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ABSTRACT

Fresh fruits and vegetables are an indispensable aspect of the diet today. But foodborne outbreaks
associated with them have also increased over decades. The present study was designed to reduce the
microbial load as a step towards strengthening food safety. Copper and organic acids including lactic acid,
acetic acid and citric acid were used to determine their inhibitory effect on E. coli and Salmonella sp. isolated
from fruits and vegetables. The effect was determined individually as well as in combinations. It was observed
that lactic acid at 0.2%, acetic acid at 0.2% and citric acid at 0.3% inhibited the bacterial growth. Combination
of copper with the three organic acids was investigated separately. The combinations were applied onto carrot
and apple to determine the microbial reduction. Copper (50 mg/ml) in combination with 0.2% lactic acid was
found to inhibit the microbial growth the most. Results indicated that the combination yielded 2 log reductions
in the case of E. coli on carrot and 4 log reductions on apple respectively. Thus, the combined treatment of
copper and lactic acid can be applied in food industries to prevent the occurrence of outbreaks associated with
fresh fruits and vegetables.
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INTRODUCTION

Increased consumption of fruits and vegetables in raw form in the recent years has been found to be
accompanied by an increase in the number of human infections and outbreaks [1]. Fruits and vegetables are
generally considered to be low-risk foods with respect to safety. However, sporadic outbreaks of foodborne
diseases associated with fresh fruits and vegetables have raised concern that these products may be an
increasing source of foodborne infection [2]. Fruits and vegetables can become contaminated during growing,
harvesting, processing or distribution stages. An increasing number of foodborne outbreaks of human illness
have been linked to the consumption of raw fruits, vegetables contaminated with gastrointestinal pathogens
[3]. Salmonella and Escherichia coli 0157:H7 are the major pathogens contributing to outbreaks of foodborne
illness associated with fresh fruits and vegetables [4; 5; 6]. Several pathogen-substrate combinations more
frequently occur in outbreaks: Salmonella and cantaloupes, tomatoes or sprouts; E. coli 0157:H7 and leafy
green vegetables; Cyclospora and raspberries; and hepatitis A with green onions [7; 8].

The incidence of outbreaks has led to the development ofvarious methods to either prevent or reduce
the microbial load associated with fresh fruits and vegetables. Chlorine, hydrogen peroxide and other
chemicals have been conventionally used in industries to wash the produce, but the efficacy of treatments has
been low. Also, the threat of chemicals being retained on product is high. Foods preserved with natural
additives have become popular in recent years due to consumer awareness and concern about synthetic
chemical additives. Copper is one of the oldest metals with various beneficial uses to the mankind. Copper has
been shown to be a broad-spectrum antimicrobial agent effective against a range of pathogens. The
mechanism of antimicrobial action of copper begins by rupture of the bacterial outer membrane on contact
followed by entry of copper ions into the cell and obstructing cell metabolism. Copper has shown its
antimicrobial action against a wide range of microorganisms including Salmonella and E. coli 0157:H7. Faundez
et al., 2004 [9] showed that copper ions induce and inhibit growth in bacteria and have a toxic effect on most
microorganisms. Recent reports also showed that copper nanoparticles can kill E. coli and has a great potential
as antimicrobial agents [10]. Organic acids approved by the Federal Drug Administration (FDA) are generally
recognized as safe (GRAS). They have been documented to possess antimicrobial activities against different
pathogens such as E. coli, Salmonella sp and Listeria monocytogenes. They have both bacteriostatic and
bactericidal effects which hamper the growth of bacteria and leading to loss of viability [11]. The
hydrophobicity and un-dissociated acid level of an organic acid decide the efficacy of antimicrobial effect they
exert. Most effective organic acids are acetic, lactic, propionic, sorbic, and benzoic acid. Alvarado-Casillas [12]
showed that there was a significant reduction in the number of S. typhimurium and E. coli 0157:H7 on fresh
cantaloupes with 2% lactic acid spray. Application of organic acids in food preservation has long been known
and should be taken to the commercial level as most of the available data is only at research level.
Combination treatments have been reported to inactivate Salmonella sp and E. coli 0157:H7 on different food
products. Beal et al., 2004 [13] reported that the addition of 150 mM lactic and 50 ppm of Cu to liquid pig feed
resulted in a 10-fold increase in the death rate of Salmonella typhimurium. Objective of the study is to
investigate the effect of copper alone and in combination with organic acids in controlling the growth of
pathogenic microflora on fresh fruits and vegetables.

MATERIALS AND METHODS

Bacterial strains

E. coli and Salmonella sp. isolated from fresh fruits and vegetables which are consumed raw in the
form of salads were selected for the study. Five pathogenic strains including three E. coli and two Salmonella
sp. were selected from the culture collection at Food Science and Technology, Pondicherry University. These
cultures were maintained on nutrient agar slants at 4°C and transferred to LB broth before use.
Effect of Cu and organic acids on bacteria

All the five strains were tested individually for determining the effect of copper and the three organic
acids on them. Copper at concentrations starting from 25 to 200 mg/ml and organic acids at concentrations

from 0.1% to 0.4% were added to the bacterial culture in LB broth and incubated at 37°C for 24h. The bacterial
growth in terms of turbidity was measured by using spectrophotometer at 600 nm.
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Bacterial growth pattern with Cu and organic acids

The strains under study were grown in BHI broth supplemented with copper (50 mg/ml), lactic
acid[LA] (0.2%), acetic acid[AA] (0.2%) and citric acid[CA] (0.3%) individually in triplicates with the control
containing the bacterial culture in BHI broth. Also, each strain was subjected to three different combinations of
copper with lactic acid, acetic acid and citric acid separately as follows: Cu (50 mg/ml) plus 0.2% LA, Cu (50
mg/ml) plus 0.2% AA and Cu (50 mg/ml) plus 0.3% CA. Bacterial growth was monitored by measuring the
turbidity every two hours time intervals using ELICO CL63 photometer at a wavelength of 600 nm.

Treatment with Cu and LA

Fresh samples of apple and carrot were purchased from local market of Puducherry and brought into
the laboratory for the experiment. Samples were rinsed thoroughly in sterile distilled water followed by drying
under sterile conditions in the laminar flow chamber. Overnight culture of E. coli 0157:H7 (MTCC 727) and
Salmonella typhi (ATCC 14028) were prepared to yield cell density of 103 CFU/ml, followed by dipping the
samples into the culture in separate beakers and then allowed to dry. Samples were cut in aseptic conditions
(25 g), immersed in 225 ml of BHI broth supplemented with 50 mg/ml copper and 0.2% lactic acid and stored
at room temperature for a period of 12 h.

Bacterial enumeration after treatment

Bacterial growth was then determined by plating onto tryptic soy agar (TSA). In this procedure,
samples (1 ml) were withdrawn from inoculated samples at Oh, 6 h and 12 h, serially diluted in 0.1% peptone
water; then appropriate dilutions were surface-plated (100 pl) onto duplicate TSA. Colonies were counted
after plates were incubated at 37°C for 24 h to determine the bacterial growth.

Statistical analysis

All the experiments were performed in triplicate sets and the mean values were analyzed by using
one way-ANOVA.

RESULTS
The effect of copper and the three organic acids on microbial growth was examined individually. Table
1 shows the effect of different concentrations of copper, viz., 50, 100 and 200 mg/ml on the growth of five
strains under study. Results indicated that copper at 50 mg/ml was the lowest concentration which inhibited

growth while higher concentrations of 100 and 200 mg/ml inhibited growth significantly.

Table 1. Effect of Copper on growth of E. coli and Salmonella sp.

Isolates Copper (0.D at 600 nm) mg/ml
0 50 100 200
E. coli
E1 0.49 0.42 0.39 0.29
E2 0.58 0.50 0.47 0.42
E3 0.55 0.47 0.45 0.36
Salmonella sp.

S1 0.48 0.45 0.40 0.31
S2 0.52 0.45 0.46 0.40

Similarly, table 2 shows the effect of different concentrations of all the three organic acids, lactic acid,
acetic acid and citric acid at 0.1%, 0.2%, 0.3% and 0.4% on the bacterial strains. It has been observed that lactic
acid at 0.2%, acetic acid at 0.2% and citric acid at 0.3% inhibited the bacterial growth and higher
concentrations inhibited the growth further. Thus, the lowest concentrations which inhibited microbial
growth, each of copper (50 mg/ml), lactic acid (0.2%), acetic acid (0.2%) and citric acid (0.3%) were taken into
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consideration for further experiments in the study to determine their synergistic effect in the inhibition of
growth of E. coli and Salmonella sp. isolated from fresh fruits and vegetables.

Table 2. Effect of the three organic acids on growth of E. coli and Salmonella sp.

Isolates
E. coli Salmonella sp.
E1 E2 E3 s1 s2
Lactic acid 0.1 0.49 0.58 0.55 0.48 0.52
(mg/ml) 0.2 0.40 0.52 0.49 0.43 0.49
0.3 0.40 0.49 0.45 0.38 0.46
0.4 0.39 0.38 0.30 0.38 0.40
Organic [ pcetic acid 0.1 0.49 0.58 0.55 0.48 0.52
acids (mg/ml) 0.2 0.46 0.56 0.53 0.47 0.51
(0.Dat 0.3 0.43 0.43 0.49 0.43 0.49
600 nm) 0.4 0.39 0.39 0.45 0.40 0.38
Citric acid 0.1 0.49 0.58 0.55 0.48 0.52
(mg/ml) 0.2 0.49 0.58 0.54 0.48 0.51
0.3 0.45 0.52 0.49 0.42 0.45
0.4 0.40 0.47 0.46 0.38 0.42

For determining the effect of copper with different organic acids, we examined the growth of
individual strains in BHI broth in the presence of copper and each of the three organic acids separately,
followed by in combination. The bacterial growth was monitored for a period of 12 h with readings taken at 0,
6 and 12 h. Both E. coli and Salmonella sp. showed only marginal reduction in growth in the presence of
copper (50 mg/ml). Similar pattern was observed in the case of samples treated with lactic acid, citric acid and
acetic acid individually. Lactic acid showed more inhibition than acetic and citric acids. In the case of
combinations, copper with lactic acid showed significant inhibition in growth when compared to copper with
acetic acid or citric acid. Combination of copper with lactic acid showed almost 40% reductions in growth of E.
coli while that of copper with acetic acid and citric acid showed only 26% and 4% respectively (Fig 1). In the
case of Salmonella, it was found that copper with lactic acid showed 36% reduction while acetic acid showed
only 2% and citric acid did not affect the growth at all (Fig 2).
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Fig 1. Effect of various treatments on E. coli. Cu- Copper, LA- Lactic acid, AA- Acetic acid, CA- Citric acid, Cu + LA-
Copper(50 mg/ml) in combination with 0.2% lactic acid, Cu + AA- Copper(50 mg/ml) in combination with 0.2% acetic

acid, Cu + CA- Copper(50 mg/ml) in combination with 0.3%citric acid.
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Fig 2. Effect of various treatments on Salmonella sp. Cu- Copper, LA- Lactic acid, AA- Acetic acid, CA-Citric acid, Cu + LA-
Copper (50 mg/ml) in combination with 0.2% lactic acid, Cu + AA- Copper (mg/ml) in combination with 0.2% acetic acid,
Cu + CA- Copper (50 mg/ml) in combination with 0.3%citric acid
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Fig 3. Effect of Cu + LA treatment on E. coli and Salmonella sp. in Carrot. Cu+ LA- Copper (50 mg/ml) + 0.2% Lactic acid
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Fig 4. Effect of Cu + LA treatment on E. coli and Salmonella sp. in Apple. Cu+ LA- Copper (50 mg/ml) + 0.2% Lactic acid

Based on the above results, it was observed that 50 mg/ml Cu in combination with 0.2% LA was the
most effective treatment in the reduction of microbial growth. In the case of E. coli on carrot, it was found that
the initial microbial count of 10% increased to 1.2 x 10°in 6 h and 2.6 x 107 in 12 h in the control sample. After
the combination treatment of 50 mg/ml copper and 0.2% lactic acid, the count reduced to 2.1 x 10%in 6 h and
3.2 x 10%in 12 h. This infers that the treatment significantly inhibited the microbial growth. Similar results were
also observed in the case of Salmonella sp. (Fig 3). The effect of combination treatment on apple also yielded
similar results. E. coli growth was found to be srongly inhibited when compared to Salmonella sp. as the
microbial count decreased significantly from 2.3 x 10°in control sample to 1.4 x 102 in the treated sample (Fig
4).

DISCUSSION

Copper has been a well known natural antimicrobial agent. Copper at higher concentration is toxic to
microorganisms as it can mediate cell membrane damage, interact with nucleic acids and mediate protein
damage [14; 15]. Present study investigated the role of copper along with three different organic acids,
namely, lactic acid, acetic acid and citric acid in reducing the microbial load. Copper and the three organic acids
individually exhibited antimicrobial effect against E. coli and Salmonella sp. isolated from fresh fruits and
vegetables. The essential mechanism of antimicrobial activity in copper is because of its changing oxidation
states, generating highly reactive hydroxyl radicals damaging the biomolecules and affecting the cell
membrane integrity [16]. The minimum inhibitory concentration (MIC) of copper was found to be 50 mg/ml
while higher concentrations led to higher inhibition. Reyes-Jara [17] reported the antimicrobial activity of
copper on microorganisms isolated from raw milk, where 250 mg/ml was the MIC for E. coli. But higher
antimicrobial activity was observed when copper was used in combination with the organic acids. Organic
acids are generally effective at low concentrations. Marriot and Gravani [18] reported that broad spectrums of
bacteria are rapidly killed by organic acids within in a wide range of temperature. In the present study, lactic
acid was found to be the most effective organic acid against E. coli and Salmonella sp. when compared to
acetic acid and citric acid. Similar reports have been documented by Doyle et al. [19] who showed that lactic
acid treatment provided the greatest biocidal effect against E. coli 0157:H7. Earlier studies have suggested
that a combination of two organic acids or organic acid with other natural antimicrobial compounds could
have a stronger inhibitory effect compared to the effect of single acid [20]. Copper combined with each
organic acid produced significant inhibition in microbial growth. The most effective combination in retarding
the microbial growth was found to be 50 mg/ml copper with 0.2% lactic acid. The combined treatment yielded
4 log and 5 log reductions in the case of Salmonella sp. and E. coli respectively. Similar results have been
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reported by lbrahim et al. [21] where the growth of Salmonella sp. and E. coli 0157:H7 were significantly
inhibited when both lactic acid and copper were added to laboratory medium and carrot juice.

CONCLUSIONS

The results of the study clearly demonstrated that copper and organic acids at low concentrations
showed inhibitory activity against E. coli and Salmonella sp. from fresh fruits and vegetables. Lactic acid, acetic
acid and citric acid at concentrations of 0.2, 0.2 and 0.3% respectively inhibited microbial growth while copper
showed inhibition at a concentration of 50 mg/ml. It has been proved that a combination of 0.2% lactic acid
and 50 mg/ml copper exhibited pronounced inhibition of microbial growth. One of the possible reasons for the
synergistic effect of copper and lactic acid may be that the permeabilizing nature of lactic acid enables the
entry of Cu ions into the bacterial cell there by affecting microbial metabolism and inhibiting their growth.
Harmful chemical sanitizers used in cleaning of fresh fruits and vegetables pose a threat to their safety. Thus,
application of copper in combination with organic acids on fresh fruits and vegetables can be commercialized
in food sectors, which can help reduce the microbial load and thereby helping in the prevention of foodborne
disease outbreaks.
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