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The inhibitory effect of different chemical food preservatives (potassium metabisulphite, sodium
benzoate, citric acid, ascorbic acid and potassium sorbate) on the growth of selected food borne
pathogenic bacteria (Staphylococcus aureus, Klebsiella aerogenes, Proteus mirabilis, Pseudomonas
aeruginosa and Escherichia coli) were investigated using agar diffusion technique. The concentrations
used on test bacteria ranged from 0.125 - 1.5 mg/ml. The minimum inhibitory concentrations (MIC) of
the five preservatives were 0.5, 1.5, 1.5, 1.5 and 1.5 mg/ml for potassium metabisulphite, sodium
benzoate, citric acid, ascorbic acid and potassium sorbate, respectively. The zone of inhibition of the
test bacteria ranged from 4.0 - 21 mm. S. aureus was susceptible to all the five chemical food
preservatives. All the MIC of chemical food preservatives used against selected pathogenic bacteria
was below the acceptable daily intake (ADI) mg/kg body weight/day. The MIC of citric acid ascorbic acid
has no ADI limit in the body.

Key words: Chemical preservatives, pathogenic bacteria, minimum inhibitory concentration, acceptable daily

intake (ADI), inhibition zone.

INTRODUCTION

Food is defined as any chemical substance which when
eaten, digested and absorbed by the body, produces
energy, promotes growth and repairs the body tissues
and regulates these processes (Olunlade et al., 2010).
Foods are not only of nutritional value to those who
consume them but often are ideal culture media for
microbial growth. Chemical reactions that cause offensive
and sensory changes in foods are mediated by bacteria

that use food as a carbon and energy source. Some of
the major bacterial genera which cause food borne
infection and intoxication include Staphylococcus aureus,
Klebsiella aerogenes, Proteus mirabilis, Pseudomonas
aeruginosus and Escherichia coli e. t. c. (Pundir and Jain,
2011). Food, despite it supplies nutrients to the body; it
can also be responsible for ill health (Adams and Moss,
1999). The ill health occurs as a result of ingestion of
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food borne pathogens (Frazier and Westhoff, 2002). The
ingestion of food borne pathogen leads to food borne
diseases which are food intoxications and infections
(Frazier and Westhoff, 2002). The following micro-
organisms (S. aureus, K. aerogenes, P. mirabilis, P.
aeruginosus and E. coli etc) are normally implicated in
food borne diseases (Adeleke and Oladapo, 2010).
Based on the type of microorganisms responsible for
food borne diseases, these diseases therefore, can be
classified as being of bacterial, viral, fungal or protozoal.
These diseases cause serious problems on the health of
man. There is therefore, the need to control the growth of
pathogenic microorganisms in foods. One way by which
this is achieved is through the use of chemical preser-
vatives. These chemicals are substances of no nutritional
significance (Joshua, 2000). They are added to foods as
antimicrobial agents to preserve them from deterioration
and extend their shelf life (Jay, 2005). These chemicals
should not have toxic effect on human cells (Mahindru,
2000). It has to be economical and should not have an
effect on the taste and aroma of the original food, or any
substance in food, nor encourage the development were
of resistance strains are killed rather than inhibit micro-
organisms. Most preservatives are inhibitory at accepta-
ble level (Frazier and Weshtoff, 2002). Chemicals that
have been used in the preservation of foods are including
sodium chloride, sodium nitrate and nitrite, sodium ben-
zoate, ascorbic acid and propionic acid (Mahindru, 2000).
These chemical agents are employed to prevent micro-
bial growth in food (Prescott et al.,, 2002). Some acids
and salts especially benzoic and ascorbic acid and its
salts are effective inhibitors of microbial growth and are
intentionally added to many foods as preservatives
(Dziezak, 1986). Other acids including acetic acid, fuma-
ric acid, proponic acid and lactic acid are added to foods
to prevent or delay the growth of pathogenic bacteria
(Dziezak, 1986; Greer and Dilts, 1995; Podolak et al.,
1996).

This study investigated the inhibitory effect of some
chemical preservatives on the growth of selected food-
borne bacterial pathogens.

MATERIALS AND METHODS
Collection of chemical preservatives and clinical isolates

Five chemical preservatives were used for the experiments. These
were sodium metabisulphite, sodium benzoate, citric acid, ascorbic
acid, and potassium sorbate. They were collected from Food Tech-
nology Department, Osun State Polytechnic, Iree, Osun State while
theclinicalisolatesofS.aureus,K.aerogenes,P.mirabilis,P.aeruginosa
and E. coli were collected from Ladoke Akintola University Teaching
Hospital Complex, Oshogbo, Nigeria.

Confirmation of the identity of collected organisms

The method described by Cheesbrough (2002) was adopted to
confirm the identity of the microorganisms adequately. The isolates
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were cultured on various selective and differential media to confirm
their identity on Grams staining, motility and biochemical tests.

Preparation of different concentrations of chemical

preservatives

Five different concentrations ranging from 0.0125 to 1.5 mg/ml of
each chemical preservative were weighed and poured into the
McCartney bottles containing 10 ml of sterile distilled water. Each
concentration prepared was labeled and shaken vigorously
(Christian, 1994; Doughari, 2006).

Antibacterial screening of the chemical preservatives

The agar plate diffusion method of Nostro et al. (2000), Xavier et
al. (2003), Ajayi (2005), Omoya and Akharaiyi (2010) were used.
The medium used was nutrient agar, which supports the growth of
bacteria. Then with the aid of sterile needle and syringe pipette, 1.0
ml of each broth culture of standardized bacteria of 10° was added
into sterilized plate and about 20 ml sterile nutrient agar, which had
already cooled to 45°C + 2, was poured aseptically, mixed and
allowed to solidify. With the aid of sterile 6 mm cork borer, well were
bored on the agar surface to the edge of the plate and labelled
accordingly. Each well was then filled up with the chemical presser-
vative concentration as prepared. The prepared plate cultures were
incubated at 37°C % 2 for 24 h. Clear zones of inhibition around the
well indicated the sensitivity of the test bacteria to each of the
chemical preservatives and diameter of the clear zones of inhibition
was taken as an index of the degree of sensitivity by measuring
with caliper. The venial caliper was placed on the transparent meter
rule for proper accuracy of inhibition zone measurement (Pundir
and Jain, 2011).

RESULTS AND DISCUSSION

Food preservation implies putting microorganisms in a
hostile environment in order to cause their death. In this
study, different concentrations of different chemical food
preservatives were used to inactivate selected food borne
pathogenic bacteria by agar diffusion technique. Figures
1 to 5 show the diameter zone of inhibition mediated by
different concentrations ranging from 0.0125 to 1.5 mg/ml
of food chemical preservatives (potassium metabisul-
phite, sodium benzoate, citric acid ,ascorbic acid and
potasium sorbate) on the five test pathogenic bacteria
(S. aureus, K. aerogenes P. mirabilis, P. aeroginosa and
E. coli ). The zones of inhibition were observed around
the wells, this indicated antibacterial activities of the
chemical preservatives. Different organisms have demon-
strated different rankings for the inhibiting effects of che-
mical preservatives (Matsuda et al., 1994). The sensitivity
of the different test organisms to different concentrations
of chemical food preservatives was shown by zones of
inhibition after 24 h of incubation; this is depicted in
Figures 1 to 5. The absence of zones of inhibition around
each well signified resistance. It was observed that the
water used in preparation of these chemical preserva-
tives was used as control which did not inhibit the growth
of any of the test bacteria. The S. aureus had highest
zone of inhibition of 21 mm for potassium sorbate at the
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Figure 1. Diameter zone of inhibition (mm) mediated by different concentration
(mg/ml) of potassium metabisulphite on selected food borne pathogenic bacteria.
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Figure 2. Diameter zone of inhibition (mm) mediated by different
concentration (mg/ml) of sodium benzote on selected food borne

pathogenic bacteria.

concentration of 1.5 mg/ml. This is an indication that S.
aureus is sensitive to the chemical preservative as
reported by Nanda (2005) that any zone of inhibition
lesser than 4.0 mm is resistant, 4.0-12.0 mm are inter-
mediate while any zone of inhibition that is more than
12.0 mm is sensitive to chemical food preservatives. The
effect of potassium sorbate at various concentrations
namely: 0.0125 to 1.5 mg/ml was tested for the inhibition
of growth of the bacterial S. aureus, K. aerogenes P.
mirabilis, P. aeroginosa and E. coli assay method and the
results were summarized in Figures 1 to 5. The inhibition
zone area increased with increase in the concentration of
potassium sorbate for all the five bacterial cultures.
Among the five bacterial cultures tested, potassium
sorbate highly inhibited the growth of S. aureus by
showing 21 mm zone of inhibition followed by P. mirabilis,

(15 mm). The least zone of inhibition was seen in E. coli
(12 mm) and P. aerogenosa (13 mm) and this is in line
with the work of Jageethadevi et al. (2012) that reported
inhibition zone increased with increase in concentration
of chemical food preservatives. Then, higher concentra-
tion of chemical preservatives had greater inhibitory
power on the microbial growth (Oyawoye et al., 1999).
The zone of inhibition depends on Gram reaction of the
preservatives. Gram positives bacteria are more sensitive
than Gram negative to the chemical preservatives
(Adams and Moss, 1999). S. aureus is a Gram positive
bacteria while the rest test bacteria (K. aerogenes P.
mirabilis, P. aeroginosa and E. coli) are Gram negative.
The cell wall of Gram positive bacteria compose of
peptidoglycan which is an essential polymer and inter-
ference with its synthesis or structure leads to loss of cell
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Figure 3. Diameter zone of inhibition (mm) mediated by different
concentration (mg/ml) of citric acid on selected food borne

pathogenic bacteria.
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Figure 4. Diameter zone of inhibition (mm) mediated by different
concentration (mg/ml) of ascorbic acid on the growth of selected food

borne pathogenic bacteria.

shapes and integrity followed by bacterial death (Willey et
al., 2011). The Gram negative bacteria are known to
possess lipopolysaccharide on the outer membrane. In
terms of susceptibility to chemical preservatives, they
differ widely between the microorganisms (Mailard,
2002). The complex nature of the outer membrane of
Gram negative bacteria has been reported to act as
permeability barriers (Nikkado and Vara, 1985; Appleton

and Lange, 1994; Willey et al., 2011). The citric acid and
ascorbic acid concentration has no limit for the
acceptable daily intake in the body. While the prominent
zone of inhibition mediated by these chemical
preservatives  (potassium  metabisulphite,  sodium
benzoate and potassium sorbate) concentrations were
below the acceptable daily intake in the body (Mahindru,
2000).
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Figure 5. Diameter zone of inhibition (mm) mediated by different concentration (mg/ml) of
potassium sorbate on the growth of food borne pathogenic bacteria.
Conclusion

Food preservation implies putting microorganisms in a
hostile environment in order to inhibit their growth or
shorten their survival or cause their death. The chemical
preservatives (potassium metabisulphite, sodium ben-
zoate, citric acid ,ascorbic acid and potasium sorbate) are
effective in the control of selected pathogenic bacteria (S.
aureus, K. aerogenes P. mirabilis, P. aeroginosa and E.
coli) causing food poisoning and infection. S. aureus is
highly susceptible to all chemical preservatives used in
this study. The minimum inhibitory concentrations (MIC)
of the five preservatives were 0.5, 1.5, 1.5, 1.5 and 1.5
mg/ml for potassium metabisulphite, sodium benzoate,
citric acid, ascorbic acid and potassium sorbate, respec-
tively.

It can be recommended that the above concentrations
of the chemical preservatives could be used to preserve
against food borne pathogens. In many cases, a con-
centration sufficient to result in the lyses of bacterial food
poisoning growth may be all that is required to achieve a
safe food product. Therefore, employing these chemical
preservatives against some food poisoning bacteria pro-
vides an exciting potential for the future.

REFERENCES

Adams MR, Moss O (1999). Food Intoxication and Infection In: Food
Microbiology,Publ. by Royal Society of Chemistry, New York: 4t
Edition . pp. 72-75

Adeleke RO, Oladapo AS (2010). Microorganisms in foods Published in
Nigeria By: Omilomo Publishing Firm Osun State. 1st Ed. pp. 44 -45

Ajayi AO (2005). Larvicidal and antimicrobial activity of some medicinal
plants commonly grown in Nigeria. J. Res. Biosci. 2(1): 72-76.

Appleton L (1994). Cell wall composition In: Medical Microbiology.3rd
Edition.Published by Pretice Hall International U.S.A. pp. 5-8.

Cheesbrough M (2002). Biochemical Tests to ldentify Bacteria. In:
Laboratory Practice in Tropical Countries, Cheesbrough M (eds).
Cambridge edn. pp. 63-70.

Christian GD (1994). Preparation of concentration and Expression of

Analytical Results in Analytical Chemistry. Published by Hamiltom
Printing company 5th edition; p. 77.

Doughari JH (2006). Antimicrobial activity of Tamarindus indica Linn.
Trop. J. Pharm. Res. 5(2):592- 603.

Dziezak JD (1986). Preservatives Antimicrobial agents. A means toward
products stability. Food Technol. 40: 104-111.

Frazier WC, WestHoff DC (2002). Food intoxication and infection: In
Food Microbiology. 13th Edition Tata McGraw — Hill Publishing
Company Limited. pp. 144-158.

Greer GG, Dilts BD (1995). Lactic acid inhibition of the growth of
spoilage bacteria and cold tolerant pathogens’ in pork. Int. J. Food
Microbiol. 25: 141-151

Jageethadevi A, Saranraj P, Ramya N (2012). Inhibitory effect of chemi-
cal preservatives and organic acids on the growth of bacterial patho-
gens in poultry chicken, Asian J. Biochem. Pharm. Res.1(2):1-9.

Jay MJ (2005). Chemical preservatives In: Modern Food Microbiology:
Chapman & Hall, Inc., New York Fourth ed. pp. 251-279.

Joshua AJ (2000). Chemical preservatives In: Essentials of Food
Hygiene Education. Publ. by Spectrum Books Limited, Ibadan 1st
Edition. pp. 5-7.

Mahindru SN (2000). Factors influencing the selection of chemical
preservatives In: Food Additive, Publ. by Tata McGraw -Hill.
Company Ltd. New York. pp. 1-39

Mailard JY (2002). Bacterial target sites for Biocide action. J. Appl.
Microbiol. 9 (16-27).

Matsuda T, Yano T, Maruyama A, Kumangai H (1994). Antimicrobial
activities organic acids determined by minimum inhibitory concen-
trations at different Ph ranged from 4.0-7.0 J. Japan Soc. Food
SCland Technol(Nippon Shokuhin Kogyo Gakkaishi). 41(10) 687-701

Nanda M (2005). Determination of zone of inhibition In:Clinical
Microbiologylst Ed. Jaype Brothers Medical Publishers, New Delhi.

Nostro A, Germano MP, D’Angelo V, Marino A, Cannatelli MA (2000).
Extraction methods an bioauthography for evaluation of medicinal
plant antimicrobial activity. Lett. Appl. Microbiol. 30 (5): 379-385

Olunlade BA, Adeleke RO, Oyeleke WA, Akande EA (2010). Basic
Food Sci. Hygiene. Graphael Printing and Publ. Company Oshogbo,
Nigeria 2nd Ed. p. 1.

Omoya FO, Akharaiyi FC (2010). A pasture honey trial for antibiotic
potency on some selected pathogenic bacteria. J. of Natural
Products, Vol. 3: pp. 05-11.

Oyawoye OM, Oyawoye EO, Tahir F, Yusuf 1Z, Buhari H (1999). Effect
of preservatives on the shelf life of locally produce cottage cheese.
Sci. J. Pure Appl. Sci. ATIL Press 2(1):52-60.

Podolak RK, Zayas JF, Kastner CL, Fung DYC (1996). Inhibition of
Listeria monocytogenes and E. coli 0157H7 on beef by application of
organic acids. J. Prot. 59:1037-1040

Prescott LM, Harley PP, Klein DA (2002). Uses of chemical agents In:



Microbiology An Introduction.5th ed. McGrawhill Publishing Co Ltd, New
York. pp. 504-505.

Pundir RK, Jain P (2011). Evaluation of five chemical food preservatives
for their antibacterial activity against bacterial isolates from bakery
products and mango pickles Chem. Pharm. Res. 3(1):24-31.

Willey JO, Sherwood LM, Woolverton CJ (2011). Prescott
Microbiology:In Food intoxication and infection. McGraw Hill Publish.
8th Ed. pp. 1015-1016.

Oladapo et al. 1515

Xavier TF, Senthilkuma S, Okoh S, Sebastinraj J (2003). Antibacterial
activity of Malaxis Rheedii Sw. an ornamental orchid of shvaroy
region of Eastern Ghat, S. India. Sci. Focus. 5: 82-88.



