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SUMMARY

Various concentrations of either cinnamon or clove oils
and mixtures of both oils (1 : 1 v/v) were tested for
deterimination of minimum inhibitory concentrations
(MIC,s) and measuring the extinction time of both oils
concentrations of food poisioning and spoilage bacteria
(Salmonella typhimurium, Staphylococcus aureus,
Yersinia enterocolitica, enteropathogenic E. coli,
Pseudomonas aerouginosa, Proteus vulagaris and
Saccinia lutea). The results obtained showed that they
have broad spectrum activities against all tested bacteria.
Comparison of the antimicrobial activity of cinnamon,
clove oils and miaxture of both showed that the mixture
of oils were the most active against the tested
microorganisms. The effect of 0.5% cinnamon oil, 0.4%
clove oil and 0.3% mixture of both oils (1: 1 v/v) on the
behaviour of food poisoning bacteria in poultry meat
products (sausageand chickenburger) held at 25°C, 10°C,
5°C and -20°C were investigated. The results revealed
that the behaviour of all inoculated organisms in both
products were similar. It is of interest that 0.3%
combination of
cinnamon and
clove oils (1 : 1)
producted a more
pronounced effect
in inhibiting growth
of food poisoning

Table (1)

: The minimum inhibitory concentrations ( MIC,s)
and clove oils on spoilage and food-poisoning bacteria.

many people who like to eat it (World Conference on
Animal Production, 1983). Therefore, it will become
even more necessary than to-day to prevent spoilage of
meat and processed meat products (Leistner et al., 1984).

Processed meat products may at times constitute a public
health hazard either due to presence of food poisoning
or spoilage microorganisms. In this regard it is generally
accepted that many herbs and spices are known to exhibit
antimicrobial activity and influence the keeping quality of
foods to which they have been added. The preservative
action of herbs and spices in addition to widely used to
import flavour to meat products has only recently
received attention in the literature where studies
(Sharman et al., 1979; Hitokoto et al., 1980; El-Khateib
et al., 1984, 1985 and 1986; El-Khateib and Abd
El-Rahman, 1987), have been reported and showed that
bacteria and mycotoxin producing mould may be
inhibited by some herbs and spices.

Cinnamon and clove were reported to cause inhibition of
some microorganisms as aflatoxin producing mould
(Bullerman, 1974; Bullerman et al., 1977; Azzouz and
Bullerman, 1982). However, it remains unclear as to
whether oils of cinnamon and clove have any antibacterial
activity specially the food poisoning and spoilage bacteria
in meat and meat products. The study reported here
deals with the inhibitory effects of cinnamon and clove
oils on the growth and survival of food poisoning and
spoilage bacteria in vitro and poultry meat products
(Sausage and chickenburger).

of cinnamon

bacteria at all
storage
temperature.

INTRODUCTION

In all probability
the human
population will
increase drastically
world-wide in the
next decades and at
the same time food
stuffs and specially
meat will become
more scarce and
precious, because
even by using
advanced methods
in breeding,
feeding and
production of
livestock not
enough meat will
be available for the

Microorganisms Cinnamon oil Clove oil oils of cinnamon
% clove
% YA (1 2 1 v/v) %.

Salmonella typhimurium 0.4 0.2 0.1
Staph. aureus 0.45 0.45 0.3

Y. enterocolitica 0.35 0.25 Q.05
Enteropathogenic E.coli 0,12 0.29 0.06
Pseudomonas aeruginosa 0,30 0.20 0.10
Froteus vulgaris 0,20 0,20 .10

Sarcina lutea

Table (2) The extinction time of 0.5 % concentration of cinnamon and clove
oils on food poisoning and spoilage bacteria.

Cinnamon oil

Salmonella typhimurium -
Staph. aureus =
Y. enterocolitica -
Enteropathogenic E.coli +
Fseudomonas aeruginosa +
Froteus vulgaris -
Sarcina lutea -

- No growth.
+ Growth.

522




Fig :(1) Scheme for study the effect of cinnamon and clove oils

on the behavior of food-poisoning bacteria in poultry

praducts.
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Fig.(2) . Effect of 0.3% cinnamon and clove oils (1 :1 V/V ) mixt.

ure on food poisoning bacteria inoculoted into poultry

meat products , and stored at 25 c .
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MATERIAL AND METHODS

Substance tested

Two spices were chosen for this study
on the basis of their reported
antimicrobial activity or from the
results obtained from preliminary
studies. The spices used were as
follows: cinnamon (Cinnamoum
cassia) and clove (FEugenia
caryophyllus), were prepared as: 125
gm from each spices were extracted
with hexane in a continuous
extraction apparatus. The volatile
oil solution obtained was evaporated
under reduced pressure, where the
volatile solvent will be evaporated,
leaving the volatile oil.

ORGANISMS

The organisms used in this study
were (Salmonella typhimurium S 453;
Staphylococcus aureus St 35;
enteropathogenic E. coli E 75)
obtained from Federal Centre for
Meat Research, 8650 Kulmbach,
Federal Republic of Germany.
Yersinia enterocolitica E 675 serotype
0:3 was obtained from the
FoodResearch Institute, University
of Wisconsin, Madison, US. The
spoilage bacteria (Pseudomonas
aeruginosa; Proteus vulgaris and
Sarcinia lutea)were stocked in (Food
Hygiene Dept. Fac. of Vet. Med.
Assiut University, Egypt). The
cultures were maintained on slants of
nutrient agar (Merck) at 37°C for all
tested bacteria cxcept Y.



Log No cells /g,

enterocolitica (ast 25°C) and stocked at 4°C until used.
DETERMINATION OF THE MINIMUM INHIBITORY
CONCENTRATIONS (MIC,s)

The (MIC,s) of cinnamon, clove and mixtures of both oils
(1: 1 v/v) against food poisoning and spoilage bacteria
were evaluated using the agar-cup diffusion technique
(Garrod and O’Grady, 1972) :

15 ml Muller-Hinton agar was melted, sceded with the
organism under test to give a final concentration 10°-10
organisms/ml. Then poured in sterile Petri dishes (15 cm
diameter). After allowing the agar to solidify, cups were
prepared 10 mm diameter using a sterilized glass tube
and a propipette. The various dilutions of both oils (5%;
2.5%; 1.25%; 0.625% and 0.312%) separately or in
mixture were then added to the cups in appropriate
quantities in triplicate. In each case, separate cup with
pure solvent was employed as a control. The plates were
incubated for 24 h at 37°C except Y. enterocolitica which
incubated at 25°C for 24 h. After incubation, the

cinnomon & clove oil

Salmonelia typhimurium
Enteropathogenic E. coli
Y. enterocolitica

Stoph . gureus .

Control — — — somples contained mixture (1:1)

inhibition zones were measured in mm, and a curve
determining the relation between X2 and logarithm
concentration of the oil was constructed and used to
estimate the MIC,

diameter of inhibition zone - diameter of the cup
X= 2
ESTIMATION OF BACTERICIDAL ACTIVITIES
Various dilutions (5%, 2.5%, 1.25%, 0.625% and
0.312%) of both oils were inoculated by the tested
bacteria (105 - 106/ml) and incubated 48 h at 37°C for all
tested bacteria and 25°C for Y. enterocolitica. Subculture
were made from the tubes showing no growth, by
transferring a loopful from each dilution into 5 ml sterile
Brain Heart Infusion (BHI) broth. The results were
taken after incubation period of 48 h.

DETERMINATION OF THE EXTINCTION TIMES OF
0.5% CONCENTRATION OF CINNAMON AND CLOVE

OolLs

The extinction time of the specified
concentration of each oil against each
tested organism was determined as
follows: 5 ml of 0.5% concentration of
the oil was inoculated with 0.5 ml of 10°
organism/ml, Subcultures were done on
(BHI) broth tubes at 10 minutes time
intervals starting from 0 - 60 minutes.
The inoculated tubes were then
incubated at 37°C for 48 h except Y.
enterocolitica which was incubated at
25°C for 48 h.

POULTRY MEAT PRODUCTS

Two samples of poultry meat products
(raw sausage and chicken burger) were
prepared. Classified into different
groups and inoculated with food
poisoning bacteria as illustrated in Fig.
1

ENUMERATION PROCEDURE

To give 0.1 dilution, 20 gm from the
products were homogenized in a waring
blender with 180 ml sterile physiological
saline, all dilutions were examined in
duplicate for the different food
poisoning bacteria. Samples were
surface-plated on the following media:

1 - Deoxycholate hydrogen sulfide
lactose agar (DHL, Merk) for

S Salmonella typhimurium and
A enteropathoginic Escherichia coli.
3 e 2 - Baird-parker media for
:I.L v : _— Staphylococcus aureus.
0 24 48 e 3 - Cefsulodin-Trgasan Novobiocin

Time affer inoculation (Hours)

Fig.(3): Effect of 0.3 % cinnamon and clove oils (1:1 V/V)
mixture on food poisoning bacteria,inoculated into

poultry meat products, and stored at 10 ¢
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(CIN) agar, for Yersinia enterocolitica
(Lampert, 1975).

RESULTS AND DISCUSSION

The in vitro studies of the antibacterial
activities of cinnamon and clove oils
revealed that they have broad spectrum
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mentioned, showed that both oils
have bactericidal activities at
concentration not exceeding
double the (MIC).

The extension time of 0.5%
cinnamon or clove oils on food
poisoning and spoilage bacteria
were less than 10 minutes for
Salmonella typhimurium, Staph.
aureus and Yersinia enterocolitica

o) and less than 60 minutes for other
tested bacteria in both oils as
recorded in Table 2.

Poultry meat products are recently
practised in Egypt by some of

poultry factories. Processed
poultry meat such as raw sausage
and chicken-burger are recently
available. Previous studies
(El-Khateib et al., 1988) showed

L |

that the raw poultry meat products
(sausage and chicken-burger)
harbor the same bacteria and the
same pathogens as chilled poultry,
which represents the same
problems of cross-contamination
after thawing or exposure for sale.
Therefore, efforts are carried out
to lessen to some degree these
problems during preparation and
manufacture. It has been known
since ancient times that essential
oils of certain spices as cinnamon
and clove have preservative

-

ol

) 10
Time after inoculation (Days)

Fig.(4): Effect of 0.3 % cinnamon and clove olls (1:1 V/V) mixture
on food poisoning bacteria inoculated into poultry meat

products and stored at 5 c.

effects against both food poisoning and spoilage bacteria
with limited variable degrees of activities.

The minimum inhibitory concentration (MIC) of the
tested oils on food poisoning and spoilage bacteria are
listed in Table 1. The (MIC.s) of cinnamon and clove oils
on food poisoning bacteria: Salmonella typhimurium,
Staphylococcus aureus, Yersinia enterocolitica and
enteropathogenic Escherichia coli were (0.4%, 0.45%,
0.35% and 0.12%) and (0.2%, 0.45%, 0.25% and 0.25%)
respectively. While the (MIC’s) of cinnamon and clove
oils on spoilage bacteria: Pseudomonas aeruginosa and
Proteus vulgaris were (0.3% and 0.2%) and (0.2% and
0.2%) respectively. Sarcina lutea was very sensitive to
both oils. On the other hand the (MIC,s) of cinnamon
and clove oils (1 : 1, v/v) mixture on the tested food
poisoning bacteria were 0.3% for Staph. aureus, and 0.1%
for all other tested organisms previously mentioned.

Estimating the bacteriostatic and bactericidal activities
of the tested oils against all tested bacteria previously
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15 qualities. The use of 0.5%
cinnamon oil, 0.4% clove oils and
0.3% mixture of both oils (1:1, v/v)
on the behaviour of foed poisoning
bacteria (Salmonella typhimurium,
Staphylococcus aureus
enteropathogenic Escherichia coli
and Yersinia enterocolitica) which
inoculated into sausage and
chicken-burger and held at 25°C, 10°C, 5°C and -20°C
were investigated. The results revealed that the
behaviour of all inoculated organisms in both products
were parallely similar. It is of interest that combination
of cinnamon and clove oils (1:1 v/v) produced a more
pronounced effect in inhibiting growth of food poisoning
bacteria as illustrated in Fig. 2,3,4 and 5.

Concering the behaviour of food poisoning bacteria
which inoculated into poultry meat products and
contained 0.3% mixture of cinnamon and clove oils and
held at 25°C and 10°C, it is clear that the oils caused a
decrease in the count of Salmonella typhimurium,
Yersinia enterocolitica and E. coli of 1 log cycle, while the
count of Staph. aureus decreased 1.5 log cycle after 48 h
at 25°C and 72 h at 10°C as recorded in Fig. 2 and 3.

It is evident from the obtained results Fig. 4 that the
storage temperature (5°C) retarded the growth of food
poisoning bacteria except the growth of Y. enterocolitica
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by storage temperature and use
of cinnamon and clove oils. In
respect to the effect of storage
temperature on the viability and
survival of the tested food
poisoning bacteria except Y.
enterocolitica inoculated into
foodstuffs at 4°C reflects the
psychrotrophic capability of the
organism and makes it unique
among enteropathogens.

This leads to the conclusion
that the food poisoning bacteria
do not differ greatly from non
pathogens in their growth and
survival at different storage
temperature. The increasingly
effective use ofrefrigeration as
apart of meat production or use
of special additives (as spices)
which inhibit bacterial growth
indicates the possibility of used
combination of different spices
oils as antibacterial agents. The
study indicates that the
combination of cinnamon and
clove oils, if used in sufficient
amounts can be effective
inhibitors of the growth of food
poisoning bacteria, without
affecting the organoleptic
properties (odour, taste and
colour) of the final poultry meat
products.
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Fig (5): Effect of 0.3 % cinnamon and clove oils (I:1 V/V) mixture
on food poisoning bacteria inoculated into poultry meat

products , and stored at-20 ¢ -

which reflects the psychrotogrophic capability of the
organism. On the other hand, the use of oils at this
temperature leads to decrease the count of S.
typhimurium, Staph. aureus and Y. enterocolitica to 1.5,2
and 2, log cycle, respectively. But the count in case of E.
coli decreased to 1 log cycle.

Fig. 5 revealed that the counts of S. typhimurium, Staph.
aureus, Y. enterocolitica and E. coli which inoculated in
poultry meat products (control) when stored at -20°C
were decreased to (0.9, 1, 0.9 and 0.2) log cycle,
respectively. When the product contained cinnamon and
clove oils mixture (1:1v/v) and stored at this temperature,
the count for the previously food poisoning bacteria were
decreased to (2, 3, 2 and 2) log cycle, respectively.

Finally it could be concluded that the viability and
survivial of S. typhimurium, Staph. aureus, Y. entrocolitica
andE. coli inoculated into poultry meat products affected

526

30 L.B. (1982). Comparative
antimycotic effect of selected
herbs, spices, plant
components and commercial
antifungal agents. J. Food Prot.,
45,14:1298-1301.

Brown, M.H. (1982). Meat
microbiology. Applied Science
Publishers Ltd., London and

New York.

Bullerman, L.B. (1974). Inhibition of aflatoxin
production by cinnamon. J. Food Sci., 39:1163-1165.

Bullerman, L.B., Liew, F.H. and Seir, S.A. (1977).
Inhibition of growth and aflatoxin production by
cinnamon and clove oils, cinnamon aldehyde and
eugenol. J. Food Sci., 42:1107-1109.

El-Khateib, T., Schmidt, U. and Leister, L. (1984).
Hemmung von Salmonellen und Unerwunschten
Schimmelpilzen durch knoblauch bei dgyptischen
Fleicherzeugnissen. Jahresber. Bundesanst.
Fleischforsch. Kulmbach. B.R.D., 6.4,C26.

El-Khateib, T., Schmidt, U. and Leister, L. (1985).
Hemmung von Salmoneall durch Knoblauch und
Swieblen in agyptischen Hackfleisch "Kofta".




Mitteilungsblatt. Bundesanst. Lulmbach, BRD. Nr.87,
$.6293-6295.

El-Khateib, T., Schmidt, U. and Leister, L. (1986). Effect
of garlic on Salmonella in Egyptian Kofta.
Fleischwirtschaft, 66(12):1763-1764.

El-Khateib, T. and Abd El-Rahman, H. (1987). Effect of
garlic and Lactobacillus plantarum on growth of
Salmonella typbimurium in Egyptian fresh sausage and
beefburger. J. of Food Prot., 50(4):310-311.

El-Khateib, T., Abd El-Rahman, H/., Hamdy, M. and
Latfi, A. (1988). Proximal chemical composition and
microbiological quality of poultry meat products.
Fleischwirtschaft, 68(2).

Gunderson, M.F. (1962). Health and mishandling of
frozen foods. Quick Frozen Food, 24(6):89.

Garrod, L.P. and O’Grady (1972). Antibiotic and
chemotherapy. Third edd. Churchill Livingstone.
Edinburgh and London. p.480.

Hitokoto, H., Morozumi, S., Wauke, T., Sakai, S. and
Kurata, H. (1980). Inhibitory effects of spices on growth
and toxin production of toxigenic fungi. Appl. and
Environmental Microbiology, 4:818-822.

527

Lampert, L.M. (1975). Modern dairy products 3rd
edition. Chem. Publ. Co. Inc. New York, pp.227-229.

Leistner, L., Shin, HK., Hechelmann, H. and Lin, S.Y.
(1984). Microbiological and technology of chinese meat
products. Proceeding of the 30th European Meeting of
Meat Research Workers held September 9-14, 1984, at
Bristol United Kingdom.

Moustafa, M.K., El-Hateib, T. and Ahmed, A-H, A.
(1988). Development of virulent Ersinia enterocoliticoin
food at different storage temperature. J. Assiut Vet. Med.
In Press.

Rosset, R. (1982). Chilling, freezing and t!lawing. In
meat microbiology (Ed. Brown) Appl. Science Publ.
L.T.D. London and New York.

Sharman, A., Tewari, G.M., Shrikdande, A.J.,,
Padwal-Desai, S.R. and Bandyopadhyay, C. (1979).
Inhibition of Aflatoxn producing fungi by onion extract.
J. of Food Sci., 44:1545-1547.

World Conference on Animal Production (1983). New
strategies for improving Animal Production. Held
Aug.14-19, 1983 at Tokyo, Volume 1, Japanese Society of
Zootechnical Scinece, Tokyo, Japan.



