

BHÀ has a non-polar character, it might migrate and solubilize in

any lipid present in the medium, making it unavailable to act on

microorganisms. Second, the antimicrobial property of BHA may be

related to its antioxidant properties; therefore if BHA is used

up in preventing autoxidation, the antimicrobial activity may

also be lost. Prindte and 9Íright (1977), proposed that when phe-

nolic antioxidants act as free radical traps, they lose a proton

or an electron, and the f ree hy'droxyl group becomes unavailabfe

for antimicrobial activity.
The presence of proteins has also been found to have an

effect on the inhibitory effectiveness of phenolic antioxidants.
Rico-Munoz and Davidson (1983a) found that concentrations of 3

and 6e" casein were required to obtain the same reduction in the

antimicrobial activity of TBHQ ( SO ng/L) and sFIe ( 3OO mg/tl ,

respectively, in the growth of S. aureus,

ca riers of nol ic ant i X1 n : In order to assure

the dispersion of phenolic antioxidants in food products, they

are usually incorporated using carriers. Nickerson and Starr
(1960) and Ayres (1960), reported that an antioxidant system made

up of BHÀ and BHT (100 ng/L each), and citric acid (SOO ng/T,)
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delayed growth of Lhe microbial flora of pork patties, attainíng
a spoilage level of 2,1x107 /g on the 1 1 th day of sLorage

(4"4-6.1oc). vlhen carriers such as propyrene glycol (100 ng/L) or

sorbitan trioleate ( 1 000 nrg/L) were introåuced into the product

with the antioxidant system, the shelf Iife (microbial aspect) of

the pattíes yras decreased by 7 days. The carriers, by facilitat-
ing t,he dispersion of the antioxidant system in the fat portion

of the meat, left only a small residue available for antimicro-
bial activity in the agueous phase.

Effect of temperature: Wanda et aI. (1976) noted the effect of

temperat,ure on BHT inactivation of bacteriophage 6. No inactiva-
tion was found when the virus was exposed to 0.03mM BHT at OoC,

however, ôt 25"C, the same concentration inactivated 99.99e" of

t,he phage in 30 minutes. A large drop in the degree of inactiva-
tion occurred when the exposure temperature was decreased from

20oC to 1 5"C; the percent survival increased from 2 to 90eo. These

workers postulated that the increased order of the lipid aIkyl
chains at Lower temperatures decreased the partitioning of BHT

into the viral membrane. Klindworth et al. (1979) reported that
all cultures of g. perfrinqens tesled, were inhibited by 150 ng/f,

BHA at 37oC. At 45oC, however, this concentration vras not always

inhibitory. !{hile the reason for this was noL cIear, the authors

theorized that the reduced inhibition was related to other exter-
nal factors such as culture age or pH of the medium.

Effect of combination of ohenoli c antioxidants with temoerature

and food additives (other than antimicrobials) :

activity of phenolic antioxidants in foods is
The antimicrobial

affected by the
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environmental Lemperature and by food additives such as carbo-

hydrates, met,al ions, eLc. (Raccach, 1984 ) , Raccach ( 1984 ) in a

study with Lhe fermentative activity of lactic acid bacteria,

reported that the reduction of the fermentation temperature from

35 to 27oC enhanced t,he antimicrobial activity of an antioxidant

system (30 vg/g meat each, of BHÀ, BHT and citric acid) against

Pedisgocc_us pe_nte€esels in Genoa sausage. Ðavidson and Bra-

nen (1980a) found that prior exposure of Pseudomonas f luorescens

to BHA increased its resistance to the lethality of the phenolic

antioxidant. Rico-Munoz and Davidson ( 1 983b) found that Ca* *

(4100 ng/L) increased the antimicrobial activity of BHA against

å. aureus. The authors explained that Ca** neutralize the neg-

ative charges on the ceIIuIar membrane, facilitating the penetra-

t,ion of BHA. It appears that the effect of calcium on phenolic

antioxidants may be concentration dependent (Raccach, 1984).
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3. MATERIALS AND METHODS.

3"1. ORGÀNT SMS AND MAINTENANCE

Two homofermentative, mesophilic, Lactobacillus spec res,

desígnated as lactose and non-Iactose fermenting, (ff' and NLF,

respectively) were supplied by A1-JaIaly (1985), after biochemi-

ca1 tests indicated an apparent absence of the enzyme lactase in
the NLFr âs a result of the organism's inability to
ferment ractose in the growth media. The organisms were origi-

nalIy isolated from an rraqi fermented meat sausage pastirma.

The organisms were maintained on All Purpose Tween (epr)

agar slants (APT, Difco) at 7"C after incubation at 30oC for
24 h. Growth on the slants vras transferred every two weeks.

3.2 
"

EUGENOL AND CLOVE POWDER.

N.Y. 
'

added

tion.

EugenoJ- v¡as obtained f rom Eastman Kodak Co", Rochester,

and was used v¡ithout f urther pur i f icat ion. Eugenol t¡as

directly into the sterile growth media, vtithout steriliza-

Ground clove powder was obtained from a local retail outlet.
In at1 cases., both the growth medium and the cloves were steri-
lized together at 15 psi for 15 min.

3.3. INTTIAL INOCULUM.

Initial inocula were prepared from their respective slant
growth in the following manner: a loopful of culture from a fresh

slant was inoculated into 100 mL of sterile APT broth (epr,Difco)
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contained in a 500 mL Erlenmeyer flask" The flask was t,hen incu-

baLed for 24 h at 30oC. Colony forming units (CFu) were deter-

mined from the resultant growth by serial dílution using 99 mL

phosphate buffer blanks (ApHe,1978) and APT agar. All plates vlere

incubated for 24 h at 30oC" Port.ions of t,he resultant growth

(initial inocùIum) were added to the Lreatment flasks such that
the final concenLration was 105CfU/mf,.

3"4" GROWTH STUDIES

3"4"1. Effect of euoenol on the rate of oH chanqe,

Two milliliters of a 24-h LF culture were added to a series

of 500 mL flasks, each containing 200 mL of APT broth and euge-

nol. ( 0, 0.02,0.03,0.04 and 0.05e" ,v/v) . The f lasks vrere incu-

bated without agitation for 10 h at 3OoC during which time 10 mL

portions were removed from each flask on an hourly basis and cen-

trifuged (6,000 * g for 20 min at 5oC). The pH of the resul-tant

supernatant were then recorded. The NLF culture was similarly
investigated using 0. O, O.03, O.06, O .Og ,O .12 and 0.15e" ,v/v eugenol.

AIl treatments were performed ín duplicate using a digital pH

meter.

3.4"2" Effect of euoenol on orowth- pH and titratable aciditv

develooment with extended incubation

One milliliter portions of a 24-h LF culture were added to

a series of 250-mL flasks, each containing 100 mL APT broth and

eugenol ( 0.0,0.03, and 0.05e" ,v/v .) Flasks were then incubated at

3OoC for 96 h. At every 24-in period, 10 mL portions from each
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f lask were removed and pH, cîlJ/mL, and titratabre acidíty (ra)

was determined" The TA was determined by taking 10 mL of the cen-

trifuged broth (6,000*9 for 20 min at soc),adding 50 mL of dis-
tilled water and titrating with 0.1N NaOH to a pH endpoint of g.-1

(¡OeC ,1975). The same procedure was followed for the NLF culture
using 0.0,0,04 r 0.08 and 0.12e",v/v eugenol. AIl treatments vrere

performed in duplicate,

3"4.3. Culture develonmentine llo enol measured bv biomass and

absorbance

One milliliter portions of a 24-h LF culture were added to a

series of 250 mL flasks conLaining 100 mL APT broth and eugenol

( 0.0,0.03 and 0.05eo ,v/v .) Flasks were then incubated at 3O oC f or

72 h. After each 24-h period, 5"0 mL portions vrere removed from

each flask and vacuum filtered (0.45 pm; MiIlipore Corp., Bed-

ford, MA) using pre-vreighed filter discs. The filter discs were

dried at 80oC for 2 h in a dessicator-oven, and then reweighed.

The difference in weight before and after filtration was used to
calculate biomass, expressed as mg/mt. Growth was also monitored

by measuring the increase in absorbance at 600 nm (Davidson and

Branen,1980a) of Lhe cultures every 24 h. Blanks were prepared

containing sterile ÀPT broth and the respective concentration of

eugenol 
"

The same

0,03,0.06,0 " 09

determinations

treatment.

procedures were used for the NLF culture using 0"0,

and O"1zeo,v/v eugenol. ÀII biomass and absorbance

are expressed as an average of two trials per
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3"4"4" Growth r)H and titratable aciditv development "

Çlpve__E_q_E_de!:

Clove powder, 0.0 to 0 " 6eo ,w/v was added to a series of

250*mL flasks each containing 100 mL APT broth. After steriliza-
tion, each flask was inoculated with 1.0 mL of a 24-h LF culture
and incubated at 3OoC for 24 h. The pH of the culture broths was

measured using a digital pH meter at 0 and 24 h. Titratable acid-
ity (te) Ì{as determined at these time periods as previously

described. Culture growth was monitored at 0 and 24 h by serial
dilution in steril-e phosphate buffer blanks and plating, using

ÀPT agar. AII plates ?¡ere incubat,ed f or 24 h at 30oC and then

enumerated. The same procedure was performed with the NLF culture
using 0.0 to 1.Leo,w/v, clove powder.

Euqenol:

The effect of eugenol on pH, growth and TA development in

the tF and NLF cultures vras performed as described for cl-ove povr-

der. The concentrations of eugenol used were; 0.0,0.02,0.03,
0.04,0.05,0.06 and 0 .O7e",v/v and 0.0, 0 .02,0.04,0. 06 r 0.08,0, 1 0,

0.12 and 0.14>o,v/v, tor the LF and NLF cultures, respectively,
Minimum inhibitory concenLration.

The minimum inhibitory
and eugenol vras determined

concentration of clove and

of 0.5 units in 24 h.

Percentaoe inhib ition of euqenol.

The results
600 nm (3.4.3. )

concentration (urC) of clove powder

by arbitrarily selecting the minimum

eugenol which only allowed 'a pH drop

from the measurement of growth by absorbance at

were used to determine the percentage inhibition
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Percentage Inhibition vras cal-culated using the
(oavidson and Branen, 1980a):

(ControI O.D. Control
(Euqenollreatment O.D. Euqenol

BIank O.

Blank O.

D

D

)

P.ï. ?t 100)
)(Control O.D. Control BIank O.D.

Control blanks were the absorbance readings at time 0 of

incubation period. Eugenol blanks vrere uninoculated flasks of

broth with the appropriate concentration of eugenol (e",v/v).

absorbance measurements were performed in duplicate and

results expressed as average values.

3 .4.5 e enol and cultur

the

APT

AIT

the

c o r n f

titratable aciditv develooment

One milliliter portions of a 24-h LF culture were added to
each of 3 * 500 mL flasks, containing 100 mL APT broth and

0.0,0.03 and 0.05%,v/v, eugenol, respectively. The inoculated

broths were incubated for 24 h at 30oC. One mL portions of the

resultant growth f rom each f lask yras t,hen re-inoculated into
fresh APT broth containing the same concentration of eugenol" The

freshly inoculated broths were incubated at 30oC for 24 h. Trans

ferring of previous growth and incubation was repeated two more

times. Growth (as CFIJ/nL) , TA (as ml O.1N NaOH used), and pH,

vrere monitored at 0, 24 ( 1 st transfer ) i 48 ( 2nd transfer ) ,
72 (3rd transfer), and 96 h (¿tfr transfer).

The same procedure vras performed for the NLF culture using

0.0, 0.04r0.08 and O.12eorv/v, eugenol. All transfers were per-

formed in duplicate and results are expressed as average values.
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3"4,6" Àdq¡osi¡e-_!liphqgphate qont.çn! of celIq qrswn in t¡e_ples
ence of eugenol.

The adenosine triphosphate (efp) content of the LF and NLF

cultures grown in the presence of eugenol was determined using a

modification of the firefty luciferase enzyme method described by

Cheer et al. (1974) and DeLuca et al. (1979). One mL portions of

24-h LF cultures grown in APT broth at 30"C, were dispensed into
a series of 250 mL flasks containing 100 mL APT brot,h and eugenol

( 0.0,0.02,0.04 and 0.06e" ,v/v) . The f inal celL concentration in
each flask r¡as 105 CFU/nLi all flasks were incubated at 3OoC" At

time intervals of 0,12,24,36 and 48 h, one mL portions of the

resultant growth was removed and pipetted directly into 10 mL

boiling Tris buf f er [rris (hydroxymethyJ- )aminomethane] trydro-

chloride, 0.02M, pH 7.7 (rnrz¡¿a) (Sigma Chemical Co.,St.Louis,MO).

Following heating (2-4 min), the mixture was allowed to cool and

analyzed for ÀTP using 1O microliter samples. À series of ftasks

containing only APT broth and eugenol were similarly treated and

analyzed in order to compensate for any eugenol-media int,erfer-
ence. The same procedure was performed for the NLF culture using

0.0,0.04,0.08 and O.12eo,v/v eugenoJ- with a f inal cefl density of

1 0 s CFU/nL.

In order to express the ÀTP content on a weight basis, 10 mL

portions of each culture treatment were removed at each time

interval and vacuum f iltered (0.45 l¡m) on preweighed 47 mm f ilter
discs" The f ilter discs vrere then dried at 80oC for 2 h and

reweighed. The difference in weight of the filter discs vras

expressed as ng/nL biomass.



. a.:

45

The ATP content of the cells vras determined using an

Integrating Photometer, Model 3000 (Saf Technology Co",San Diego,

CA) with crude firefly lantern extract (FLE-50, Sigma Chemical

Coo, St. Louis, MO). The firefly extract was used as a source of

the enzyme luciferase, and was hydrated in sterile 0.02M Tris
buffer,(pH 1.7)¡ a st,ock solution of g.34 mg lucifurus.r/rl, ïdas

then prepared and aged overnight at 7oC prior to use. Ten microl-
iter samples for ATP analysis were reacted with 0.1 mL of the

stock luciferase enzyme. The counts per minute (cpm) recorded on

the photometer display panel were converted to Ug ATP/L using a

standard calibration curve relating cpm to ug ATP/nL. All treat-
ments v¡ere analyzed in dupl icate.

The calibratíon curve (appendix Figure 1 ) r¡as constructed

using crystatline ÀTP (Sigma Chemical Co. ) serially diluted in

Tris buffer, Standard solutions of ATp (O to 12.0 pg/L), were

analyzed in the photometer, .using 10 microliter sample size and

0.1 mL lucif erase (3.34 ng/nr,) (Cheer et êf .,197Ð,

3.5. CELLULÀR LEAKAGE AND GROWTH.

3.s.1. Leakaqe and lethalitv in the Þresence of euqenol.

The LF and NLF organisms rrere each grovrn in APT broth f or

24 h in a shaker-incubator (150 rpm) at 30"C" The resultant
growth was centrif uged (6,000'tg f or 20 min at 5oC) and t,he super-

natants discarded. The resulting ce11 pellets were resuspended in

100 mL sterile 0.3 mM phosphate buffer, pH 7.2, by gentle mixing

and similarly centrifuged. The pellets were again washed and con-

centrated by centrifugation. The washed pellets were resuspended
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ín a finaL volume of 25 mL sterile phosphate buffer. À series of

250 mL Erlenmeyer flasks each containing 50 mL sterile buffer
were standardized with each washed cell suspension to yield a

final absorbance (600 nm) of 0.04 to 0.06 using a Spectronic 710

spectrophotometer (Bausch and Lomb, Rochester, NY; Davidson and

Branen,1 980b) .

Eugenol vtas then added to the standardized cel1 suspensions

such that the final concentrations (eo,v/v) ranged from 0"0 to
0.05 and 0.0 to 0.12 for the LF and NLF cell suspensionsr Í€spec-

tively. À11 cell suspensions were incubated at 30nC in a shaker-

incubator (1SO rpm). At regular time intervals, 5.0 mL portions

ïIere removed from each ceII suspension and vacuum filtered
(0.45 pm). The filtrates Ìrere then analyzed for absorbance at 260

and 280 nm. Ànalysis of filt,rates for absorbance employed blanks

composed of phosphate buffer containing the corresponding concen-

tration of eugenol. Absorbance for each filtrate (aUr) was plot-
ted with time (r), where,

Ah = Abr- Abroorrrot,

Growth of the standardized LF and NLF suspensions containing

0 . 05 and 0 . O9e" ,v/v eugenol , respect ively was moni tored at

0,3,6,9,12 and 24 h. CîU/nL were determined by serial dilution
using phosphat,e buf f er (epue,1978) i APT agar vras used as the

plating medium and incubation vras carried out at 30oC for 24 h.

3.5.2. Eugenol-induced protein leakaqe.

300c,

The LF and NLF cultures, grovrn in ÀPT broth for 24 h at

were harvested by centrifugation (6,000 /r g for 20 min at
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5oC). The cell peltets vrere then washed in sterile phosphate

buffer (0.3 ffiM, pH 7.2) and concentrated by centrifugation two

more times, The final cell pellets were each suspended in 1/4

theír original volume of phosphate buffer. One mí11i1iter por-

tions of the washed stock cell suspension was added to a series

of scren cap bottles containing 100 mL phosphate buffer with

0.0, O .02,0.04 and O. O6e" ,v/v eugenol, f or the LF treatment, and

0.0, O.04, O. OB and O.1zeo,v/v eugenol for the NLF treatment. The

f inat cell concentrat ion f or both cultures vras 10 6 CFû/nL" Alt
cul-tures vrere incubated at 30 oC on a shaker- incubator ( 1 50 rpm) .

Ten milliliter portions from each culture vrere then removed at,

0,3,6,9,12 and 24 h and vacuum filtered.(0.45 um, Millipore
Corp., Bedford, MA). In order to reduce any eugenol interference

in the protein assay, 2 mL portions of each filtrate vrere

extracted vrith 2 mL of. chloroform. (Sgaragli et af.,1977 ) One mL

portions of the resulting aqueous phase were assayed for protein

using the FoIin-Ciocalteau method described by Lowry

et al.,(1951). Phosphate buffer blanks containing only the corre-
sponding eugenol concentrations in lieu of extracted filtrate
vtere símilarly prepared and chloroform extracted. The resulting
aqueous phase \{as used as a bl'ank.

Absorbance (500 nm) values obtained from each sample were

converted to ng/nL protein by the use of a calibration curve

(Appendix Figure 2) using bovine serum albumin (Sigma Chemical

Co. ) as the standard. ÀI1 treatments were performed in duplicate;
absorbance values were determined using a Bausch and Lomb Spec-

tronic 710 spectrophotometer
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3.6 " GAS CHROMATOGRÀPHT AN ULAR FÀTTY

3 6.1. Effect of euqenol on cellular fattv acid t and comÞosi-

t ion in the LF and the NLF.

Cell preparation,

A series of triplicate 1-L flasks containing 300 mL ApT

broth and eugenor ( 0.0 ,0.02 and 0.04e" ,v/v) were inocurated wit,h a

5e" 24-h LE culture. The flasks were then incubaÈed at 30oC for
60 h in a shaker-incubator (150 rpm). At 12-h intervals of incu-
bation, 150 mL of the growth broth was removed and centrifuged aL

6,000*9 for 20 min at 5oC. The resultant pellets were suspended

in 150 mL of sterile 0.85e" saLine by gentle mixing and similarly
recentrifuge<i. The f inal pellets were resuspended in 75 mL 0.85e.

saline, frozen to -20oc and lyophitized. The lyophilized celrs
were then transferred to screw capped vials and stored at -20"c
until required for analysis. This procedure was repeated for t.he

NLF culture using 0.0,0 .02,0.04 and O. O6e" ,v/v eugenol.

Extraction an m h I 1 ds.

The fatty acids from 98 to 100 mg portions of lyophilized
samples vrere extracted according to the methods outlined by

Supelco Co.(1977) n-Dodecanoic (n-C12:0) acid (1.0 ng/lOO mg dry

cells) in hexane vras added to .each sampler âs an internal stan-
dard, prior to fatty acid extraction (Uctrida and Mogi ,1973; Her-

bert,1980 and Brondz et ar.,1983). Methyr esters were prepared by

initially saponifying each sample for 30 min at 100oC in 5 mL of

O"5N methanolic NaOH. All saponifications were performed in
20 mL Teflon-lined screw-capped tubes. The saponificates were
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al,lowed to coor and then adjusted to a pH of 2|0 with 6N Hcl and

methylated by the addition of 5 mL of 10-12e" boron trifluoride-
methanol (sfs*CHsOH) reagent at 80oC for 5 min,

The methyl esters from each sample were twice extracted

using 10 mL portions of chloroform:hexane (124 v/v) after the

addition of a few drops of saturated NaCl to enhance separation
(SupeIco Co., 1977 ).fne solvent extracts containing the fatty
acid methyl esters vtere combined in tubes. À small amount of

sodium sulfate was added to remove moisture, and evaporated Lo a

final volume of 0.2 mL under a gentle stream of nitrogen gas.

Samples were stored in Teflon-lined, screw-capped, 0.6 mL Reacti-
ViaIs at -20"C until required for gas chromatographic analysis.
Gas Iiquid chromatoqraphv

A Varian 3700 gas chromatograph fitted with a flame ioniza-
tion detector (nfp) was used to analyze the fatty acid methyl

esters. The column (.1 .83 m * 2 mm, i.d.) was packed with 10e" DEGS

(diethylene glyco1 succinate) on 80-100 Chromosorb W mesh (Chro-

matographic Specialities, BrockviIle, Ont,) and was linear temp-

erature programmed from 130 to 200oC at 2"C/min¡ the injector
port temperature was 2O0oC. Nitrogen was used as the carrier gas

at a flow rate of 20 mL/mín with a column back pressure of

23 psi. A 2 microliter sample was used and the analysis time was

35 min, sufficient to detect fatty acid methyl esters from C12 to
C22. The identity of the individual fatty acid methyl esters was

determined by comparison of their retention times with those of

purif ied methyl ester standards. (C1 220,I-c1 3,c14:0,I-C1 4,C15:0,I-
C15,C16:0, ï-C16,4-C16,C17 20,C18:0,C18 t1,C1822,C2020 and C2220¡
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poly scienee corp. ,Ni lesr IL) , The relative proportions of the

fatty acids were determined by a computing data system" (Varian

Vista CDS 401, Varian Canada Inc.,Calgary, Alberta).

3.6 "2. Effect of euqenol and cultur e transfer on cell ular fattv
acid comoosi ion and tvpe.

Cell preparat:Lq¡ .

A 1 -L frask containing 285 mL Apr broth and eugenol
(0'03e.,v/v) was inoculated with a 5eo, 24-h Lî culture, previousry
grown in APT broth at 30"c. After 24 h of incubation at 30oc, two

15 mL portions of the culture broth were removed; one portion was

inoculated into a 1-L flask containing fresh sterile ÀpT broth
(285 mL,Control-1) while the other 15 mL portion was inoculated
into another 1-L flask containing 285 mL fresh sterile ApT broth
and O.O3e" eugenol (aet-eugenol-1). These flasks were incubated at
30oc for 24 h whereupon 2-15 mL portions from the flask desig-
nated as APT-eugenol-1, were removed. One port.ion was added into
a second control (Control--2) while the other portion was added

into APT broth containing 0.03e",v/v eugenol (aer-eugenol--2).the

two frasks were then incubated at 30oc for 24 h. This procedure

was repeated three more times for a total of 5 APT broth-eugenol

transf ers. Control cul-tures vJere not transf erred.

For each transfer of the control- and eugenol cul-ture broths,
150 mL portions were removed and centrifuged at 6,000*g for
20 min at soC. The resultant pellets were resuspended in 150 mL

of sterile 0.85eo saline by gentle mixing and similarly recentri-
fuged' The final bacterial pellels were resuspended in 75 mL



0.85e" sarine, frozen to -20"c and ryophilized, The lyophitized
cells were then transferred into screw-capped vials and stored at
-20oC until required for analysis.

simirar studies using the NLF were performed using an euge-

nol concentrat ion of 0.05e" ,v/v. All studies were perf ormed in
duplicate. A schematic of the transfer procedure is presented in
Figure 2.

n and meth I tt ac ids.
The extraction and methylation of the fatty acids from the

lyophilized cerrs was carried out as previously described
(3.6.1.) and stored at -20"C in scre!{ capped Reacti-Vials until
required for GLC analysis.
Gas lioui d chromatoqraohv

GLC analysis

using t,he same

was performed

chromat,ographic
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as previously described

conditions.

The

(3.6.1")

3.6.3. Gas chromatoor aphic analvsis of the euqenoI content of
clove oowder in ÀPT broth.

Powdered cloves vrere prepared in ÀPT broth at various con-

centrations (0, 0.2, 0.3, 0.4, 0,5, 0.6, o.g, 1.0, 1.2, and

1 '4eo,w/v) and steam sterirized for 15 min at 121"c. Forlowing

cooling, 5 mL portions of the APT-clove infusion broth were each

twice extracted with 10 mL portions of chl-orof orm:hexane

(1t,4,v/v). The extracts were combined and concentrated to 0.2 mL

under a 'gentle stream of nitrogen gas. The eugenol content vras

analysed by gas chromatograph, âs described in 3.6.1. except that
the column vras linear temperature programmed from 180 to 200oC at
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Figure 2 Schematic of the transfer procedures employed on the
effect of culÈure Èransfer and eugenol on cellular
fatty acid composicion.

Nuober of .cransfers
every 24 hours
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+-- c AB)--+ 4
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Ç - control.

A - LF + o.o3z eugenol.

B - ¡rr + O.O5Z eugenol.

| - t5 oL culcure for re-inoculaclon.
¿

+-+ - 150 mL culcure for FA analysls.
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zoe/min" The injecLor port temperature was 220"c. The identity of

eugenol was determined by comparison of its retention tíme with
that of a previously determined eugenol standard. Eugenol vras

also determined from cloves added after the basal medium had been

steam sterilized.ÀI1 studies were performed in duplicate, and the

results expressed as eo €ugênol in the cÌove.

3"7 . MrcRoscoPrc oBs TION STUDIES.

3.7 "1" Ef f ect of euqenol- on cel.!_I4e!Bhqþgl¿"

Microscopic observations of LF and NLF cells grovrn in the

presence/absence of eugenol were performed using a zeiss phase

contrast photomicroscope (cart zeiss, west Germany). cells for
microscopic observation vrere cultured for 24 h, after which they

were placed on noble agar microslides (ZS ?t 75 mm) and examined

at a magnification of 1000" Photographs of the cel1s were taken

on Kodak Technical Pan film 2415 (eStan-aH Base, black and white,
I SO 1 00; Kodak Canada I nc . , Toronto, Ont. ) and the negat ives
printed on contact sheets for visual observation and comparison,
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4 RESULTS AND DISCUSSION.

4"1" Ef f ect of euqenol on the rate of _ pH_ghanq_e.

The rate of pH development by the tF and NLF cultures in ÀPT

broth containing various concentrations of eugenol (eo,v/v) at
30oC is presented in Figure 3. The initial broth pH was 6.52,
while the bacterial concentration of both microorganisms was

10scru/mr,. rncreasing concentrations of eugenor in the growLh

medium for both organisms progressivety decreased the rate of pH

development over a 10 h incubation period. This decrease in pH by

increasing concentrations of eugenol was found to be significant
(P<0.05) in both culLures (Appendix Tables 26 and 27). The con-

trols in both the LF and NLF cultures showed the fastest rate of
pH development (S.25 and 4"97 after 10 h, respectively), Eugenol

in concentrations of 0.04 to 0.05 and 0.12 to 0,15e",v/v, totally
inhibited pH development during the incubation period for the LF

and NLF cultures respectively
Although pH development was progressively diminished with

increasing eugenol concent,rations, the results did not indicate
whether Iethality or alternate metabolism was occurring. The

results indicated however, thal the NLF organism was less sensi-

tive to the effects of eugenol as compared to the LF organism, as

íllustrated by t,he higher levels of eugenol employed on the NLF

organ i sm.

4"2 Effect of euqenol on qrowth, pH and titratable acidity
development with extended incubation

Time course growth, pH and titratable acidity (te) develop-



Figure 3 Effect of eugenol on rare of
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ment studies with the LF and Nl,F cultures in APT broth containing
various concentrations of eugenol are illustrated in Figures q"

and 5", respectively. For the LF culture, both the control and

the 0.03eo eugenol treatment culture showed similar patterns of pH

and TA development,. Although maximum growth for these cultures
s¡as similar ( 60 to 80 ,k 107 ctu/m]l) at 24 h of incubation, the

0.03e" eugenol-grown culture displayed an acceferated death phase.

Maximum pH (4"6) and TA development (9.6 mL 0.1N NaOH) coincided
with logarithmic Arowth. The LF cul-ture grovrn in 0.05e" eugenol

showed only slight growth (ZC 'k 106CVU/mt) which occurred at

24 h; pH and TÂ development were minimal throughout the incuba-

tion period (5.84 and 5.5 mL .1N NaoH, respectivery) after 9G h

of incubation.

Increasing concentrations of eugenol employed with the NLF

culture also decreased the rate and extent of growth, pH and TÀ

deveropment. Eugenor employed at 0.08 and 0.12>",v/v completery

inhibited growth (go ,t 107 and 10 ,k 10 scru/mr, respectively at

24 h, and 10 * 102CrU/mf for both at 96 h). Minimal TA and pH

development occurred with the 0.12e" eugenol containing culture,
particularly after 24 h of incubation. Both the control and the

0.04e" eugenol-containing culture, however, showed similar maximum

growth at 24 h Oq to 81 't 1OzCtV/mt ), although the latter cul-
Lure displayed an accelerated death phase after 48 h. Despite

the similarities in logarithmic Arowth between the NLF control
and the 0.04% eugenol-grown culture, the rate and extent of pH

and TÀ devel.opment was dif f erent. This may indicate that in spite
of the similarities in growth rate between the control and the



Ffgure 4 Effect of eugenol on growth, pH and tltratable actdity developmenc.with
extended incubatlon by the LF.
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Figure 5 Effect of eugenol 0n growth, pH and tftratable acldlEy devel0pment L'lÈh extended fncubatfonby rhe NLF.
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relatively low eugenol-cont,aining cultures, metabolic processes

may be altered by the presence of eugenol. The concentration oË

eugenol which was insufficient to affect viable growth may affect
metabolism and end-product formation. Several phenolic compounds

such as BHA and BHT have already been shown to affect the cellu-
lar membrane of organisms (Judis, 1963; woldringh, 1973¡ De smet

et al. , 1978'). It is therefore possible that even though viable
growth was not sufficiently depressed or inhibited by relatively
lower eugenol concentrations, the activities of some membrane-

bound enzymes may have been sufficiently inhibited.
rn this investigation therefore, ít is evident that the

addition of increasing concentrations of eugenol to the growth

medium delayed or inhibited growth, pH and TA development in both

the LF and NLF cultures. It would appear also from these results
that the LF was more sensitive to eugenol. than the NLFr âs evi-
dent in the higher leveLs of eugenol emproyed on the NLF to
achieve maximum inhibition of these parameters. A1-JaIaly (1985),

also reported that the NLF culture appeared to be the least sen-

sitive to individual spices, including cloves. rt is arso possi-
bl-e that the effect of curture age wilr influence growth, pH and

TA development, since the time course accumulation of acid, and

hence decreased pH, might eventuarly become toxic to the organ-

ismso

Cult-rlre develooment bv the LF and NLF in the esence of

euoenol. meas ured bv biomass and absor nce at 600 nm.

4.3

The effect of varying concentrations of eugenol on the
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grol,¡th of the LF and NLF culLures is shown in Figur:e 6. Although

increasing concentrations of eugenol progressively decreased max-

imum biomass production, sub-Iethal concentrations of eugenol

(0.02e" f or the LF and 0.03 to 0.06eo f or the NLF) in the growth

media resulted in biomass maxima higher than those observed in

the controls. Since these increases in biomass could not be

attributed to increased growth rates (r'igures 4 and 5), it seemed

likely that sub-Iethal concentrations of eugenol increased biom-

ass production through cellular enlargement or swelling, perhaps

as a,result of ceIl membrane alteration. Bernheim (1974) reported

that phenol caused rapid swelling of Pseudomo¡as aeruqinosa

celIs, which further substantiated the hypothesis that phenolics

react primarily with the phospholipid component of the cell mem-

brane of P. aerusinosa, subsequently causing an increase in the

permeability of the ce11 membrane.

Although absorbance (600 nm) values for these cultures were

not totally in agreement with the biomass determinations (nigure

6), they do affirm previous growth study results that increasing

concentrations of eugenol cause progressive inhibition of growth

in both the LF and the NLF organisms.

4.4. Ef fect of euqenol on cel-I morpholoqv.

Phase contrast photomicrographs of LF and NLF cells grovrn in

the presence/absence of eugenol are illustrated in Figures 7 and

I respectively. Both the LF and NLF cells grovrn in the absence of

eugenol appeared as cocci or small coccobacilli (2.9 to 3.0 ¡m).
The majority of cells appeared opaque and were organized in doub-
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Figure 6 culture development of LF and NLF cells Ín the presence of
eugenol measured by biomass and absorbance at 6OOnm.
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Figure 7 Pho comic roqra p h s

for 24 h- in APT
of LF celÌs
broth.

incubated at 3OoC

Control. Bar represents 30 Um

In 0.05Z,v/v eugenoì-. Bar represents 30lrm
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Fig,ure B Photomicrographs of NLF celIs incubated at 3OoC

for 24 h. in APT broch.

Control. Bar rePresenEs 30 Um

In 0.092, v/v e.rgenol. Bar represents 30 tlm
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lets or short ehains Q to 5 cells). LF cells grovrn in ApT broth
at 30oc in the presence of 0.oseo eugenor appeared more as cocco-

bac i 11í (3 "2 to 3 .7 L¡m) . The cells were enlarged as compared to
the control, and many showed reticulated cytoplasms, indieating
the onset of lysis, The NLF cerls grolrn in Apr broth at 30oc in
the presence of 0.12e" eugenor appeared as short, prump rods (a.o

to 5"0 pm)" cell cytoprasm was reticurated, and ín some cerrs,
transparent.

These microscopic observations li¡ere consistent with some

previous reports in the Iiterature" Bernheim (1974) confirmed

that phenol caused rapid swelling of Pseudomonas aeruqinosa

cells. Toluene vras also shown to cause considerable cytoplasmic

damage in g. coli cells (woldringh, 1973i De smet et ar., 1978).

It appeared t,herefore, that eugenol caused some considerable dam-

age to the cell membrane of these organisms, resulting in altera-
tion of the morphorogy of the cerr" The gross enlargement

observed with the LF and NLF cells may also partially explain the

increased biomass previously described (4.3. ).

4. 5. r titratable a I L ent b

the NLF in clove infusion a eugenol.

Increasing concentrations of clove powder or eugenol in ApT

broth f or both the LF and l¡l,F cultures progressively decreased

growth' pH and TA development at 24 h of incubation (tables 9,

10, 11 and 12) " concentrations of eugenor in excess of o.os and

O.O8e", v/v were bactericidal for the LF and NLF cultures respec-

tivery, whire concentrations of crove in excess of 0,3 and
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o.6eo ,w/v were bacteric idal f or the tF and NLF cuf tures
respectively.

The minimum inhibitory concentration (urC) for the LF and

NLF cultures nas 0.3 and 0.seo ,w/v cLove respectively, while the

MIC f or t,he LF and NLF cultures in eugenol r{as 0.06 and 0.08e",v/v

eugenol respectively. The data presented indicated that the LF

organism was more sensitive to clove and eugenol than the NLF

culture. Assuming eugenol is the main bacteriostatic or bacteri-
cidal agent in cLoves, it would appear that ca. 10 times more of

the spice was required as compared to the pure essential oiI, in

order to attain the MIC value.

The data presented in Tables 13 and 14 show the percentage

inhibition (pi ) of both the LF and NLF organisms by eugenol

respectively. Generally, PI by eugenol increased as both eugenol

concentration increased, and as the length of incubation was pro-

longed. lt was noted that 0.06e" eugenol produced ca. t,he same PI

in the LF as 0.12e" eugenol for the NLF. This further confirmed

the higher sensitivity of the LF to eugenol as compared to the

NLF. Since both organisms were from the same genus, having simi-
Iar characteristics, it might be expected that they would also

have similar susceptibility Lo eugenol. In aII cases, however,

the NLF was less sensitive Lhan the LF to growth inhibition (as

well as pH and TÀ developmenL) by eugenol. Davidson and Branen

(1980a) suggested that the differences in susceptibility to BHA

of closely related microorganisms could be related to metabolic

or structural differences. It would therefore appear that differ-
ences in susceptibility to eugenol by the LF and t,he NLF organ-
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Table 9 Growth, pH and Èitratable acidity development by
the LF in clove infusion.

Time (h )
Cloves
(%,' / u)

0 24
CFU/mL pH TA CFU/mL pH TA

0
0.1
o.2
0. 3a
0.4
0.5
0.6

58x 105
58x 105
58x 105
58x 105
58x 105
58xl05
58x 105

6 .56
6 .54
6 .52
6.50
6 .48
6 .45
6 .42

3.4
3.6
3.8
4.0
4.3
4.6
4.8

7lxl08
46xL07
I 9x 106
38x 105
26xLO4
4 3x 102
I6x t0 I

4
4
5

5

6

6

6

69
70
32

9.4
9.2
8.4
7.r
5.0
4.9
4.9

.80

.4t

.43

.43

a Minimum inhibitory concentraÈion.



67

Tab le 10 Growth, pH and titratable acidiÈy developmenÈ by
Èhe NLF in clove infusion.

Time (h)
Cloves

(7",' / u)
0 24

CFU/mL pH TA CFU/mL pH TA

0 49x 105
49x 105
49x 105
49x i05
49x105
49x 105
49x 105
49x 105
49x 105

6 .56
6 .54
6 .48

3.4
3.7
4,2
4.5
4.7
5.0
5.4
5.8
6.1

64x l08
40x 107
2 9x 106
80x 105
64x I 05
I5 x 104
58x I03
52x102
10x101

4
4
5

5

5

6
6
6

6

15

23
T7

64
84

11 .4
10. 50.2

0.4
0.54
0.6
0.8
1.0
1.2
r.4

6 .45
6 .42

9.3
8.6
7.5
6.0
5.0
4.5
4.5

6 .40
ó. 38
6 .35
6 .33

.23

.41

.45

.45

a Minimum inhibitory concentration.
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Table ll Growth, pH
the LF in

a
rh

nd Èitratable acidity development by
e presence of eugenol.

Time h
Eugenol
(%,v / v)

0 24
CFU/rnL pH TA CFU/mL pH TA

0 52xI05
52x105
5 2x 105
52xi05
52x105
5 2x I05
52x105

6 .52
6 .52
6. 51
6. s0
6.50
6 .49
6 .48

3.8
3.8
3.8
3.9
3.9
4.0
4.1

84x 108
80x I08
64xLO7
29x I 06
26x 106
50x 103
10x l0 I

4 .53
4.71
4. 88
5 .2r
5.65
6 .37
6 .37

9

9

9

8

7

4

4

.60

.20

.00

.10

.30

.60

0
0
0
0
0
0

02
03
04

.05

.064

.07 60

a Minimum inhibitory concenÈrat ion.
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Table 12 Growth, pH and titratable acidity development by
the NLF in the presence of eugenol.

Time ( tr )
Eugeno I
("/",v / v )

0 24
CFU/mL pH TA CrU/mt pH TA

0
.02
.04
.06

58x 105
58x105
58x 105
58x105
58x 105
58x I05
58x 105
58x 105

6 .52 3.9
3.9
3.9
3.9
4.0
4.r
4.2
4.3

88x 108
63x t08
7 4xLO7
53x106
33x105
40x l04
I lx 102
43x l0 I

4
4
4
5

5

6

6

6

29
58
97

10
9

8

8
6

5

4

5

.20

.30

.60

.10

.80

.10

.00

0
0
0
0
0
0
0

0ga
IO
T2

l4

6.5
6.5
6.5
6.5
6.4
6.4
6.4

2

t
I
0
9

I
t

.34

.90

.23

.50

.50 00

a Minimum inhibitory concentration
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Table l3 PercenÈage lnhibition (PI) of the lactose
fermentor (LF) by eugenol.

Percentage Inhibitiona
Eugenol
(7", v /v)

Time (h)
0 24 48 72

Cont rol

.02

.04

.06

1. 14

23.54

80. l9

3 .29

41.15

94 .05

t1.35

73.75

98.74

aTested in APT Broth, inhibition determined at
at 600 nm. DeÈermined using:

3OoC for 3 days

PI= Control OD - Eugenol Treatment OI)

ControtoD -xloo
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Table l4 Percentage Inhibition (PI) of rhe non-lacrose
fermentor (NLF) by eugenol.

Percen ta e Inhibitiona
Eugenol
(%, v /v)

Time h
0 24 48 72

Control

.03 2.70 2.84 3.70

06 18.83 2r.79 29 .07

09 74.19 80. 96 87.31

t1 84.35 93.37 98.06

aTesred in APT BroÈh, inhibirion determined at 30 C for 3 days
at 600 nm. Determined using:

PI= Control OD - Eusenol Trea tment OD

Control OD
x 100
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isms was related to the differences in their metabolic activity.
The higher PI at 48 and 72 h observed for both cultures may

not be totally due to the effects of eugenol since the accumula-

tion of end-products of metabolism viz. lactic acid are also

known to influence growth. Ktindworth et aI. (197g), reported

that culture age played an important role in the susceptibifity
of Clostridium pelr:ErjtQge¡Ê to BHA, and concluded that young or

old cultures had increased susceptibility to BHA, the suscepti-

bility being independent of ceII number and related to the meta-

bolic rate and toxic end-product formation. These findings may

then part.ially explain the increased susceptibility of the LF

compared to the NLF. In both cases, 24-h old cultures containing

similar numbers of cells (10sCru/mr) were used in aII inhibition
tests, which minimized the effects of cel1 number. As evident in
the initial growth curves (rigures 4 and 5) for both organisms,

the LF exhibited a faster growth rate than the NLF in ÀPT broth.

The LF culture may therefore have been in a more susceptible

stage of growth when inoculated into the test medium.

Differences in the membrane structure could also be respon-

sible for the difference in sensitivity. Since the basic struc-
ture of Lactobacillus species is expected to be similar, these

differences would be subtle or minimal. Judis (1963) and Juven

É gl: (1972), reported thdt phenolic compounds act on the cyto-
plasmic membrane. The organization of proteins or tipids in the

cytoplasmic membranes of the LF and NLF could therefore confer

more or less resistance to the effects of eugenol.

Gas chromatographic analysis of the clove powder used,
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yielded a mean eugenol concentration of 16.15e", which was reduced

to 10.64e" following steam sLerilization (appendix Table 25) . This

concentration of eugenol (added after media sterilization) is
consistent with previous data (Merory,1960; Pruthi, 1980) which

reported that clove contains essential oil ranging from 15 to
20eo, of which 85 to 95e" is eugenol. It would be expected then

that one gram of ground cloves wouLd yield 0.1 5 to O " 20 g of

essential oil, of which 0.13 to 0.19 g is eugenol. In this study,

16.15"-" eugenol content f or clove f alls within t.hís range " Since

most essential- oils of spices are obtained by either steam or

water distillation, or a combination of both (Pruthi, 1980), and

considering that distillation often employs high temperatures,

which will result in the loss of volatile materials, some loss of

eugenol in the total yield of the essential oiI fraction was

expected. Therefore, steam sterilization of the ÀPT broth-cIove

system (clove infusion) would reduce the volatile or essentiaL

oi1 content of cloves (which is known to contain a relatively
high level of volatile oil) by heat degradation and/or volatili-
zation. It is probable that this reduction in essential oil con-

tent decreased the antimícrobial activity of ground cloves.

4.6. Effect of eugenol and culture transfer on qrowth pH and

titratable aciditv deveJopment.

The routine transfer and growth of the LF and NLF cultures
in fresh APT broth containing eugenol is illustrated in Figures 9

and 10 respectively. Acclimatization of both organisms through

five repeated transfers (each representing a 24 h incubation



Figure 9 Effect of eugenol and culture transfer on grovlt.h, pH and titratable aciditydevelopment by the LF.
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FÍgure 10 EffecÈ of eugenol and culÈure transfer on growth, pH and titratable acidlty deveropmenEby the NLF.
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period) into ÀPT both containing eugenor was not observed. A

gradual loss of cell viability with a concomitant decrease in pH

and TA development was observed throughout the 96 h transfer
period in both organisms. Since the initial cell populat,ion from

each subsequent transfer decreased with a corresponding decrease

in maximum growth, it is also highly improbable that any individ-
uaI wild cells underwent acclimatization.

4.7 . Adenosine triohosohate c c)n tent of LF and NLF cells qrown in

t-he nresence of euoenol

The adenosine triphosphate (etp) content of the LF and NLF

cells grown in the presence of various concentrations (e"rv/v) of

eugenol is presented in Figure -11. Increasing the concenLrations

of eugenol. generally resulted in smaller leveIs of cellular ATP

at each time interval- for both organisms. CelL cultures showed

maximum accumulation of ÀTP at 24 h. The LF and NLF cultures
grown in 0.02 and 0.04eo eugenol respectively, showed simiLar lev-
eIs of cellular ÀTP accumulation with their respective controls,
particularly during the first 24 h of cultivation. Although

smaller leve1s of ATP were accumulated in the eugenol-treated

cells as compared to the controls, ÀTP synthesis did not appear

to be completely ínhibited by eugenol. Statistical analysis indi-
cated that eugenol had a significant (P<0.05) effect on the ATP

levels of both the LF and NLF organisms (Appendix Tables 28 and

30 ) .

The results of ATP accumulation in the LF and NLF cells
agree with the findings of Juven et aI. (1972) who reported



Figure 11 Adenosine criphosphate conÈenE of LF and NLF cerls grown fn the presence ofeugenol.
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smaller Ievels of ATP in Lactobacillus Þlantarum cells treated

with oleuropein, a phenolic Alycoside in green olives. These

researchers concluded that while oleuropein did not inhibit ATp

synthesis, it did affect plasmatíc membranes with subsequent

leakage of ATP or phosphates from the bacterial ce1ls. Reduction

in the ATP content of the cell would therefore cause l-ess energy

to be available for growth and metabolism. It yras further con-

cluded that since glycolysis was not inhibited by oleuropein, it
would seem unlikely that ATP synthesis would also be inhibited,
since glycolysis appears to be the only source of energy and ÀTP

production in L. plantarum (Juven et aI., 1972).

Eugenol did not appear to inhibit ÀTP synthesis, as demon-

strated by the smaller but increasing levels of ATP in eugenol-

treated LF and NLF cells. The lower levels of ATP found in these

cells could be a consequence of a perturbing effect of eugenol on

the cellular membrane, causing a release or leakage of ÀTP or

phosphate from the ceIls, and thereby allowing less energy to be

made available for growth and metabolism. This leakage could also

be attributed to the damage of the regulatory mechanisms control-
ling the permeability of the cell membrane.

The data presented on the effect of eugenol on ATP levels in

LF and NLF cells suggest that eugenol acLs in a similar fashion

to that of other phenolic compounds and surface active substances

like oleuropein.

4.8 Leakaqe and lethalitv in the presence of euqenol.

The data presented in Figures 12 and 1 3 indicate an increase
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in UV absorbing material from the filtrates of both the LF and

NLF cells treated with eugenol for varying time. The LF culture
filtrate showed maximum absorbance at 260 nm (nigure 12), while

the NLF showed maximum absorbance at 280 nm (figure 13). CeIl
filtrates from both cultures showed a progressive increase in

absorbance at both wavelengths with increasing time of eugenol

exposure and concentration. Judis (1963), Juven et aI. (1972) and

Davidson and Branen (1980b) also reported that phenolic compounds

cause leakage of intracellular constiLuents from various bacte-

ria. Degre' and Sylvestre (1983) suggested that the increase in

absorbance at 260 nm was due to the leakage of intracellular
nucleotides, while the increase in absorbance at 280 nm was due

to Ieakage of cytoplasmic or periplasmic proteins (Davidson and

Branen, 1980b). At 24 h, the increase in Àzeo material from the

LF cells treated with 0.05e.,v/v eugenol was ca. the same as that
for NLF cells treated with 0.12e" eugenol. Both the LF and the NLF

filtrates reached a maximum absorbance of 0.22. This is consis-

tent with the difference in susceptibility of the two organisms

to eugenol as shown in growth and acid production studies. Al

Azao 11¡¡ however, NLF f iltrates with O,1zeo eugenol appeared to lose

more UV material than the LF filtrates with 0.05e" eugenol.

The LF and NLF filtrates, ât boih 260 and 280 ñflr¡ showed the

largest increase in UV absorbance within the first 3 h of expo-

sure to eugenol. This may represent an attempt by these organisms

to recover from the initial effects of eugenol. It appears that

eugenol rapidly attacks the ce11 membrane, causing disruption,
and that eugenol, being a phenolic compound, reacts wíth the cel-



Flgure 12 Leakage of W (260 nm) materlal from LF and NLF cells grorrn fn the presence of eugenol
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Figure I3 Leakage of UV (2g0 nm) marerial from LF and NLF cells grordrt fn the presence of eugenol
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lular membrane, impairing both its function and integrity, This

is consistent with previous reports on phenotic compounds causing

a weakness in the permeability barrier of the ceII membrane and

thereby cause release of intracellular componenLs (;udis, 1963i

Juven et al., 1972¡ Davidson, 1979; Davidson and Branen, 1980b;

Ðegre' and Sylvestre, 1983). However, it appears that eugenol is
not as lethal as BHÀ or BHT, when compared wit.h the investiga-

tions of Davidson and Branen (1980b), who reported lethality of

BHA within 30 min in Pseudomonas fluorescens and P. fraqi ce11s.

Nevertheless, there exists a possibility that this dífference in

susceptibility to eugenol and BHÀ is actually dependent on micro-

bial species or strain, and/or on ceII concentration, and/or on

the type and concentration of the phenol.ic compound employed.

The leakage of UV absorbable materiaL did not appear to be

directly related with the loss of celI viability (nigure 14).

Enumeration of both the LF and NLF cells treated with eugenol

( 0 . 05 and 0. 09e" ,v/v respect ively ) indicated that although the

filtrates showed considerable UV absorbable leakage material, the

ce11 count remained fairly constant and even slightly increased

during the first 12 h of exposure. The increase in UV absorbance

was therefore detected prior to any lethal eff.ects on the cells
per se, and is consistent with the findings of Davidson and Bra-

nen (1980b). The results presented in Figure 14 suggest that

lethality may be partialiy a resuLt of leakage but not vice

versa, and that lethality is not the total result of leakage.

Since leakage results from the disruption of the celI membrane,

it is possible that some membrane-bound enzymes could be affected
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Figure 14 l.ethalicy of LF and NLF cells grown in the presence of eugenol
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by phenolic compounds, which would also contribute to the death
of the organism (pavidson and Branen, 1g8ob). However, the leak=
age of intracellular materials probably does not totally account

for the ínhibitory powers of eugenol

Although viability of both the LF and the NLF ceIl cultures
was maintained during t.he period of maximum UV absorbable

material ross, the degree of injury in these cultures is not
known" cel-Is injured during the first 12 h of. eugenor exposure

may have undergone repair in the plating medium. Since the nature
and adequacy of the recovery medium is vital, Lhere exists a pos-

sibility that letharity, to a cert,ain degreer ffiây be dependent on

the recovery medium.

4"9. Euoenol-i nduced orotein Ie kaqe from LF and NLF cells.
Protein leakage from the LF and NLF cultures induced by var-

ious concentrations of eugenol is shown in Figure 15. Increasing
concentrations of eugenol (e",v/v) progressively increased protein
Ieakage; the LF ceIl filtrate (0.06øo eugenor) was analysed to
cont,ain 0.25 mg/mL proÈein at 24 h, which was substantiarly
higher than the control (0.1 mg/mL). The NLF fittrate (0.12e"

eugenol) showed 0.34 ng/nr, protein leakage at 24 h while the con-

trol filtrate contained no detectable protein.
Protein leakager âs a result of the presence of increasing

concentrations of phenoric compounds vras also reported by sgar-
agli et aÌ. (1977). These researchers found that monocyclic com-

pounds 1íke BHA and BHT caused protein solubilization, thereby

resulting in leakage of proteins from rat Iiver mitochondria-J-y-



Figure 15 Eugenol-lnduced prorein leakage from LF and NLF cells.
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sosomes suspensions. The results presented on protein leakage

suggest that eugenol exerts a perturbing action on the cellular
membrane, causíng a weakening or disruption of t.he permeability

barrier, which a]lows proteins to be released or leaked from the

cell. Protein is thus confirmed as one of the constituents

involved in intracellular leakage from the cells of both the LF

and t,he NLF organisms.

4.10. Effect of euqenol on cellular fat.ty acid composition.

The fatty acid types identified from the LF and NLF cells
grown in the presence of varying concentrations of eugenol are

presented in Tables 16 and 17. Fifteen fatty acid methyl esters

were identified in each organism (table 15; Àppendix Tables 17

and 18). Most of the fatty acid methyl esters found in the con-

trol samples of the two organisms are in agreement with the

reported fatty acids normally found in Lactobacillus species

(rhorne and Kodicek, 1962; O'Leary, 1965; Veerkamp, 1971i Uchida

and Mogi , 1973) although some reported fatty acids such as

n-C1 621 , n-C1 7 z1 , a-C1 5:0 and C1 9-cyclopropane ( lactobacilLic
acid) were not identified since standards for these fatty acids

could not be obtained. The actual- percentages of these fatty
acids were different however, from those reported in the litera-
ture,and may represent variations in the environmental growth

conditions (Davidson and Branen, 1980b). In addition, contrary to
previous investigations, which reported only trace amounts of

n-C12:0 (n-dodecenoic (lauric) acid) in Lactobacillus strains,
this fatty acid, after taking into consideration the concentra-



Table t5 Fatty acids observed in the lactic acid
spp ( lacrose (Lf) an¿ non- lacrose (NLF)

bacteria, Lactobaci I lus
fermenEors )

No. of carbon
aÈoms

Sys tema t ic
name

Common Re 1a t. ive
retentÍon
rimel(min)

name

n-C12:0
n-C 14- 0
n-Cl5:0
n-Cl6:0
n-Cl7:0
n-CI8:0
n-C20: 0
n-C22:0

n-dodecenoic
n- tetradecenoic
n-pentadecenoic
n- he xad e ceno i c
n-hepcadeconoic
n-octadecenoic
n-eicosanoic
n-docosanoic

lauric
myrisÈic

4 .39
7.78
9.84

12.58
r5.35
18 .42
24 .66
30.92

palmit.ic
margaric
s tearic
arach id ic
behen ic

n-Cl8: I
n-C18:2

9-octadecenoic
9, I2-octadecenoic

oleic
linoleic

19.76
22.22

i-Cl3:0
i-C14:0
i-Cl5:0
i-C16:0

i-so- tridecenoic
iso- tetradecenoic
iso- pentadecenoic
iso-hexadecenoic

6 .48
8.77

10. 90
13.89

a-Cl6:0 anteiso-hexadecenoic L4 .34

n
i
a

norma I
i so- b ra nched
ante iso-branched

ICh.o*"tographic
80/ 100
flow rate
detector

Chromosorb
of. 20 nL/n @\¡

Conditions z I0"A DEGS column (t.S¡rn x 2 mm, i.d. ) on
W mesh; I30o-200"C ar 2"C/mín; N2 carrier gas at

ini 23 psi. column back pressure; flarne ionization
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Table l6 Relative percentage of facry acid types in LF cells growrr
in the presence of various concentraEions of eugenoJ..

Time
(h)

Eugenol
(7, v/v)

Fattv acid tvPe (2, w/r¿)

SaÈuraÈed" Unr.ttrratedb Branchedc UId

Rat io
Saturated:
Unsatura t ed

T2

0
.02
.04

55.60
49 .7 t
50. 50

44
47
47

40
93
00

0
2.30
2.46

0 .06
0 .04

I.26
I .04
I .08

24
0

.02

.04

64 .24
43 .39
40.32

35. 7l
5t.29
55.66

0.02
3.24
3.91

0.03
0.08
0.tl

I .80
0.89
0.73

36
0

.02

.04

66.75
40.72
32.77

32.39
s3.93
6t.96

0 .80
c ?o

5.24

0.06
0. 06
0. 03

2 .06
0.76
0.53

4B
0

.02

.04

70.20
34.80
23.10

28.t9
58.52
69 .63

r.56
6.59
t.2l

0. 05
0. 09
o. 06

2.49
0 .60
0.34

60
0

.02

.04

69. 38
30. 00
13. B3

28 .43
67 .08
7 7 . LI

2.30
8.64
8.99

2.44
0.45
0. 180.07

"S.t,rr"t.d FA - Ct2:O; Cl4:O; C15:O; Cl6:O; Cl7:0; Cl8:0; C20:O and C22:0
bunrutr.,r"ted FA - C18: I and Cl8:2
cBranched FA - I-Ct3; I-Cl4; I-Cl5; I-Cl6 and A-CI6
dut - unidentified fatEy acids
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Table L7 RelaÈive percentage of fatty acid types in NLF cells growrr
in the presence of various concentratÍons of eugenol.

Fattv acid tvpe (%. w/w) Rat io
SaÈurated:
UnsaturaÈed

Time
(h)

Eugenol
(7", v /v) Saturatedt urrr.t,trr.t"db Branchedc UId

T2

0
o2
04
06

69.78
69.55
70.41
67 .32

29.90
30. l5
29.15
32.21

0 .25
o.2L
0 .38
0 .40

0.07
0 .09
0 .06
0 .05

2.34
2.3r
2.42
2.09

24

0
.02
.04
.06

72.77
72.84
68.99
63.61

26.64
26.38
27 .89
32.90

0.51
0 .80
2.99
3. 38

0 .08
0 .02
0 . t3
0.n

2.74
2.77
2.48
1.94

36

0
o2
04
06

63.78
74.27
65.42
59.50

r9.38
24.46
30.85
35.91

o .66
1.20
3.64
4 .48

r6. t8
0 .07
0 .09
0.ll

3.29
3.02
2.r2
1.66

4B

0
.02
.04
.06

80.53
74.78
59.35
54.43

18.26
23.29
35 .45
39.92

I.T2
I .86

0 .09
0.07
o .23
0 .05

4.4r
3.22
t.67
I .36

4 .97
5.60

0
02
o4
06

64.60
72.32
52. l3
47 .34

20.76
24.88
4I .59
45 .49

L .47
2.77
6.19
7 .O9

l3
0
0
0

.t7 3.43')
2.92
1.26
t .04

60
03
09
08

asaturated FA - CIZ:0; Cl4:0; C15:0; Cl6:0; Cl7:0; C18:0; C2O:O and C22:O
bur,r"a,rr"ted FA - Ct8: I and Cl8:2
cBranched FA - I-Cl3; I-Ct4; I-C15; I-C16 and A-Cl6
dur - unidentified fatty acids
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t.íon used as a,n internal standard (ucrrida and Mogi, 1973) was

relatively high in both organisms (up to 3.46e" in the LF and 2¡eo

in the NLF).

Eight saturated fatty acids were identified (nigures 16 and

17; Table 15). n-C16:0 (n-hexadecenoic (palmitic) acid) appeared

to be the dominant saturated fatty acid in both organisms, com-

prising 27 to 37eo of. total fatty acids identified; followed by

n-C14¡0 (n-t,etradecenoic (myristic) acid) in the LF (20-28e") and

n-c12:0 in the NLF (21-31e"), and n-c1g:0 (n-octadecenoic

(stearic) acid) in both organisms (6-12e"). SmaIl, but significant
amounts of n-C20:0 (n-eicosanoic (arachidic) acid) and n-C2220

(n-docosanoic (behemic ) acid) vrere also identif ied in bot,h organ-

isms; the latter fatty acids have not been previously reported to
exist in the ractobacilri. Two unsaturated fatty acids, n-c18:1
(oleic acid) and n-C1B:2 (linoleic acid) were identified, with
the former fatty acid present in the higher concentration (ca.

43>o in the LF, and 28eo in the NLF). n-c18:2 had not been previ-
ously reported in the Iiterature, but was found in lesser amounts

in the control-s. The occurrence of these previously unreported

fatty acids in Lactobacillus cannot be explained, but may be due

to the cultural- conditions employed.

Generally, increasing concentrations of eugenol appeared to

cause a significant (P<0.05) decrease in the saturated to unsatuj

rated ß/v) f atty acid ratio in both organisms (rables 16 and 17 i

Appendix Tables 30 and 31 ). Increased amounts of unsaturated

fatty acids '(n-C18:1 and n-C18:2) appeared to be synthesized in
the ,presence of eugenol, with a concomitant decrease in the
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synLheses of saturated fatty acids. Although it was expected that
the organisms, in the presence of phenolic compounds, would syn-

thesize increased amounts of saturated fatty acids in order to
maintain proper cell membrane "fIuidity" (eIetr et aI.", 1974i

Singer and t^lan , 1977) , the opposite ef f ect was f ound in the LF

and NLF organisms, compared to their respective controls. The S/U

fatty acid ratio was higher in the NLF than in the LF (tables 16

and 17). Sgaragli et al (1977 ) reported that BHA and BHT caused

structural modifications in biomembranes, ês a result of pertur-
bations of the lipid alkyl chains in the membranes. When the

lipid alkyl chains were perturbed, they were shown to lose their
ordered state and became more "fluid" (eletr e! ê1.,1974; Singer

and Wan, 1977). Davidson and Branen (1980b) reported that con-

versely to Pseudomonas fluorescens grovrn in the presence of

50 ng/L BHÀ, E. fraqi cultures groyrn in BHA showed a decrease in

S/V fatty acid ratios over the controls. This phenomenon was also

observed with the LF and NLF cultures, and suggested that these

organisms may not necessarily respond to phenolics only by syn-

thesizing increased amounts of saturated fatty acids.

Eletr et al. (1974), reported that compounds which perturb

the lipids of membranes also cause decreased activity of mem-

brane-bound enzymes. Therefore, the LF and NLF organisms may have

changed the organization of their membranes to minimize the

effect of eugenol on these enzymes. The data on fatty acid types

and composition also indicated a possible reason for the differ-
ence in susceptibility t,o eugenol between these two organisms.

Both the NLF control and treatment cultures had much higher S/U
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fatty acid ratios compared to those for the LF control and treat-
men! samples (rabres 16 and 17'). This may suggest thaL membranes

high in saturated fatty acids are more resistant Lo the initial
effects of phenolic compounds, as observed with the NLF, which

also.had higher amounts of saturated fatty acids than the LF, and

which from previous studies, showed higher resistance to eugenol.

Davidson and Branen (1980b), postulated that this phenomenon is
probably due to a higher degree of organization or packing of the

tipid alkyl chains within the membrane of such organisms.

The presence of eugenol also appeared to cause the syntheses

of some fatty acids not normally found in Lactobacillus species.

These included branched chain fatty acids ( i-C1 3:0, i -C1420,

i-C15:0, i-C16:0 and a-C16:0), âs well as two saturated, but odd-

numbered carbon fatty acids (n-C15:0 and n-C1720) (table 15; Fig-
ures 16 and 17). The occurrence of these unusual fatty acids in
the LF and NLF organisms treated with eugenol may be due to the

operation of different metabolic pathways brought about as a

result of the presence of eugenol, in an attempt to minimize

toxic ef f ects. rngram (1977 ) reported that Escherichia -Ë syn-

thesized several unusual fatty ac ids, including n-C1 5:0 and

n-C17t0, when grovrn in the presence of various organic solvents

and food addi'tives. This could also explain the occurrence of

branched-chain fatty acids in the LF and NLF organisms.

The synthesis of these unusual fatty acids in the LF and NLF

organisms could aLso be a result of the stress placed on the

organisms by eugenol, and may represent a distinctive effort or

attempt by the ceIls to maintain a homeoviscous membrane (Sine-
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skys 1974; Cronan and Gelmanr'1975) " The concentration of these

unusual fatty acids was observed to increase with increasing

eugenol concentrations, and with the Iength of incubation (nig-

ures 18 and 19), However, the presence of n-C15:0 and n-C17t0,

which are also saturated fatty acids, contributed to an increase

in the overal-l amount of saturated fatty acids found in both

organisms" The quarìtity of these unusual fatty acids in the con-

trols vrere, however, very small compared to the treatments in

both organisms. The amount of unident.ified fatty acids present in
the control vrere found to be generally higher than in the treat-
ments (tables 16 and 17), although the significance of this can-

not be established.

The,length of incubatíon at 30oC also restrlted in altered
fatty acid type and composition in both organisms, although this
was not confirmed by reports in the literature. It is quite plau-

sible, however, to expect that organisms in their maximal sta-
tionary and death phases wilI have altered fatty acid composi-

tíons, probably in response to adverse cultural and environmental

conditions. In the LF and NLF cultures, maximum growth was always

achieved at 24 h, and ext.ended incubation beyond 24 h up to 60 h

would be expected to result in decreased growth and growth rate,
due to substrate limitation and accumulation of end-products, in

this case lactic acid, which may itself inhibit growth and metab-

olism of the organisms" In both organisms, extended incubation up

to 60 h was found to significantly (P<0.05) affect the S/V rat-
ios. Incubation time, in conjunction with the effect of eugenol,

was similarly found to significantly (P<0.05) affect the S/v
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Figure 18 Effect of eugenol on toral cellular branch-chatned
fn the LF and NLF cells.
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Figure 19 Effect of eugenoÌ on total cellular saturaced odd-numbered carbon
in LF and NLF cells.
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fatty acid ratios in both the LF and NtF organisms (appendix

Tables 30 and 31 ).

4.11. Effect of culture transfer a euqenol on cellu]ar fattv
aeid e sition.

When the LF and NLF organisms vrere grovrn in 0.03 and

0,0seo rv/v eugenol respectively, and then transfered after each

24 h incubation period into fresh APT broth, with or without the

addition of the corresponding concentration of eugenol, the same

fatty acids previously identified (4.9.) were observed and quan-

titated (fables 18 and 19), When eugenol cultured LF and NtF

cells were transfered into fresh APT broth devoid of eugenol

(r'igure 2), and the transfer repeated four additional times, the

S/U fatty acid ratio in both organisms progressively increased.

In the LF organism, this ratio increased from 0.51 (1st transfer)
to 1 .21 ( Stt¡ transfer ) ; in the NLF organism, from 3.21 ( 1 st
transfer) to 7"16 (sth transfer). It thus appeared that everytime

eugenol-treated cells were transfered into a medium without euge-

nol, the ce1ls were able to recover from the initial effects of

eugenol by synthesizing more of the saturated fatty acids. As

mentioned earlier in the literature, the S/V fatty acid ratio is
expected t.o increase in the presence of phenolic compounds, and

conversely, a decrease in the absence of these compounds (Sgar-

agli et aL, 1977; Davidson and Branen, 1980b). Àgain, the oppo-

site effect was found in both test organisms.

Based on these observations, the increase in the S/U fatty
acid ratio in LF and NLF cells transferred from eugenol-based



Table I8 Effects of culture Èransfer and eugenol on the reratÍvepercentage of farEy acid types found in LF cells.

Fat acid t Ratlo
SaturaÈed:
UnsaÈurated

No of
Eransf ers

Eugenol
(2, v/v) Saturateda Unsatut"t.db Branchedc UId

.03 23.26 73.73 2.86 0.I5 0.32

I 0 33.69
27.30

65,82
68.91

0.43
3.70

o .06
0 .09

0.51
0.40.03

2 0 4T.19
26.54

58.r5
67 .59

0 .58
5. 70

0 .08
0.17

0.71
0 .39.03

3 0
.03

45.89
25.02

s3.36
67 .27

0.65
7 ,39

0.10
o .32

0 .86
0.37

4 0 50. 57
2t.93

48.52
69.43

0.81
8. 30

0 .10
o.¡a

I .04
0.32.03

5 0 54 .26
16.89

44.68
74.I7

I .00
8.49

0 .06
0 .45

T.2L
0 .2303

asaturaÈed 
FA - cr2:0; cr4:0; cr5:0; cl6:0; cr7:o; crB:0; c20-0 and c22:0bunr.arr.rted 

FA - Ct8: I and CIg:2
cBranched FA - I-C13; I-C14; I-CI5; I-Cl6 and A-Ct6
dUf - unidentlfied fattv acids

\o
\o



Table l9 Effects of culture transfer and eugenol on the relaÈ1vepercentage of fatty acid types found in NLF cells.

Fatt acid t e /" w/w Rat 1o
Saturated:
Unsaturated

No of
t rans fers

Eugenol
("/", v/v) Saturateda Unsatu."t"db Branchedc UId

.05 71 .71 27 .62 0 .60 0.07 2.50

I 0 75.83
63.74

23.62
34 .89

0 .50
t.32

0 .05
o.os.05 3.2t

r .83

2 0 8I.82
59.39

T7.77
38.57

0 .43
2 .00

0
0

04
04

4.62
1.54

.05

3 0 83. 28
54.51

16.25
42 .40

0 .44
3 .04

0 .03
0.05

5.13
r.29.05

4 0 85 .56
45.49

T4.T9
49.39

0.21
5. 10

0. 04
0.02

6 .03
0.92.05

5 0 87.66
41.04

12 .24
53 .47

0 .08
5 .47

0
0

o2
02

7.16
0.77.05

"srt.,ruc"d FA - cr2:0i c14:0; cr5:o; cr6:0; cr7:0; crg:0; c20:o and c2z:0bun""atrr.ted 
FA - CIB: l and CIB:2

cBranched 
FA - I-Cl3; I-Ct4; I-CI5; I-C16 and A-Cl6

dUt - unidenrlfied farty aclds
o
O
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media into non-eugenol mediar ffiây indicate a successful aLtempt
by the organisms to recover from the initial effects of eugenol.
It vras noted-that transfers into non-eugenol containing broths
yras carried out from Lreated ceIls, and thus, the organisms were

repeatedly subjected to the same concentrations of eugenol to
test Lheir adaptabitity to this compound. ÀIso, lhe absence of
eugenol in the culture broth enabled these organisms to multiply
and those which vrere injured to undergo repair; this may have

actuarly contributed to the increase in the s/v fatty acid rat-
ios. However, since new ceIl growth apparently occurred from the
initial eugenol-treated ce11s, and sufficiently recovered from

the effects of eugenol, it wourd appear that a ringering effect
of eugenol on the organisms existed. This would contribute Lo a
slower growth rate of the ce1ls in the untreated broth. AIso, the
concentrations of eugenol used (0.03 and 0.05e, for the LF and NLF

respectively) were not totally inhibitory towards the growth of
these organisms, therefore some recovery wourd be expected to
occur.

With successive transfer of these organisms into fresh euge-

nol-based media (nigure 2), the s/u fatty acid ratio decreased;

this ratio was again higher in the NLF organism than in t,he LF

organism (tables 18 and 19). This again may indicate an attempt

by these organisms to synthesize more unsaLurated instead of sat-
urated fatty acids. This phenomenon involving decreased synthesis

or occurrence of saturated fatty acids vras again contrary to pre-

vious investigations by Eletr et êf,., (1974) and Singer and Wan

(1977). However, altered fatty acid compositions in both organ-
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isms is consistent with the fit.erature (rngram, 1gr7 t singer and

lrlan, 1977; Davidson and Branen, 198Ob).

À difference in the amount of unusual fatty acids (branched

and odd-number carbon) was also observed in these t,ransfer cul-
tures" Transfer of LF and NLF cultures from eugenol-based media

to non-eugenol based media resulted in a decrease in the amount

of unusual fatty acids in the NLF (rab1e 19) and an increase in
the LF (rable 18) as the number of transfers was increased (up to
the sth transfer). According to previous findings in this study,
a decrease in the amount of these fatty acids in non-treated NLF

cultures was expected, however, the reason for the increase in
unusual fatty acids in the LF cannot be adequately explained. The

probability exisLs that the amount of unusual fatty acids may be

a result of differences existing in their cell membranes, which

in turn influenced their susceptibility to eugenol. Transfers
from eugenol-based media to fresh eugenol-based media resulted in
increased leveIs of unusual fatty acids in both organisms as

transfers were continued (tables 18 and 19), while the amount of
unidentified fatty acids appeared to increase in the LF, but
remained more or ress constant in the NLF organism. rt is sug-
gested that. interconversion of fatty acids might be occurring to
compensaLe for the lov¡er amounts of saturaLed fatty acids. The

significance of these unusual fatty acids in the regulation of
metabolism in the lactic acid bacteria is yet to be established.

overalr, it appeared that when eugenor-treated LF and NLF

cells were transfered into fresh medium devoid of eugenol, the

organisms adjusted or altered their fatty acid compositions to,
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at least, near normal levels" This may indicate an attempt by the

organisms to recover from the initial effects of eugenol" Trans-

fer of eugenol-treated celIs to a corresponding eugenol*based

medium appeared not to result in any adaptability of the organ-

isms to eugenol, ât least as f ar as the organization of t.heir

cellular membranes is concerned.
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6. çoNCLUS_IONE"

Although the antimicrobial effects of spices are well- docu-

mented, relatively Iittle information is available regarding

their mechanism of microbial inhibition. In this investigation,
preliminary data indicated that. eugenol, a phenolic component of

cfoves, exhibit.ed antimicrobial properties similarly described

for BHÀ and BHT. C1early, as with other antimicrobials, the con-

centration of the active compound in relation to the bacterial
load and its environment were important in determining target
sites. The leakage of protein and ÀTP cont.ent from eugenol-

treated cells as well as the shift of saturated to unsaturated

fatty acids indicates, at least in part, that cell membranes are

a target site" Growth, pH and titratable acidity development in

cultures grovrn with increasing levels of eugenol indicate varying

susceptibilities. Since to be effective, the antimicrobial agent

must be adsorbed/absorbed by the cell, it would seem plausible

that the ease for this to occur would, at least in part, be

dependent on the nature of the cell wall and/ot celt membrane. At

this particular point, there is no reason to believe that the

cell membrane is the primary target site and/or is responsible

for Iethality.
Further work is recommended to elucidate the inhibitory

mechanism of this compound, including its effect on the physiol-

ogy and metabolism of microorganisms. It is also recommended that

such future investigations be carried out with pathogenic and/or

food spoilage organisms in food systems, rather than in labora-

tory media.
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Âppcndix F'igurc,2 Sca¡rdard procein calibratio¡r curve relating, absorbance rt
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Appendix Tablc I Effect of eugenol on Èhe rate of pH change by LF cells ar
Jo"c.'

pH

Time

(h)

Err geno I ('l,v /v)
0 .02 .03 04 .05

0 6 .52

6 .34

6.l3

6.30

6 .29

6 .28

6 .26

6 .20

6. 16

5.99

5.7 5

6 .52

6.35

6. 36

6 .32

6.30

6. 30

6.29

6.28

6.24

6.16

6.10

6. s0

6.35

6 .34

6.32

6.31

6.30

6.29

6.28

b .24

6.20

6.15

6.50 6.50

6 .37

6 .36

6.35

6.34

6.33

6.32

6.32

6.32

6.3r

6.3r

6.35

2

3

4

5

6

7

3

9

6. 35

6 .34

6.32

6.3r

6.30

6.29

6.28

6 .27

t0 6.27
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Appt'ndix Table 2 Effecc
at 300c

of eugenol on Èhe rate of pH change by NLF cclls

H

I lme

(h)
Errgenol (7.,v/v)

0 .03 06 09 .12 .15

0 6.51

6. 39

6 .38

6 .37

6 .32

6. 30

6. t0

5. 85

5.58

5.35

4.97

ó.5t

6 .39

6 .38

6 .37

6 .36

6.33

6.28

6. r5

6.00

5.84

5.53

6.5r

6.40

6 .40

6 .39

6. 38

6. 35

6. 30

6. rB

6 .08

5.95

5.79

6.50

6 .40

6 .40

6 .39

6.38

6. 35

6.31

6 .19

6.r5

6.02

5.93

6.50

6.41

6.t10

6 .39

6 .38

6 .37

6 .36

6.35

6.35

6.35

6 .34

6 .50

6.41

6.40

6.39

6.38

6 .37

6.36

6 .36

6 .36

6.36

6.36

2

3

4

5

6

7

B

9

t0
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Appendix Table 3 Growth, pH and citracable acidiry developmcnr by
the LF in the presence of eugenol ',¡Í ch exÈended
incubation.

T ime
(h)

Eugenol
(7" , v /v)

pH Titratable AciditY
(mL 0.lN NaoH)

Gror¿t h
(CFl.J/mL)

0
0

.03

.05

6.52
6.5r
6 .50

3 .80
3 .80
3.90

65
64
65

* tol
x ro]
x I0r

24
0

.03

.05

4.60
4 .57
6.27

9.60
9.50
4.80

80x
60x
26x

t0
t0
t0

7

6

48
0

.03

.05

4.58
4.56
6.26

9.50
9.50
4.80

70x
20x
20x

t0
lo
IO

7

7

4

72
0

.03

.05

4.53
4.52
6.2r

9.40
9.¿0
4.90

90x
36x
55 x

t0
t0
t0

6
5

3

96

rì

.03

.05

4 .48
4 .45
5 .84

9.80
9.90
5.50

l6 x
l5 x
15 x

l0
l0
10

6

5
4
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Append i x Tab le 4 GrowÈh, pH

che Nl,F in
incubat ion

and
Èhe

Èitratable acidity development by
presence of eugenol wich extended

T ime
(h)

Eugeno I
(2, v/v)

pH Titrat¿rb1e
(mL 0. lN

Acidity
Na0H )

Growth
(CFU/mt)

0
0

.04

.08

.12

6 .52
6.51
6.50
6.48

3.90
3.90
4 .00
4 .20

56x
54x
56x
57x

t0
l0
l0
10

5

5

5

5

Z.l

0
.04
.08
.t2

4.30
4.99
5.90
6. 50

t0.20
8. 50
6.00
4.00

8l x
74 x
30x
l0 x

l0
t0
IO
l0

7

7

5

3

48
0

.uq

.08

.t2

4.22
4.81
6.21
6.50

11 .00
8.60
4 .90
4.00

74 x
70 x
40x
22x

IO
r0
t0
t0

1

7

4
)

72
0

. U¿r

.08

.12

4.lt
4.38
6.32
6.51

I1.70
aan
4 .40
3.90

40x
23x
30x
14x

l0
l0
t0
t0

6

5
2

2

96
0

.04

.08

.t2

4.r0
4 .29
6 .46
6.52

I I .70
r0.20
4.30
3.90

30x
37 x
l0 x
l0 x

l0
l0
l0
t0

5

4
)
)
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Appendix Table 5 culcure deveropmenc of LF cer ls i
che presence of eugenol measured
biomass and absorbance at 600 nm.

n
by

Time
(h)

Errgeno I
(7" ,v /v)

Biomass
(mglm t )

A600 nm

0 0
.02
.04
.06

0.02
0. 02
o.02
0. 02

.0ll

.0r0

. 008

.007

L.1 0
.02
.04
.06

I
t
I
0

.62

.70

.08

l.l5l
t.138

.880

.22960

.{ at 0
02
o4
06

r.65
I .60
0.84
0. 38

1.429
r.382

.84 I

.085

72 0
.02
.04
.06

I .38
I .00
o .62
0. 18

L .425
r.362

.37 4

. 0I8

.t'
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Âp¡rendix Table 6 culcure development of NLF celrs in
chc presence of eugenol measured by
biomass and absorbance at 600 nm.

'I ime
(h)

Eugeno I
(7",v /v)

tsiomass
(mg/n I)

A600 .t.

0 0
.03

0
0
0
0
0

o2
02
o2

. 014

. 0I4

. 013

.012

.0I3

.06

.09

.12
o2
02

24 0
.03
.06
.09
.12

1.56
r.9l
t.72
0. 96
0. 70

1.t47
t. I 16

.931

.296

.19t

.18 0
.03
.06
.09
.12

t .44
t.40
l. 18
0 .32
0. 28

t. 16l
1. t28

.908

.221

.077

72 0
.03
.06
.09
.12

L .32
L .22
I.0r
0. tB
0. 09

t.080
1.040

.767

.137

. 02I



Appendix Table 7 Ef.fect of eugenol and culcure transfer on growth, pH and
citratable acidity development by the LF.

CFU/ml pH TA (rnl 0. lN NaOH )Trans fe r
Numbe r

Eugeno I
("L,v / v)

Time (h)
024

Time (h) Time (h)
0 24 0 24

0
0
03
05

6 lx 105
6 lx 105
6 lx 105

88x I 08
75x 108
40x I 06

6 .52
6 .52
6.51

4 .69
4.69
5.63

3.8
3.8
3.8

9. t
9.1
5.8

t
0

03
05

88x I 06
75xI06
40x 104

28x108
35xI07
58x 105

6

6

6

52
52

4 .66
4 .66
6.00

3.8
3.8
3.8

9.7
9.7
4.9.51

2

0
.03
.05

28x I06
3 5x 105
58x 103

44x t08
40x 1 06
l8x l0 3

6 .52
6 .52
6.51

4.72
4. 90
6.33

3.8
3.8
3.8

9.0
8.2
4.5

3

0
03
05

44x 106
40x 104
l8xl0l

3 3x 108
I8x l0 5

l0x I0 I

6 .52
6 .52
6.51

4 .66
5 .20
6.4t

3.8
3.8
3.8

9

4

7

t
2

4
0
03
05

33x106
18x I0 3

l0x I0 I

6Ix108
78x 103
llxI00

6 .52
ó.5t
6.51

4.68
5 .97
6.50

3.8
3.8
3.8

o,
6.1
4.0

N)
(^)



Appendix Table 8 Effecr of eugenor and curture Èransfer
acidiry developmenr by the NLF.

on growth, pH and

CFU mI H TA (mI 0. lN NaOH
Trans fe r
Numbe r

Eu geno I
("L,v lv)

Time (h) T ime Time (h)
0 24 0 24 0 24

0
0

.04

.08

.L2

ó3x105
63x105
63x 105
63x105

84x 108
62x108
50x 105
59x104

6 .52
6.51
6.50
6 .48

4.59
4.94
5.90
6. 50

3.8
3.8
3.9
3.9

10. 0
8.7
6.8
3.9

I
0

.04

.08

.12

84x 106
62x 106
50x I03
59x 102

34x 108
7 9xIO7
64xIO2
12x10i

6 .52
6.5t
6. 50
6 .48

4. 38
4 .95
6. 38
6. 50

3.8
3.8
3.9
3.9

10. 8
8.6
4.6
3.9

2
0
04
08
L2

34x 106
79x 105
64x t 00
12 x 100

42x108
3 1x I06
50x I 00

6 .52
6.51
6. 50
6 .48

4. t2
5 .2L
6 .52
6.52

3.8
3.8
3.9
3.9

tl.6
8.0
3.8
3.8

0
04
08
L2

42xLO
3IxI0

6 38x I0
30x l0

8 6.52
6.5r
6.50
6 .49

4 .47
5 .67
6 .52
6 .52

3.8
3.8
3.9
3.9

10. 6
7.3
3.8
3.8

3 4 5

38x l0
30x l0

6 4 3x 108
28x104

4 .33
5.88
6 .52
6 .52

3.8
3.8
3.9
3.9

l1.l
6.8
3.8
3.8

4

N)
È

0

.04

.08

.L2

3
6 .52
6 .52
6.5r
6.50
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Âppendix Table 9 Adenosine Èriphosphate conÈenÈ of
the presence of eugenol.

LF cells grown in

Time
(h)

Eugeno I
("1, v /v)

Biomass
(mg/mL)

cpm vg ATP/L/ng
of cells

0

0
o2
04
06

0
o2
04
06

0
0
0
0

.02

.02
02
o2

I2

0. 95
0. 95
o .52
0.25

to.2
t 0.4
2L.T
26.6

0x
3x
3x
0x

l0
t0
t0
l0

6

6

5

5

8 .47
8.49
6.75
6.95

24

0
.02
.04
.06

t .67
1.63
1 .05
o .62

18.63 x l0
13.56 x l0
I0.45 x l0
19.16 x l0

7

7

6

5

t0.74
r0.62
8.50
6.68

36

0
.02
.04
.06

t .64
I .60
0.93
0. 56

8
7

l5

.52

.42

.85

x l0
x l0
x l0
x l0

7

7

6

5

10.4 9

10.45
8.62
7 .3039.87

48

0
.02
.04
.06

r.62
r.56
0.8r
0.41

6.85 x l0
64.73 x I0
83.38 x l0
26.56 x l0

7

6

5

5

10.43
9.84
7 .95
6.95
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Appendix Table l0 Adenosine triphosphaÈe content of NLF cells grown
in the presence of eugenol.

Time
(h)

Eugenol
(7", v /v)

Biomass
(mg/mL)

cpm Ug etY/L/ng
of cells

0

0
.04
.08
.r2

0.02
0.02
o.02
0.02

t2

0
.04
.08
.t2

r.02
1.15
0.66
0. 35

91.13 x
6l .69 x
15 .80 x
10.84 x lli

7 .95
7 .66
6.55
6 .48

24

0
.04
.08
.12

1 .68
1.78
0.99
0.69

18.33 x
16. i9 x
89.00 x
32.20 x

r01
rct-
l0:
I0)

10. 70
10.60
8.03
7.10

0
.04
.08
.t2

1.53
r.62
0.80
0.48

9.70 x
61.20 x
40.01 x
22.9L x

IO
l0
10
10

7

6

5

5

10.52
9.76

36 7 .32
6.82

0
.04
.08
.12

I.43 9.77 x
54.58 x
39.02 x
18.50 x

l0
t0
l0
l0

7

6

5
5

10.50

48
r.30
0. 53
0.26

9.66
7.30
6 .6s
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Appendix Table ll Leakage
presence

of UV material from LF cells grown in the
o f eugeno I (4269 n. and A2gO .,n ) .

At do
a

Eugenol
(7".v /v)

Time (h)

5 I 1.5 2 2.5 3 6 9 L2 24

0

.084 .099 . Ilt .r24 .133

.09r .r14 .135 .r54 .173

.002 .004

. t46 . 179

. 198 .2n
03 .032 .048 .067

.044 .058 .07505

A rnn
a

Eugeno I
(%.v /v)

Time (h)

5 I 1.5 2 2.5 3 69 L2 24

0 - .001

.005 .01 t

.008 .024

.001 .001

.0r5 .027

.034 .044

.001

. 031

.064

.002 .002 .oo2

.038 .057 .06 I

.r00 .l19 .I33

.002 .003

.064 .066

.rît .L77

.03

.05

Ab Ab
T

Ab INITIALF

where AbF = Filcrate absorbance

and Ab, = absorbance aÈ time, T.
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Appendix Table 12 Leakage of UV material from NLF cells grown in the
p..".Ã.. of eugenol (4269 n* and 4280 ...*)'

a
¡l

Eugeno I
(%.v /v)

Time (h)

s 1 1.5 2 2.5 3 6 9 t2 24

0 . 001

.052

.056

.094

.126

.001

.059

.062

.III

. 133

.002

. 071

.074

. t25

.T4L

.003

.083

.090

. r35

. r68

.003

.098

.rc2

. r5l

. r78

.003

.108

.120

.162

. r99

.005

. i19

. r33

. t83

.218

.03 .022

.03I

.040

.094

.029

.034

.047

. r05

. 039

.048

.057

. lt4

06

09

.12

Argc
a

Eugenol

(7". v /v)

Time (h)

5l 1.5 2 2.5 369 L2 24

0

.028

.038

.040

. IOI

.001

.03 r

.04 0

.080

.r20

.001

.033

.049

.116

. L27

.001

.038

.054

.L29

.144

.002

.054

.07 5

.L43

.167

.002

.069

.086

.160

. L94

.002

.08 r

.096

. 167

-2ro

.003

.093

. tr7

.185

ttl

.004

.L20

. 14l

.216

.237

.03 .022

.024

.030

.077

06

.09

.12

"oo, Ab -Ab INITIALT

r¿here Ab = FilLrate absorbance
F

= absorbance at time, T'and Ab
T
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Append ix Tab le t 3 Lechalicy of LF cells grown in
Èhe presence of eugenol'

Time

(h)
CF'U /mL

Con t rol 0.05'/",v/v Eugenol

5 50.0 x 10
5

0

3

6

9

t2

24

45.0 x l0

xl0

xl0

x l0

x I0

5 51.0 x I0 5
47.O

5 5
ó8.0 53.0 x l0

5 5
99. 0 60.0 x I0

10. 0
6 83.0 t0 5

30.5 x I0 7 30.0

X

t0
4

Appendix TabIe 14 Lechalicy of NLF cells grown in
the presence of eugenol.

Trme

(h)

CFU/mL

Control O.09z,v/v Eugenol

50.0 x l0 5 53.0 x l05
0

3

6

9

53.0 x l0 5 55.0 x I0 5

70.0 x l0 5 70.0 x 105

8t.0 x 105

94.0 x t05

44.0 x 104

93.0 x l0 5

15.0 x l06
t2

24 30.0 x t0 7
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Appendix Table l5 Eugenol-Índuced prorein leakage in rhe LF

A
Eugeno I
(7.,v /v) 0 3 9 L2

me

6 24

0

o4

.000 .000 . 001 002 004 007

02 .000 0r5 .027 044 052 . 090

.002 .026 . 051 . lo0 . t13

.06 004 038 .075 .120 . 155

Appendix Table 16 Eugenol- induced protein leakage in the NLF.

Asoo

l7r

2LI

Eugeno I
(7",v / v)

'l'rme ( h )
0 3 6 9 L2 24

0

.04

.08

.000

000

.004

.000

. 035

.133

. t64

.000

055

. 168

.000

.095

. 215

.293

000 .000

009 .020

.063 r01

T2 005 084 . t2I - 200



Appendix Table l7 Cel Iular fatcy acid spectra
incuba t Íon.

of LF cells grown in the presence of eugenol with extended

Fatt Aclds w

Sa Eurated
I ncuba Ë ion
Time (h)

Eugenol
(7", v /v) n-cl2:0 n-cl4:0 n-cl5:0 n-ct6:o n-cl7:0 n-clg:0 n-c2o:0 n-cz2zo

t2
C

.02

.04

0.79
l.l7
1.03

20 .41
8.43

1t.90

0. 06
0. I6
0.23

27 .02
32.02
31.48

0.12
0. 2l

6 .05
4.72
3 .65

0.83
1.87
I .03

0. 50
t.26
I .01

24
C

.02

.04

r.22
1.87
0. 88

27.56
8.92

I l.13

0.03
0.31
0 .42

28.10
27.46
23.25

0.02
0. 16

o.26

5.59
4.54
2.77

0.76
l. t4
0.73

0. 98
I .05
0.95

C

02
o4

I .56
2.t6
0.67

28.43
8.65
8.22

0.02
0.49
0.51

28.56
23.52
r9.63

0.08
0.22
0. 33

5

3
2

56 r.l5
I .06
0.63

l.4t
0. 6l
0. 70

36 86
.ll

48
c

.02

.04

,) l<

l.6t
0.55

28.68
6 .47
5.21

0.
0.

o2
60
80

30. 50
21.83
12.87

0.r3
0.27
0.55

6.21
3.r5
2.13

0.69
0. 36
0.53

I .67
0. 56
0.19

C

.02

.04

3 .46
0. 88
0. 3l

26.23
4.39
5.03

0.03
0.79
I .0i

31.12
18.79

4 .88

0. 16
0. 33
0.72

5

2

t

49 0.37
0. 33
0.26

2.30
0. 38
0. 38

60

(^)n - normal

.34

.29



Append ix Tab le 17 ( contd ) Cellular fatty acid spectra of LF cells grown in Èhe Pre6ence of eugenol r¡ith extended

incuba È ion .

FarÈy Actds (2, w/w)
Unsa turated Branched

Incuba t lon
Tirne (h)

Eugenol
(7, v /v) n-Cl8:1 n-Cl8:2 1-C13:0 t-Cl4:0 1-Cl5:0 I & a-Cl6:0

t2
c
02
04

43.58
47.27
46.46

0.83
0.68
0. 55

r.26
I .35

0
0

3;
48

0
0

68
64

24
c
02
04

34.94
50.34
54.72

0.78
0.96
0.97

1.62
1.76

0.03
0. 51

0.73
l.l1
r.230.22

36
c

.02

.04

3r.63
52.74
60.60

0. 78
1.19
1.37

0.29
0.27

0. 37
2.67
2.66

0.03
0.85
0.63

0
I
I

4L
68
86

48
C

.02

.04

27.30
56.87
67.58

0. 90
I .68
2.04

0.16
0.4 3

0.5r

0. 5l
3.13
2.91

0. l0
0.89
0.82

0. 78

2.t5
3.00

60
c

.02

.04

0
I
0

l8
08
98

I .03
2.56
3.28

C^J

t\)n - normal
i - lso-branched
a - anEel-so-branched

27 .7 |
61. 16
74.58

0.72
L.94
2.54

0.24
o .49
t.13

0.95
4 .53
3.62



Appendix Table I8 Cellular Iatty acid spectra of NLF cells grogrn in the presence of eugenol wiCh extended
incuba t ion .

Fatt Acids
Sa È ura ted

I ncuba c ion
Time (h)

r2

¿q

l6

48

Eu geno I
('/" , v /v)

C

.02

.04

.06

c
.02
.04
.06

2t.48
18.5r
20.6r
14. t0

24.67
27.35
24.01
r4 .08

n-Cl2:0 n-Cl4:0 n-Cl5:0 n-CI6:0 n-Cl7:0 n-CtB:0 n-C20:0 n-C22:0

C

02
04
06

C

02
04
06

0.75
0.60
0.89
r.95

0.I3
0. i4
0. 18
0.82

32. 88
36.88
37 .14
37 .72

0.08
0.08

1l .99
ll.0t
10. l0
t1.06

10.83
10. 94
I .88
9 .95

| .26
1.I0
0. 56
0.68

t.26
I .02
0.46
0. 55

0.95
t 'tl

1.34
I .40
0.87
0.82

26.6r
26.68
27.57
t6.65

r.55
0. 85
0.60
0.93

0.2t
0.24
0.40
I .20

31.21
31.80
30.31
33.49

1.14
r.22
0 .67
0.63

0. 34
0.49
l.3l

0.14
o.22
0.39

8.60
9.46
8 .86
8 .96

r. 19
l.t7
0. 39
0.33

0.88
0. 94
0.32
0.28

3 t . 52
27.75
17 .44
rt.26

3.01
2. 38
I .60
o.47

0.45
0. 5l
0.90
r .42

9 .47
8.59
8.4 I
8.67

1.24
1.33
0. l5
0. l7

I.43
| .46
I .28
o .67

0. 33 26 .71
33.43
29.89
33.53

33.97
33.43
30. 56
3r.97

0. l6
0.27

0.08
0. l9
0. 34
0. 50

28.6r

0.82
0.64

c
o2
04
06

8.18
8 .68
7.08
6.40

(^)
GJ

60

28.13
22 .57
11.66

7 .32

4.54
5 .54
2.38
0. 2B

0.r9
0.6r
1.06
1.70

33.04
29.48
31.03

0.08
0.29
0. 53
0. 68

0. 59
0./r9
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Appendi.x Table l8 (concd. ) CelluLar farry acid
incuba È ion .

spectra of NLF cells grown in t.he presence of eugenol with extended

Fattv Aclds (2. w/w)
Unsaturated Branched

I nc uba E ion
Time (h)

Eugenol
(7" , v /v) n-Cl8:1 n-CI8:2 i-CI3:0 f-Cl4:0 t-C15:0 1 & a-C16:0

t2

C

02
04
06

27 .99
28.15
26.25
29 .39

1.99
2 .00
2.91
2.82

0. t0
0.lr

08

0.27
0.22
0.23
0.39

0.
0. 06

211

c
.02
.04
.06

24.78
25.t2
24 .99
29.74

r.86
r .27
2 .93
3.I7

0. i5
0. t9
0.25

0.07
0. l9
0.95
I .09

0.05
0. 12

0.07
0. r4

0.43
0. 39
l.8l
t.94

36

c
.02
.04
.06

18.12
23.65
27.54
31.83

r.25
0.82
3.31
4.04

0. rB
0.25
0. 36

0.18
0. 37
l.r.I
1.34

0.04
0.18
0. l2
0.3r

0 .46
0.50
2.20
2.53

48

c
o2
04
06

L
o2
04

06

17.29
22.76
31.26
34.97

0.99
0. 54
4 .33
4.98

0.06
0. i9
0.36
0.53

0.23
0.4 9

t.24
1.58

0.08
0.26
0.18
0.42

0.78
0.94
3.22
3.06

60
0.83
l .59
3 .90
3 .86

(^,
Èn - normal

i - iso-branched
a - anteiso-branched

20.16
24 .46
36.38
39.93

0.6t
0. 38
5 .23
5.56

l.l1
0.29
0. 53
0.77

0.40
0.63
1.53
I .89

0. r5
0.29
0.26
0.56



Appendix Table 19 Effecc of eugenol and culture transfer on Èhe cellular fatty acid specEra of LF cells.

Fatty Acf ds (7". v/w)
Sa turat.ed

Number
of Transfer

Eugenol
(%, v /v) n-CI2:0 n-C14:0 n-Cl5:0 n-Cl6:0 n-Cl7:0 n-Cl8:0 n-C20:0 n-C22:0

.03 r.90 3.76 2.6r 3 .83 o.29 7 .19 2.90 0.79

t 0 2.34
t.76

3.39
3.36

0. 20
4.56

15.89
8. t9

9.73
6.26

I .40
2.13

0. 75
0.67.03 0.37

2
0 2.74

1.43
3.60
3.02

0,29
4.93

23.19
8.63

0.06
0.52

9.04
5.74

1.50
r.76

0.86
o.52.03

3
0 2.78

r.13
4 .39
) )'r

0.40
5.55

26.80
8.90

0.08
0.78

8 .61
4.48

I .66
1.54

l.l8
0.4 I.03

4
0 3 .12

o.7 4

4.31
t.4t

0.51
5.60

30. s6
7 .87

0. r3
0.96

8.75
3.71

1.90
t.3l

r.29
0.32.03

5
0

.03
3.04
0 .44

4 .20
r.26

0. 14
4.79

35.27
4 .89

0.07
0.95

8.51
3. i3

l .86
t.22

t.16
0 .20

l¡)(¡

n - nornal



Appendix Table t9 (contd' ) grfect of eugenol and culture transfer on the cerlular fatty acid specÈra of LF cells

Un sa Èura t ed
Farcy Acids (2. w/w)

Branched
Number
of Transfer

EugenoJ.
(Z, v/v) n-Cl8: I n-ClB:2 1-Cl3:0 t-Cl4:0 l-C15:0 i & a-Cl6:0

03 73.r9 0. 68 0. 2l 0.68 r.97

0 65
68

l4
tl

0 .68
0. 80

0.23
0. 63

0. l0
0.80

0. 16
2.03.03 0. 33

2
0 57.63

66 .52
0.52
I .04

0.14
0. 68

0. l2
l.I0

0.14
r.72

0. l7
2.37.03

3 0 53.01
65 .30

0. 35
r.97

0. r3
0. 88

0.27
1.35

0.24
2.92

0.rt
2.57.03

4 0 48.24
67 .22

0. 28
2 .2r

0. l3
0.70

0. 36
I .63

0.30
3.46

0. t3
2.85.03

5
0 44.54

7t.79
0. t4
2.38

0. l2
0. 54

0.45
2.45

0.38
3 .47

0.t2
2.4803

n - normal
i - lso-branched
a - antelso-branched L\)

crl



Appendix Table 20 Effect of eugenol and culture Èransfer on che cellular farty acid speccra of NLF cells

Fatt Ac S w w

Numbe r
of Transfer

Sa tura t ed
Eugenol
("/" , v /v) n-cl2:0 n-c14:0 n-cr5:0 n-c16:o n-cr7:0 n-ctg:0 n-c20:0 n-c22:0

05 21.44 0. 83 0. t6 35.63 0.Il 12.07 0. 59 0. 88

I 0
05

23.40
13.38

L.32
0.9 r

o .27
0. 37

35 .98
34,22

0. 08
0.55

13. t8
12.89

0.69
o .67

0.90
0.76

2
0 25.13

12.00
1 .69
0.79

0.25
0.53

38.87
31.20

0.06
0.86

13.9i
12.76.05 0.87

0. 56
I .04
0.69

3 0 25.28
t0.8t

2 .15
0. 70

0. 20
0.77

39.02
28 .47

0.03
I.t2

14.07
ll.5r.05 r .37

0.49
1.17
0.63

ta 0 27 .O2
10.84

2.46
0. 59

0. 08
r.73

38.69
20.34

0. 03
r.46

14.33
9.62.05 t.67

0. 35
r.29
0. 55

5
0

.05
27 .7 4

8.57
2.73
o .46

39.14
19.04

t4.54
8.57

1 .98
0. 2l

I .53
0.422.08

(^){
n - normal

1.70



Appendix Table 20 (contd. ) gffect of eugenol and culcure transfer on the cellular faccy acid spectra of NLF cells.

Fattv Aclds (2, w/w)
Unsaturated Branched

Number
of Transfer

Eugenol
(7., v /v) n-Ci8:1 n-Cl8:2 t-C13:0 l-C14:0 i-C15:0 i & a-Cl6:0

05 26.93 0. 70 0.27 0. t6 0.29

0 23.02
33.85

0. 60
I .04

0
0

33
43

0.22
0. 37.05 0.27 0. 30

) 0 17.12
37.0s

0. 59
| .52

0.22
0.53

0.08
0.40

0.17
0.6305 0.50

3
0 r5.75

40.0t
0.50
2.39

0. l7
0.74

0.14
0.67

0.03
0. 70

0.14
0. 98.05

4
0 13.78

45.6t
0.41
3.78

0.ll
t.14

0.03
1.58

0.03
r.06

0.08
I .34.05

5
0 r 1.83

48.90
0.40
4.57

0. 05
1.50

0.03
L.2l

0.03
r.62.05

n - normal
1 - fso-branched
a - antelso-branched

(,
@

T.2T



Appendix Table 2l tJeighr of tyophilized LF cells used in gas chromarographic
analysis of cell.rlar fatty acid compositiona.

Incubation Time
(h)

Eugenol
("L,v /v)

Weighc of dry cells
(mg )

L2 0
02
04

r00. 3

99.8
100.1

24 0
.02
.04

100. I
99.9

100. 0

36 0
.02
.04

100.0
99 .8
99.8

48 0
.02
.04

99.9
100. r
100.2

ó0 0
.02
.04

100. I
100. I
100. I

Hean tle i gh c

Standard Deviation
Total of Weighcs
Var iance

I00. 02
0.I52
1500.3
0.0216

aEffect of eugenol
bM""n of duplicate

on cellular facty acid composition
samples (^J

\o



Appendix TabLe 22 Weighr of lyophilized NLF cells
analysis of celluÌ.ar fatty acid

used in gas chromatographic
compositiona.

Incuba t ion Time
(h)

Eugeno I
("A v /v)

Weight of dry cellsb
(mg)

l2 0
.02
.04
.06

100.5
100. I
99 .6
99.9

24 0
o2
o4
06

99.9
IOO. I
I00. 2

100. 0

36 0
.02
.04
.06

100. 0
100. 0
99.8

r00.1

48 0
-02
.04
.06

100.1
100. 0
99.9
99. 9

60 0
o2
04
06

99.9
100. 3

t00.I
I00.0

Mean We ighr
Standard VariaÈ ion
Tocal of Weighrs
Va r i ance

100. 02
0. 188
2000. 4
0. 0336 Èo

aEffect of eugenol on cellular fatty acid composicion
DMean of duplicat.e samples



Appendix TabIe 23 l{eight_of lyophilized LF cells used in gas chromaÈographic
analysis of cellular faÈty acid compositiona.

Number of
lrans fe r

Euge no I
((L,v/v)

Weighc of dry cellso
(mg )

03 100. I

I 0 100. I
I00. 203

2 0 99.6
99.8.03

3 0 99.9
100. I03

4 0 r00. I
99.803

5 0 100. 3

I00. 0.03

Mean Weight
Standard DeviaÈ ion
Tocal of Weighrs
Variance

100.0
0. 205
I 100. 0
0. 038

aEffecÈ of eugenol
DMean of duplicate

and culture transfer
samples

È

on cellular fatty acid composÍÈion



Appendix TabLe 24

Number of
Trans fer

WeighÈ of lyophilized NLF cells used in gas chromaÈographic
analysis of celluLar fatty acid composiÈiona.

Eugeno I
(I,v /v)

05

0
05

0
05

0

05

0

05

99.9
100.1

100. 2

100.0

100. I
99.8

99.9
100. I

Weight of dry cellsD
(mg )

98. 9

I

1

I
2 i

3

00
00

3

4

5 0

Mean We ight
Standard Deviat ion
ToÈal of Weights
Var iance

aEffecÈ of eugenol
bMean of duplicate

.05

99.95
0.375
1099.4
0.128

and culture transfer on cellular fatty acid composiÈion
samples

È
t\)



Appendix Table 25 Gas chromatographic determination of
concentration in ground cloves.

eugeno I

Clove concentration
"L,'/u

mg Cloves/100
mL APT Broth

7. eugenol in clovesl
l.lithout
sterilization2

AfÈer
sterilization 3

0
2

3

4
5

6

8

0
2

4

I
I
I

200
300
400
500
600
800

1000
t 200
1400

16 .46
16.12
L6 .25
r6.33
t6.68
15.17
15. 12
16 .28
15.95

10. 94
10.67
10. 78
11. 18
10. 09
10. 94
t0.ll
10.67
10.39

10. 64
.37 7

broth and Èhen steam
allowed to cool at room

l'f e an
Standard DeviaÈ ion

16. t5
. 160

l1.l""n of dupl icate sarnples.
¿Ground cloves added after steam st.eril|zation of the ApT broth, and let

stand for 30 mins.
3Clorr"-infusion broth; ground

sterilized at l2loC for l5
temperature for 30 mins.

c love
mins.

add ed
ar t5

to APT

P's'i't

È
C,J
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Appendix Table 26 Ânalysis of Variance (e¡lovn) of the effect
the rate of pH change by LF cells grolrn at

of eugenol on
30oc.

Source d. f SS HS F value

Eugenol
T ime
ReP.
Eug x Time
Error
Toral

o.2241
1.004 t
0.00I8
o .4062
0. 0 I00
I .6462

0. 0560
0. I004
0. 00 I8
0. 0 I02
0. 0002

280. 00*
502.00*

9.00ns
5 I .00*

4

t0
I

40
54

r09

*
ns

significantly different at P<0.05
not significantty different at P<0.05

Appendix Table 27 Analysis of
the rate of

(eNove) of the effect of eugenol
by NLF cells grown at 30oC.

Variance
pH change

on

SS HS F valueSource d.f

Eugeno I
Time
ReP'
Eug x Time
Er ror
ToÈaI

2. L25L
5 .2654
0. 000 I
3. 3088
0. 0095

I0. 7089

0.4250
0.5265
0.0001
0.0662
0. 0002

2125.00*
2632 .50*

0.50ns
331.00*

5

t,0
I

50
65

t3l

*
ns

significantly dÍfferent at P<0.05
not signi ficant ty differenÈ at P<0.05
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AppendÍx Table 28 Analysis of Variance (nHOVe) of the effect of eugenol on
tocal ATP content of LF cel ls.

Sou rc e d.f ss MS F value

Eugeno I
Time
Re P.
Eug x Time
Error
TotaI

3

4

I
t2
l9
39

42 .5619
496 .8535

0. 000 I
15. 3s93
0.0062

554.7810

t4. t873
t24 .2r34

0.000I
| .27 99
0. 0003

47 29 L .00*
4L4044 .67*

0.33ns
4266 .33*

* significantly different at P<0.05
not sig,nificantly differenr at P<0.05ns

Appendix Tabte 29 Analysis of Variance (enOvR) of che effect of eugenol on
total ATP conrent of.NLF cells.

Source d. f SS MS F va lue

Eugeno I
Time
Rep.
Eug x Time
Error
Total

3

4
I

L2
t9
39

46. r 198
462.8088

0. 0015
17 .1692
0.0056

s26. r050

15.3733
rr5.7022

0 . 0015
t.4308
0. 0003

51244.33*
385674.00*

5.00ns
47 69 .33*

* significantly different at P<0.05
ns noc significantly different at P<0.05
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Appendix Table 30 Analysis of Variance (ANOVA) of che saturated to unsaturared
fatcy acid rario Ín the LF.

Sou rc e d. f ss MS F va lue

Eugeno I
Time
ReP.
Eug x TÍme
Error
Total

2

4

I
I

L4
29

12 .337 4

0. 0589
0. 0000 r
3.4087
0.0105

t5.8ll7

6 .1687
0.0t47
0. 0000 I
o .4261
0. 0008

7710.87*
18.38*
0.0lns

532.63*

* significantly different at P(0.05
ns not significantly different at P(0.05

Appendix Table 3l Analysis of Variance (e¡¡Ova) of the saturated to unsaturated
fatty acid ratio in the NLF.

Source d.f SS MS F va lue

Eugenol
Time
ReP.
Eug x Time
Er ror
Tota I

3

4
I

T2

t9
39

t6.886r
| .27 36
0. 0000 r
I .2424
0.0282

26 .4304

5 .6287
0.3I84
0.0000r
0. 6869
0.00r5

37 52 .47*
2L2 .27*

0.0lns
457.93*

* significantty different at P<0.05
not significantly different at P<0.05ns




