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ABSTRACT 

Escherichia coli O157:H7, Salmonella Typhimurium, Staphylococcus aureus, and 

Listeria monocytogenes are common foodborne pathogens in the United States.  With 

the advent of more consumers seeking chemical-free treatments to control pathogenic 

organisms in food, there has been an increasing interest in antimicrobials from natural 

sources.  This study aimed to evaluate the antimicrobial effect of lime juice and java 

plum juice on aforementioned foodborne pathogenic bacteria in microbiological media 

and food models.   

First, agar well diffusion assay was conducted to test if the juices were effective 

against the four bacteria.  After confirming its effectiveness, the antimicrobial activity 

of diluted lime juice was further confirmed in water and nutrient broth inoculated with 

the pathogenic bacteria.  The survival of the bacteria in water and nutrient broth was 

determined on plate count agar (PCA). S. Typhimurium, S. aureus, and L. monocytogenes 

in water supplemented with 50% lime juice were inactivated at room temperature 

within 3, 8, and 48 h, respectively.  Inactivation of the pathogens was faster in nutrient 

broth incubated at 35°C than in water.  Nutrient broth supplemented with 50% java 

plum juice inactivated S. Typhimurium and S. aureus in 12 h, and E. coli O157:H7 and L. 

monocytogenes in 24 h.  

The juices were then tested on food models such as shrimp and cut cantaloupe.  

The pathogenic bacteria on the foods were enumerated on selective agars, with xylose 

lysine decarboxylase (XLD) agar for S. Typhimurium and modified Oxford (MOX) agar for 
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L. monocytogenes.  The overlay agar method was also employed to recover the injured 

cells on PCA before enumerating on the selective agars.   S. Typhimurium was used as 

a representative pathogen to test its susceptibility to lime juice on shrimp.  S. 

Typhimurium-inoculated shrimps were marinated in diluted lime juice at 7°C for 0, 2, 4, 8, 

24, and 48 h.  By 24 h, a significant difference (P<0.05) between the 25% treatment and 

control started to show.  Comparing to the control, the 50% treatment reduced the 

count of S. Typhimurium on shrimp by 2.07, and 3.34 logs at 24 h, and 48 h, respectively. 

 S. Typhimurium and L. monocytogenes, the two pathogens that have caused 

several multistate foodborne illness outbreaks with cantaloupe, were tested for their 

susceptibility to java plum juice treatments on the fruit.  After dipping the inoculated 

cantaloupe cubes in diluted java plum juice for an hour, the fruit was stored at 7°C for 8 

days.  Under refrigeration, both L. monocytogenes and S. Typhimurium were able to 

grow on cut cantaloupe.  When the fruit was treated with 50% java plum juice, the 

growth of L. monocytogenes was restrained.  Comparing to the control, the 50% 

treatment significantly reduced the count of S. Typhimurium by 0.67, 2.86, and 3.41 logs 

on day 0, day 4 and day 8, respectively.  The results from the selective agar and overlay 

agar were significantly different for S. Typhimurium counts in both solid food models 

although counts for L. monocytogenes showed no significant difference between the two 

agars.  This indicates that the use of overlay method is crucial for the enumeration of S. 

Typhimurium when the cells are injured due to exposure to lime juice and java plum 

juice.   
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Chemical analysis was also conducted on lime juice and java plum juice to 

determine their acidity and quantify bioactive compounds that may be responsible for 

their antimicrobial properties.  The pH of lime juice and java plum juice was 2.61 ± 0.04 

and 3.12 ± 0.02, respectively.  The total phenol content of the lime juice and java plum 

juice was found to be 50.4 ± 6.1 and 201.4 ± 69.1 mg gallic acid equivalence/100ml, 

respectively.  The high acidity of the two juices may have contributed to controlling the 

tested foodborne pathogenic bacteria.  Furthermore, java plum juice has a high content 

of phenolic compounds, which may also account for its antimicrobial activity.  These 

results show that lime juice and java plum have strong antimicrobial effect on foodborne 

pathogenic bacteria.  They may both provide an alternative and green solution to 

enhance the microbiological safety of food.   
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CHAPTER 1 

INTRODUCTION 
 

  While food supplies in the United States are among the safest in the world, 

foodborne diseases remain a persistent challenge to the public health.  They cause 

approximately 48 million illnesses, 128,000 hospitalizations, and 3,000 deaths every 

year (CDC 2011).  Escherichia coli O157:H7, Salmonella, Staphylococcus aureus, and 

Listeria monocytogenes are common foodborne pathogenic bacteria, with Salmonella 

being the leading cause of bacterial foodborne infections (CDC 2011).  Outbreaks caused 

by these pathogens have been associated with various foods, including shrimp and cut 

cantaloupe (Allshouse and others 2004; CDC, 2012). 

Preservatives are commonly used in food processing to enhance the 

microbiological safety and extend the shelf life of food products.  Despite being effective, 

synthetic preservatives are not readily accepted by the consumer in that some of them 

may potentially cause health problems (Naidu 2000).  There has been an increasing 

interest in antimicrobial agents originated from natural sources.  Natural antimicrobials 

are abundant in the environment and can be derived from animals, plants, and other 

microorganisms (Naidu 2000).  Studies have shown that plants with high organic acids 

and phenolic compounds may have potentials as antimicrobial compounds.  Extracts 

from these plants may be used as natural food preservatives.     
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 Fruits have rich history of usage both as edibles and as traditional medicines 

throughout the tropical and subtropical world (Reynertson and others 2005).  The 

tartness of citrus fruits comes from the citric acid with lime juice.  In addition to being a 

functional flavoring, lime juice can control bacterial growth in meat (Yang and others 

2013).  Although there are many studies of fruits with potential antimicrobial effects, 

few show their control of pathogens on seafood commodities.  Therefore, the first 

objective of this study was to evaluate the bactericidal properties of lime juice against 

major foodborne pathogenic bacteria in synthetic media and shrimp.  In addition to 

limes, other fruits that are not well-known may also have antimicrobial potentials.  Java 

plum (Syzygium cumini) is a fruit that grows in many regions of Indian sub-continent 

(Ayyanar and Subash-Babu 2012; Morton 1987a).  Previous research shows this fruit has 

high phenolic contents, and it has flavonoids equivalent to blueberries and black 

currants.  The second objective of this study was to investigate the potential of java 

plum juice as a natural preservative.  It was evaluated in both synthetic media and cut 

cantaloupe. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Foodborne illness 

 Foodborne illness is a serious health issue and has a great economic burden in 

the United States.  The Centers for Disease Control and Prevention (CDC) estimates that 

48 million people (one in six Americans) get sick from foodborne diseases annually (CDC 

2011).  Out of these people, 128,000 are hospitalized and 3,000 die.  The actual number 

may be a little greater than the statistics given that many cases are thought to be 

unreported.  Due to the top five common foodborne pathogens (Campylobacter, 

Salmonella, Escherichia coli O157:H7, non-O157 Shiga-like toxin producing E. coli, and 

Listeria monocytogenes), the estimated economic loss is at least $6.9 billion (Crutchfield 

and Robers 2000).  This estimate made by the United States Department of Agriculture 

(USDA) Economic Research Service (ERS) includes the cost of medical care, productivity 

losses, and premature deaths.  According to Scharff (2012), the amount in loss is an 

underestimate since the previous model did not include the functional disability, such as 

economic losses due to trust issues.  With Scharff’s model, the economic loss was 

thought to be between $28.6 to $144.6 billion (with 90% CI).  Outbreaks of foodborne 

illness cause negative repercussions to the food industry which include rise of costs due 

to lawsuits or recalls and others by losing consumer confidence. 

  Foodborne illness is a global problem.  Annually, unsafe food is responsible for 

illness in at least two billion people in the world, and this number is growing each year 
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(WHO and FAO 2004).  In the United States, large foodborne illness outbreaks attract 

media attention, but in Asia, many outbreaks do not hit the headlines.  Still, it is 

estimated that 700,000 people die each year due to illness caused by ingestion of 

contaminated food.  Developing countries have more concern for death caused by 

foodborne illness, especially in the young children and elderly.   Also, with many imports 

and exports of food, there are more risks of foodborne illness outbreaks.  Research has 

shown that less developed countries often have difficulty meeting quality and safety 

standards required by importers due to lack of funds to invest in quality control 

measures, adequately trained staff, and expensive equipment (Allshouse and others 

2004).   

 In the United States, there are 31 pathogens known to cause foodborne illnesses, 

but there are other unspecified agents that are harmful to humans too.  Some of the 

unspecified ones result from microbes, chemicals, and other substances that have been 

transmitted via food.  In food, it is difficult to point the culprit of illness.  People rarely 

know what have made them ill.  Therefore most of the time food poisoning cases 

become unreported (CDC 2011).   

 There are many links in the food chain from farm to folk.  Contamination of the 

food can occur at any steps of this chain, such as production, processing, distribution, 

and preparation.  The following describes examples of contamination that may occur at 

each step: (1) Production: if farm inputs such as water and fertilizers contain hazardous 

substances, fruits or vegetables may be contaminated before harvest; (2) Processing: 

during the slaughtering of animals, pathogens from the intestines of animals may be 
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spread to the carcass and meat products; (3) Distribution: pathogenic bacteria present 

in perishable foods may flourish if the foods are temperature abused; and (4) 

Preparation: sick workers may spread the pathogens they carry to the food they handle 

if they do not perform hand hygiene (CDC 2012a).   

 Various foods are victims to adulteration by foodborne pathogens.  Animal 

products are known to be commonly contaminated, but fresh produce actually gets 

contaminated by foodborne pathogens more often than many anticipate.  Nearly 4.4 

million cases (≈51%) of foodborne illness are due to plant commodities annually in US 

(Painter and others 2013).  Contamination may occur on produce in fields and orchards, 

or during harvest, post-harvest handling, processing, and distribution (Beuchat, 1996).  

The major source of microbial contaminants in fresh produce is animal and human feces.  

The fecal matter may come from incompletely composted manure, contaminated water 

used for irrigation, washing and cooling, and workers who do not practice good hygiene 

during production, harvesting, sorting, packing, and transportation of the produce.   

 Another vehicle for the transmission of foodborne pathogens is seafood.  

Seafood is often consumed raw or prepared in ways that do not completely inactivate 

microorganisms.  Contamination of seafood may be due to improper product handling, 

sewage runoff from points inland after heavy rains or flooding, and illegal harvesting 

from sewage-contaminated water (Iwamoto and others 2010).  According to National 

Oceanic and Atmospheric Administration (NOAA), the U.S. is the third-ranked country 

for consuming fish and shellfish.  Americans consume a total of 4.833 billion pounds of 

seafood in 2009, with shrimp being the top seafood item of choice for the U.S. (NOAA 



6 
 

2010).  Most outbreaks associated with fish (89.0%) and crustaceans (93.3%) were 

caused by bacteria (Iwamoto and others 2010).  Of the detained imports, one-quarter 

were for shrimp and prawns (farm raised and wild caught), with more than half due to 

presence of Salmonella (Allshouse and others 2004).   

 

2.2 Foodborne pathogens 

 Foodborne pathogens include viruses, bacteria, parasites, and other organisms 

causing foodborne illness due to intoxication or infection.  Of these, norovirus accounts 

for 58% of foodborne illnesses in the U.S. (CDC 2011).  The virus has been listed in the 

top five pathogens in regard to total economic loss due to foodborne illness in the U.S. 

(Scharff 2012).  Nevertheless, foodborne pathogenic bacteria hold a stronger concern to 

the public.  Organisms such as Salmonella spp., Listeria monocytogenes, E.coli O157:H7 

and Clostridium spp. can cause more serious diseases than foodborne viruses, with 

Salmonella being the number one cause of foodborne illness-related hospitalizations or 

deaths.  Usually immune compromised individuals, young children, and elderly are more 

prone to getting severely ill.  It is estimated that 3% of foodborne illness leads to long-

term health problems (WHO 2011).  Estimates of economic loss due to common 

foodborne pathogenic bacteria are $2.4 billion by Salmonella, $2.3 billion by Listeria 

monocytogenes, and $0.7 billion by E. coli O157:H7 (Crutchfield and Robers 2000).   
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2.2.1 Escherichia coli O157:H7 

 E. coli strains are rod-shaped Gram-negative bacteria.  They are natural 

inhabitants in the guts of animals and humans.  That being said, not all E. coli are 

harmful to human health, but there are some that may have severe health implications.  

The notorious of all is E. coli O157:H7 which has been associated with outbreaks of 

variety of foods, including raw beef, sprouts, lettuce, spinach, melons, and 

unpasteurized apple juice and cider (CDC 2013; Frenzen 2007; Del Rosario and Beuchat 

1995).  In many cases, if outbreaks were not due to E. coli O157:H7, other 

enterohemorrhagic E. coli serotypes were the cause.  These bacteria produce Shiga-like 

toxins and cause victims to have bloody stools.  There are some cases where these 

pathogens cause kidney disease: hemolytic uremic syndrome (HUS) in children and 

thrombotic thrombocytopenic purpura (TTP) in adults.  The HUS caused by Shiga toxin-

producing E. coli leads to the most serious and life-threatening complications 

(Petruzziello-Pellegrini and others 2013).  About 5-15% of STEC infection cases progress 

to HUS (Tarr and others 2005).  The Economic Research Service (ERS) estimated the 

economic cost of illness due to E. coli O157:H7 to be close to $405.2 million in 2003 

(Frenzen 2007).  Most of the cost was attributed to premature death ($370 million) with 

the remainder being due to medical care ($30.2 million) and lost productivity ($5.0 

million).   
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2.2.2 Salmonella spp. 

  Salmonella is a gram negative bacterium and is the most common cause of 

foodborne illness outbreaks in the U.S. (CDC 2011).  Most people infected with 

Salmonella develop diarrhea, fever, and abdominal cramps, and recover without 

treatments. But there are still many cases which lead to hospitalization.  In one of the 

worst case scenarios, the Salmonella infection may spread from the intestines to 

bloodstream.  The pathogen will transfer to other body sites and cause death without 

the proper treatment (Montville and Matthews 2008).  The primary habitat of 

Salmonella is the intestinal tracts of animals, such as birds, farm animals, humans, and 

reptiles.  While this pathogen is commonly associated with eggs, poultry, meats and 

dairy products, Salmonella is also known to be the cause of outbreaks in other various 

foods (CDC 2013).  In 2012, there was also a cantaloupe related outbreak caused by 

strains of Salmonella Typhimurium and S. Newport.  In this multistate outbreak, reports 

came from 24 states with a total of 261 people infected, 94 people hospitalized, and 3 

deaths (CDC 2012c).  Moreover, Salmonella may pose a risk in shrimp which is usually 

lightly cooked too (Wan Norhana and others 2009).  Salmonella and Listeria have been 

commonly isolated from shrimp and shrimp products (Wan Norhana and others 2010).  

Trade is occurring all over the world, but unfortunately there is no international 

agreement on “acceptable levels” of foodborne pathogens such as Salmonella and 

Listeria in food, including shrimp.  FDA detention data show that Salmonella was the 

most common contaminant of fish and fishery products with 58% of the contamination 

problems coming from shrimp (Figure 2.1, Allshouse and others 2004).   
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Figure 2.1.  Share of FDA violations for Salmonella, by seafood product 2001 (Allshouse 
and others 2004) 
 

 

2.2.3 Listeria monocytogenes  

 Listeria monocytogenes is a rod-shaped Gram-positive bacterium.  It is 

commonly found in soil, water, and sewage.  Many people carrying this organism often 

show no symptoms of the illness because L. monocytogenes is an opportunistic 

pathogen.  In immunocompromised individuals, it may cause serious diseases such as 

septicemia, meningitis and encephalitis.  In pregnant women, symptoms similar to flu 

may occur, and L. monocytogenes may cause abortion and stillbirth (Montville and 

Matthews 2008).  Amongst known foodborne pathogens, L. monocytogenes is 

responsible for the highest hospitalization rate (91%).  It is also linked to sporadic and 

large outbreaks of human illness worldwide with a 24%-62% mortality rate (Brouwer 

and others 2006; Mead and others 1999).  Over the last 25 years, L. monocytogenes has 
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become a major cause of foodborne diseases, annually causing 2,000 cases of listeriosis 

and 500 deaths in the U.S. (Montville and Matthews 2008).   

L. monocytogenes is capable of growing under various stressful conditions.  For 

example, it can proliferate at refrigeration temperatures, in high salt foods, in acidic 

foods, in relatively high heat, and also in the human immune system (Sergelidis and 

Abrahim 2009).  The reason why this organism is hardy is that it can assimilate and 

process information from the environment quickly so they can adapt to changing 

conditions (Hilla and others 2002).  L. monocytogenes is commonly associated with 

ready-to-eat foods such as sausages and cheese, but it has also been linked to many 

other foods because it is ubiquitous.  Unlike most pathogenic bacteria which grow 

rapidly at room temperature but slowly under refrigeration, L. monocytogenes is known 

to be psychrotrophic. The combination of its ubiquitous nature and ability to grow well 

under refrigerated conditions may have resulted in a large cantaloupe outbreak in 2011.  

Listeria monocytogenes contaminated cantaloupe made 147 people infected, 143 

hospitalized, and resulted with 33 deaths.  Infections were reported from 28 states and 

the news attracted statewide attention as a multistate outbreak (CDC 2012b).  Ukuku 

and Fett (2002) showed the attachments and growth of L. monocytogenes on slices of 

cantaloupe.  The pathogen survived for 15 days at 4°C, grew within 4 h at 8°C and 20°C, 

and increased by ca. 1 log CFU/g within 10 h at 20°C.  Since L. monocytogenes has the 

ability to grow at cold temperatures, it is difficult to control.   
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2.2.4 Staphylococcus aureus 

 Staphylococcus aureus is a round-shaped Gram-positive bacterium.  It is quite 

tough and is one of the most resistant non-sporeforming pathogens.  For example, this 

pathogen grows well in media containing 10% of salt and can grow even in 20% of salt 

(Montville and Matthews 2008).  The food poisoning caused by S. aureus has very short 

onset time (little as 30 min).  Symptoms include vomiting, nausea, cramps, and diarrhea.  

Since this is not an infection, food poisoning due to staphylococcal toxins does not cause 

fever.  It is not infectious like the other foodborne pathogenic bacteria mentioned above.  

Humans are the primary reservoir of S. aureus.  In most cases, S. aureus colonizes the 

nose interior but also the skin.  The pathogen can easily be spread to foods handled by a 

carrier who does not perform personal hygiene.  Along with humans, animals are also 

the carrier of staphylococci.  Unlike the other foodborne pathogenic bacteria, S. aureus 

causes foodborne illness by intoxication.  This means the bacterium does not need to 

multiply in the host to cause illness.  The illness occurs when staphylococcal toxins are 

ingested.  This may happen without the presence of viable S. aureus cells in the food.  

Since staphylococcal toxins are very heat stable, contaminated foods may still cause 

intoxication even they are thoroughly heated.   

 

2.3 Microbial control measures 

 Many pathogenic bacteria grow rapidly in food, so taking preventive measures is 

important.  The most common physical methods of microbial control rely on heat 

because many bacteria are heat sensitive.  Such example is pasteurization.  Though, 
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many of these physical methods are not favorable for fresh fruits and vegetables as they 

may wither the plant, making them look unappetizing.  Microbial inhibition can also be 

achieved by temperature control.  Keeping food at refrigeration or freezing 

temperatures can slow the growth of pathogens and reduce the risk of foodborne illness. 

But this method is not effective against psychrotrophic organisms.  Some other 

commonly used control methods include irradiation, pulsed electric field, and UV light 

(Montville and Matthews 2008).   

  Pathogens present in food may be control by the addition of antimicrobial 

substances.  Such substances may come from synthetic means and natural sources. 

Chemicals such as nitrite have been used in food preservation mostly in cured meats 

such as bacon, hot dogs, ham and bologna.  The use of nitrite has brought concern since 

carcinogenic nitrosamines may be formed by reactions of nitrite with amines in the food.  

Yet, because no other compounds can replace nitrite’s antimicrobial, taste, and color 

functions.  It is still commonly used in the meat industry.  Polyphosphates are used due 

to their ability to chelate metal ions.  By chelating essential metal ions for microbial 

growth, the chemicals stop microorganisms from proliferating.  In addition, natural 

substances may also be used to control foodborne pathogens.  Some natural additives 

include salt, organic acids, and phytochemicals.  Sodium chloride has long been used as 

a natural preservative, and its lethal mechanism is plasmolysis.  Salt also helps lower the 

water activity in food, thus inhibiting microbial growth (Montville and Matthews 2008). 
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2.3.1. Weak organic acids 

Weak organic acids, such as acetic, lactic, benzoic, and sorbic acids, are a group 

of classical preservative agents (Brul and Coote 1999).  They have the generally 

recognized as safe (GRAS) status and are label friendly.  The short chain organic acids 

have similar mechanisms inhibiting the growth of bacterial and fungal cells.  Organic 

acids are most useful below their pKa; thus they are usually used with foods with pH 

below 5.5.  To be effective, organic acids must cross the bacterial cell membrane and 

get into the cytoplasm.  To be able to do this, the organic acid must be in the uncharged 

(protonated) form.  Once inside the cells, the neutral cytoplasmic pH causes the acid to 

dissociate.  The release of the protons acidifies the cytoplasm, and the cell has to use 

ATP to pump protons out of the cell (Figure 2.2).  Therefore, bacteria are controlled due 

to the lack of ATP energy needed for their growth (Brul and Coote 1999; Montville and 

Matthews 2008). 
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Figure 2.2. Mechanisms of action of organic acids in a bacterial cell (a-e). The top left 
bubble illustrates how the organic acids can pass through the outer membrane in Gram-
negative bacteria.  The top right bubble shows how organic acids can pass through the 
inner membrane in Gram-positive bacteria. Adapted from Cetin-Karaca (2011).  
 

 

2.3.2. Antimicrobial phytochemicals 

 Organic acids have been used as food preservatives from ancient times,  but 

recently other new natural antimicrobials are being investigated in plants.  Fruits have 

rich history of uses both as edibles and as traditional medicines in divergent 

ethnobotanical practices throughout the tropical and subtropical world (Reynertson and 

others 2005).  A multitude of plant compounds is readily available over-the-counter 

from herbal suppliers and natural-food stores (Cowan 1999). It is estimated that there 
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are 250,000 to 500,000 species of plants on Earth (Borris 1996). A relatively small 

percentage (1 to 10%) of them is used as foods by both humans and other animal 

species.  It is quite possible that even more can be used for medicinal purposes 

(Moerman 1996).  

  Major classes of antimicrobial compounds from plants are phenolics and 

polyphenols, terpenoids/essential oils, alkaloids, and lectins/polypeptides (Cowan 1999).  

There have been many experiments isolating the natural compounds out, testing them 

against pathogenic bacteria, and finding their potential antimicrobial mechanisms.  The 

compounds all have phenolic structure thus may have similar functions as antimicrobials.  

The simple phenolic compounds control microorganisms by enzyme inhibition through 

reactions of the sulfhydryl group and/or nonspecific interactions with proteins.  Some 

examples of this group are cinnamic, caffeic acids, and pyrogallol (Cowan 1999).  The 

sites and number of hydroxyl groups on the phenolic compounds are thought to be 

related to their relative toxicity to microorganisms (Geissman 1963). 

   

2.3.2.1. Polyphenols 

In recent years, polyphenols have received a lot of attention due to their diverse 

biological functions.  Polyphenols are secondary metabolites constantly produced by 

higher plants (Daglia 2012).  Some types of polyphenols include anthocyanin, flavonoids, 

tannin (Figure 2.3).  Phenolic compounds along with other compounds such as 

carotenoid are used as antioxidants in plants.  Antioxidants are especially important for 

photosynthesizing plants to reduce oxidative stress because photosynthesis makes an 
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environment high in oxidative stress (McGee 2004).  Plant pigments and phenolic 

compounds are also said to have antimicrobial characteristic to ward off diseases, to be 

attractants to be eaten or pollinated, and to be repellents to keep animals away (Lev-

Yadun and Gould 2009; Samanta and others 2011).  In addition to playing essential roles 

in plant physiology, polyphenols have potential health benefits to human, mainly as 

antioxidants, anti-allergic, anti-inflammatory, anticancer, antihypertensive, and 

antimicrobial agents.  Research has shown consuming a large amount of vegetables and 

fruits may potentially help prevent chronic diseases (Liu).  
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Figure 2.3. Classification of polyphenol compounds borrowed from Ferrazzano and 
others (2011).   
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2.3.2.2. Flavones, flavonoids, and flavonols  
 

Flavones are phenolic structures containing one carbonyl group.  The addition of 

a 3-hydroxyl group yields a flavonol (Fennema 1996). Flavonoids are also hydroxylated 

phenolic substances but occur as a C6-C3 unit linked to an aromatic ring.  Plants 

synthesize these compounds in response to microbial infection naturally.  They have 

been found to be effective against a wide array of microorganisms in vitro (Cowan 1999). 

Flavonoids are ubiquitous in photosynthesizing cells and are commonly found in fruits, 

vegetables, nuts, seeds, stems, flowers, tea, wine, propolis, and honey. For centuries, 

preparations containing these compounds as the principal physiologically active 

constituents have been used to treat human diseases (Cushnie and Lamb 2005).  

Medical research suggests they possess many beneficial properties for improving human 

health, including anti-inflammatory activity, oestrogenic activity, enzyme inhibition, 

antimicrobial activity (Havsteen 1983).   

   The antimicrobial property of flavones may be due to their ability to complex 

with extracellular and soluble proteins as well as bacterial cell walls (Cowan 1999).  An 

antibacterial function flavonoids have is the binding of metals necessary for bacteria to 

grow such as iron.  The hydroxyl or carbonyl pair part of the flavonoid can sandwich the 

metal.  If there are two pairs on the flavonoid, they are able to make a polymerization 

structure with the metal, thus making it biologically unavailable.  In the case of enzyme 

inhibition, it has been postulated that it is due to interaction of enzymes with different 

parts of the flavonoid molecule, e.g., carbohydrate, phenyl ring, phenol and 
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benzopyrone ring (Havsteen 1983).  More lipophilic flavonoids may also disrupt bacterial 

cell membranes (Cowan 1999). 

 

2.3.2.3. Quinones 

 

Quinones are aromatic rings with two ketone substitutions and are highly 

reactive.  Quinones are often found in bovine milk and fermented food (Stites and 

others 2000).  In addition to providing a source of stable free radicals, quinones are 

known to complex irreversibly with nucleophilic amino acids in proteins (Stern and 

others 1996)  This often leads to inactivation of the protein and loss of its function.  For 

that reason, the potential range of quinones’ antimicrobial effects is great.   

 

2.3.2.4. Anthocyanins  

  Compared to other phenolic compounds, there are few information of pure 

anthocyanins as antimicrobial compounds.  Like other phenolic compounds 

aforementioned, anthocyanin have antioxidant characteristics (Lev-Yadun and Gould 

2009).  Anthocyanins are found in abundance in fruits, especially in berries.  Lacombe 

and others (2010) were able to demonstrate anthyocyanin’s ability to cause outer 

membrane damage to bacterial cells under the transmission electron microscope.  

Mechanisms underlying anthocyanin activity are thought to be via both membrane and 

intracellular interactions (Cisowska and others 2011).  As part of the flavonoid group, 

anthocyanins show similar antimicrobial properties.   
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2.3.2.5. Tannins 

Tannin is a general descriptive term for a group of polymeric phenolic substances 

capable of tanning leather or precipitating gelatin, proteins, and carbohydrates from the 

solution.  This property is known as astringency, and in humans it feels like a dry, mouth 

puckering mouth feel as salivary proteins are aggregated by the tannin. There are two 

groups of tannins, including the proanthocyanidins (condensed tannins) and the 

hydrolysable tannins.  Tannins are generally water soluble phenolic compounds with 

molecular weights ranging from 500-3000. They can combine with proteins or other 

polymers like polysaccharides.  Therefore their characteristic functions include the 

precipitation of alkaloids, gelatin, and other proteins, making them a clarifying agent 

(Fennema 1996; Gutiérrez-Larraínzar and others 2012).  Tannin are found in almost 

every plant part: bark, wood, leaves, fruits, and roots (Fennema 1996).  In recent years, 

this group of compounds has received a great deal of attention since it has been 

suggested that the consumption of tannin-containing beverages, especially green teas 

and red wines, can cure or prevent a variety of illnesses such as diabetes and cancer 

(Serafini and others 1994; Ayyanara and others 2013).   

 

2.4. Application of natural antimicrobials in food preservation 

 Society has a trend towards green consumerism with desire to have less 

synthetic food additives and to have products with smaller impact on the environment.  

Thus, the research on naturally derived antimicrobials has substantially increased in the 

past decades (Elizaquívela and others 2013).  Various plants, such as fruits, herbs, spices 
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and teas, are found to contain compounds that can inhibit or even kill microorganisms 

(Beuchat and Golden 1989; Brul and Coote 1989).  Extracts from these plants may be 

used as natural food preservatives to enhance food safety (Sagdic and others 2013).   

 

2.4.1. Lime  

Limes are widely used in foods such as beverages, dressings, and ceviche.  Limes 

are one of the citrus favored for their green color rather than the ripened yellow/orange 

color. There are different varieties of limes.  Citrus aurantiifolia (key lime) is a small 

variety of limes.  Unlike C. aurantiifolia, the Citrus x latifolia Tanaka is less acidic and 

larger, growing to about 4 - 6.25 cm wide and 5-7.5 cm high.  The fruits of C. x latifolia 

Tanaka are oval, usually with rounded base and raised ends.  Unlike the key lime, this 

variety is usually seedless.  C. x latifolia Tanaka is a hybrid of key lime and Citrus medica 

(citron) (Morton 1987b).  It has common names including Tahiti lime, Persian lime, and 

Bearss lime.  They are a triploid hybrid largely grown in India, Mexico, China, Argentina, 

and Brazil (Cantuarias-Avilés and others 2012).   

 Citrus fruits are popular due to their antioxidant potential and other health 

benefits.  The essential oil obtained from genus Citrus has been used in folk medicine as 

cholagogue, antipyretic, anti-inflammatory, sedative, and antitoxic agents (Kummer and 

others 2013).  As part of the citrus family, limes have high content of citric acid.  Lime 

contains up to 8% of citric acid in dry weight or 45.8 ± 6.86 g/L (Muller and others 1996; 

Kristinal L. Penniston and others 2009).  Lime essential oils also have antimicrobial 

properties (Jazet Dongmo and others 2008; Matewele 2010; Mahmud and others 2009).  
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Constituents in limes, such as organic acids, alcohols, phenols, terpenes and ketones, 

and their synergistic interactions are most likely responsible for the antimicrobial 

properties (Jazet Dongmo and others 2008).  In limes, flavanones constitute virtually all 

of the total flavonoids present.  The flavanones in limes are mostly rutinose glycosides 

of eriodictyol and hesperetin.   In limes, only one flavanone hesperidin is dominant. The 

sugar rutinose (6-O-a-Lrhamnosyl- D-glucose) is relatively high in limes.  Its flavanone 

glycosides, hesperidin and eriocitrin, have a neutral taste (Petersona and others 2006).   

 

2.4.2. Java plum 

  As a member of the family Myrtaceae, java plum (Syzygium cumini (Linn) Skeels) 

is pan-tropical in occurrence, growing abundantly in South America, Southeast Asia, and 

Australia.  Many species from this family are economically important food plants, 

agricultural crops, and ornamentals (Reynertson and others 2008).  Java plum is also 

known to grow in many regions of Indian sub-continent, such as India, Bangladesh, 

Burma, Nepal, Pakistan, Sri Lanka and Indonesia (Ayyanar and Subash-Babu 2012; 

Morton 1987a).  In the U.S., this plant is found in Hawaii and Florida, and in both areas it 

is considered an invasive species (NRCS).  Mynah birds had encouraged seed dispersal, 

and the plant became established semi-wide in Hawaii (Morton 1987a).   

Java plum fruits form in clusters of 10-40 and are oblong shaped, 1.25-5 cm long.  

They turn from green to light-magenta, then dark-purple when get ripe.  The fruits are 

usually astringent, and the flavor varies from acidic to sweet.  In Hawaii the fruits ripen 

in late summer to fall.  In some places, the java plums are made into tarts, sauces, jams, 
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and wine (Morton 1987a).  The fruits are reported to contain vitamin C, gallic acid, 

ellagic acid, isoquercetin, kaemferol, myrecetin, tannins, anthocyanins, includes 

cyanidin-, petunidin, malvidin-glucoside and other components (Banerjee and others 

2005; Ayyanar and Subash-Babu 2012).  Also, they are known to contain citric and mallic 

acid, with the sourness mainly being due to gallic acid (Ayyanar and Subash-Babu 2012).   

Having long been used in folk medicine, Java plum is astringent, stomachic, 

carminative, antiscorbutic, and diuretic (Morton 1987a).  This plant is one of the widely 

used plants in Ayurveda, the Indian traditional medical system, and other traditional 

medicines around the world (Ayyanara and others 2013).  Recently this plant has gained 

popularity in that it potential can help treat diabetes (Prince and others 1998; Sharma 

and others 2003; Singh and Gupta 2007) . 

 Java plum seed was found to have higher percentage yields of flavonoid (7.44%), 

saponin (3.36%) and total phenol (16.28%), whereas the percentage yields of alkaloid 

recorded were minimal (0.23%) (Bigoniya and others 2012).  Java plum is rich in 

carbohydrates, phenols, flavonoids, and tannins as its secondary metabolites.  Tannins 

extracted from the fruit have good DPPH radical scavenging activity and ferric 

reducing/antioxidant power. Research has found that java plum predominantly has 

ellagitannins as hydrolysable tannins and propelargonidin as 2,3-cis condensed tannins 

(Zhang and Lin 2009).  The antioxidant property of the fruit skin may come from 

antioxidant vitamins, phenolics or tannins and/or anthocyanins (Banerjee and others 

2005).   Java plum extract is a rich source of anthocyanins whose content is similar to or 
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more than the anthocyanin-rich fruits, such as blueberries, black currants, and 

blackberries (Singha and others 1991).  

  The phytochemicals known to have antioxidant power may also possess 

antimicrobial properties (Cowan 1999).  Ethanolic extracts of java plum leaves and 

aqueous extracts of its seeds were found to have inhibitory effect on selected Gram-

positive and Gram-negative bacterial strains (Prabhakaran and others 2011; Migliato 

and others 2010).   
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CHAPTER 3 

ANTIMICROBIAL EFFECT OF LIME (CITRUS X LATIFOLIA) JUICE ON FOODBORNE 

PATHOGENIC BACTERIA 

 

3.1 Introduction 

 Foodborne illness is a serious health issue and has a great economic burden 

worldwide.  In the United States, approximately 48 million people get sick annually due 

to ingestion of contaminated food, with 128,000 hospitalizations and 3,000 deaths (CDC 

2011).  Although norovirus accounts for 58% of foodborne illnesses, bacteria-caused 

foodborne illnesses have more severe outcomes (CDC 2011).  Due to foodborne 

pathogenic bacteria such as Campylobacter, Salmonella, Escherichia coli O157:H7, and 

Listeria monocytogenes, the economic loss is estimated at $6.9 billion (Crutchfield and 

Robers 2000).  Members of the genus Salmonella are responsible for the largest number 

of foodborne illness throughout the world.  Estimates indicate that there are about 1.03 

million illnesses, 19,533 hospitalizations and 378 deaths caused by Salmonella serotypes 

every year in the U.S. (CDC 2011).  Most people infected with Salmonella develop 

diarrhea, fever, vomiting,and abdominal cramps.  But certain serotypes may cause life 

threatening typhoid fever and bacteremia (Montville and Matthews 2008).   

  While contaminated egg, meat and poultry products are the most common 

sources in salmonellosis outbreaks, Salmonella infections have also been traced to 

consumption of mango, cantaloupe, cucumber, tomato, and even frozen ready-to-eat 
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products (CDC 2013).  This indicates that minimally cooked or processed foods, such as 

seafood, may pose a great risk for Salmonella infections.  The pathogen has been 

commonly isolated from shrimp and shrimp products (Wan Norhana and others 2010), 

which are usually lightly cooked.  According to the FDA detention data, one-quarter of 

the detained imports were for shrimp and prawns, with more than half due to presence 

of Salmonella (Allshouse and others 2004).  Therefore, it is urgently needed to develop 

effective non-thermal control measures for this pathogen in shrimp.   

 Citrus fruits are popular foods due to their antioxidant potential and other health 

benefits.  In addition to being a nutritious drink or snack, fruits from the Citrus genus 

can serve as antipyretic, anti-inflammatory, and sedative agents (Kummer and others 

2013).  Many citrus fruits are also known to have antimicrobial potential.  Essential oil 

extracted from peels of sour lime (C. acida) was found to have antibacterial and 

antifungal potentials (Mahmud and others 2009).  Similarly, essential oil obtained from 

fresh leaves of common limes (C. latifolia var. Tahiti) could combat fungi responsible for 

losses in Citrus fruit harvest (Dongmo and others 2008).  Sour orange (C. aurantium) 

juice, a commonly used flavoring and acidifying agent in Turkey, was found to have 

inhibitory effect on both Listeria monocytogenes and Salmonella Typhimurium 

(Karabıyıklı and others 2013).  The high acid content in citrus fruits is likely to influence 

their antimicrobial effects.   

In the Citrus genus, lemons and limes are known for containing more citric acid 

than their counterparts (Kristinal L. Penniston and others 2009).  These fruits are 

frequently used in cooking as flavor enhancers.  Ceviche, a traditional dish in coastal 
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regions of America, is made by marinating shrimps in lemon or lime.  Kelaguen, a 

popular Chamorro food, is prepared by mixing meat with lemon, onions, hot peppers, 

and grated coconut.  By finding the optimal amount of lemon juice used for the recipe, 

foodborne pathogenic bacteria inoculated in kelaguen could be controlled without 

affecting the palatability of the food (Yang and Lee 2009).  Marinated products are not 

only convenient to cook but also economically beneficial by extending the shelf-life.  A 

number of studies investigate the antimicrobial potential of various fruits such as 

pomegranates (Vaithiyanathan and others 2011) and lemons (Yang and others 2013) in 

marinating poultry and meat products.  Although citrus fruits are used to marinate foods, 

there are little studies that simulate such home practices especially in shrimps.  Since 

citrus juice may be a natural alternative to control pathogenic organisms in food, this 

study aimed to evaluate the bactericidal effect of lime juice on major foodborne 

pathogenic bacteria in synthetic media.  The antimicrobial property of lime juice against 

Salmonella was also investigated in inoculated shrimp during marination.   

 

 

3.2 Materials and methods 

Lime extraction procedure 

 Limes (Citrus x latifolia) were obtained from a local grocery store in Honolulu, 

Hawaii.  The fruits were manually juiced and filtered using cheesecloth.  Pulps and other 

byproducts were separated out by passing the juice through a metal mesh.  The juice 

was filtered with Whatman 4 Qualitative filter paper and then with 47 mm diameter 1.2 
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µm filter (Millipore).  Lastly, the juice was sterilized by filtering through 0.22 µm 

membrane (Nalgene) and kept at -20°C until use.   

 

Bacterial strains and growth media 

Escherichia coli O157:H7 strain C7927, Salmonella Typhimurium ATCC 14028, 

Staphylococcus aureus ATCC 25923 and Listeria monocytogenes strain F2365 were 

obtained from the Food Microbiology Laboratory, University of Hawai`i at Mānoa.  

Strains were stored in 15% glycerol at -80°C.  Each strain was activated by two 

successive transfers in trypic soy broth (TSB) at 35°C for 20 h.  One milliliter of the broth 

culture was serially diluted with 9 ml of 0.1% peptone water.  All microbiological media 

used in this study were obtained from BD Diagnostic Systems.    

 

Agar well diffusion test 

 Bacteria cultures were diluted with 0.1% of peptone water to reach 4-5 log 

CFU/ml.  One milliliter of the bacterial suspensions was mixed separately with 25 ml of 

warm plate count agar (PCA) at 45°C in sterile petri dish.  Upon cooling the agar, wells 

were punched using sterile glass Pasteur pipette (ASTM™ E 732 specifications 

Fisherbrand) in the laminar flow chamber.  Five two-fold dilutions of lime juice (50%, 

25%, 12.5%, 6.25%, and 3.125%) were made with distilled water.  In the well, 100 µl of 

water diluted juice samples were loaded.  The plates were left at room temperature for 

3 h to help the sample diffuse into the agar before incubating at 35°C.  The diameter of 

growth inhibition zone around the well was measured after 24 h.   
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Antimicrobial effect of lime juice on foodborne pathogenic bacteria in water and nutrient 

broth 

One milliliter of the bacterial culture was centrifuged at 16,100 RCF for 2 min 

and washed twice with 1 ml of water or nutrient broth in 1.5-ml microcentrifuge tubes 

(Eppendorf).  Lime juice of 50%, 25%, 12.5%, and 6.25% were tested against E. coli 

O157:H7, S. Typhimurium, S. aureus, and L. monocytogenes in water and nutrient broth 

respectively.  Washed cultures were added into 25 ml of prepared solutions to achieve 

final concentrations of ca 5 log CFU/ml.  After being thoroughly mixed, the sample was 

incubated at 35°C.  At specified time points, 1 ml of the sample was serially diluted with 

0.1% peptone water and 0.1 to 1ml of dilutions was spread plated onto PCA.  Colonies 

were counted after incubation at 35°C for 24 to 48h. 

 

Antimicrobial effect of lime juice on S. Typhimurium on shrimp 

Shelled, raw, frozen shrimps (Waterfront Bistro) were bought from a 

supermarket in Honolulu, HI.  A day prior of the experiment, shrimps were thawed 

overnight a 7°C.  Each shrimp was about 10 g.  To prepare for the inoculated samples, 

cells were washed as mentioned above but with 0.1% peptone water.  Shrimps were 

mixed in ca 6.5 log CFU/ml S. Typhimurium (1:2, weight to volume) using a magnetic 

stirrer at 125 rpm for 10 minutes in a 1-liter beaker.  Each shrimp was dried for a total of 

30 minutes.  The shrimps were flipped after 15 minutes to help dry the other side.  

Inoculated shrimps were separately soaked in water (control) and lime juice of 50%, 

25%, and 12.5% and incubated at 7°C for 48 h (1:2, weight to volume).  S. Typhimurium 
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was enumerated on the marinated shrimps at 0, 2, 4, 8, 24, and 48 h.  For bacterial 

enumeration, samples were homogenized with 9 times of 0.1% peptone water at 230 

rpm for 1 min with a stomacher (Seward, Stomacher 400 Circulator).  The resulting 

slurry was serially diluted with 0.1% peptone water and plated on agar media.  

Anticipating bacterial cell injury due to the treatments, we employed the cover plate 

method (Wu 2008) to recover and differentiate S. Typhimurium from background 

bacteria in the sample.  S. Typhimurium was grown on selective xylose lysine 

desoxycholate (XLD) and XLD covered PCA plates.  S. Typhimurium was left on PCA to 

recover and grow for 1 h at 35°C before covering with the XLD agar (Ray and Speck 

1978).  After the selective agar was solidified, the plates were incubated at 35°C for 48 

hours.   

  The experiments were repeated twice and conducted as a randomized complete 

block design with treatments, storage times, agars, and replicates.  The counts of S. 

Typhimurium were log-transformed and subjected to analysis of variance.  The least 

significant difference (LSD) was used to compare means of different treatments at 

different times at P<0.05. 

 

pH measurement of lime juice 

 Acorn pH 5 meter (Oaklon) was used to measure the pH of lime juice.  The pH 

readings for the different dilutions of lime juice in water and nutrient broth were taken.  

To check the pH of the shrimps soaked in diluted lime juice, un-inoculated lime juice-

treated shrimps were incubated for 0, 8, 24, and 48 h at 7°C.  The shrimps were 
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homogenized in marination (1:2, weight to volume).  The pH readings of the slurry were 

taken. 

 

Total polyphenol content of lime juice 

 Estimation of total polyphenol content of lime juice was performed using the 

Folin-Ciocalteu method (Payet and others 2006).  A stock solution of 5 mg/ml gallic acid 

in 95% methanol was prepared.  Eight working standards (25-200mg/L with 25 mg/L 

increments) were prepared from the gallic acid stock solution.  Thirty microliters of lime 

juice sample and 150 µl of 10% Folin-Ciocalteu reagent (Fisher Scientific) were pipetted 

into wells in a 96-well plate.  Then, 120 µl of 7.5% Na2CO3 were added into each well.  

The plate was incubated at 30°C for 1 h.  The absorbance was measured at 750 nm (Bio-

Rad, iMark).  The concentration of polyphenol in lime juice was calculated from the 

calibration curve of gallic acid.   The results were expressed as grams of gallic acid 

equivalent per kilogram of lime juice (GAE/kg).   

 

 

3.3 Results and Discussion 

Agar well diffusion test 

  As shown in Table 3.1, lime juice possesses strong antimicrobial properties.  

Undiluted lime juice generated inhibition zones of 2.7 ± 0.3, 2.2 ± 0.1, 2.7 ± 0.1, and 3.5 

± 0.1 against E. coli O157:H7, S. Typhimurium, S. aureus, and L. monocytogenes, 

respectively.  The minimum inhibitory concentration (MIC) was 25% against E. coli 
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O157:H7 and S. aureus, 12.5% against S. Typhimurium, and 6.25% against L. 

monocytogenes.   

 

 

Table 3.1. Inhibition zone (in cm) of lime juice against four foodborne pathogenic 

bacteria in agar well diffusion assay.   

 

Bacteria Concentration of lime juice 

100% 50% 25% 12.5% 6.25% 3.125% 

E. coli O157:H7 2.7±0.3 2.0±0.1 1.4±0.1 -a - - 

S. Typhimurium 2.2±0.1 1.8±0.2 1.5±0.0 1.2±0.1 - - 

S. aureus 2.7±0.1 1.9±0.2 1.2±0.2 - - - 

L. monocytogenes 3.5±0.1 2.4±0.4 1.9±0.1 1.4±0.3 1.0±0.1 - 

 

a No inhibition zone was observed. 
 
 
 

Antimicrobial effect of lime juice on foodborne pathogenic bacteria in water and nutrient 

broth 

  The antimicrobial effect of lime juice was further tested in liquid models: water 

(Figs 3.1a to 3.1d) and nutrient broth (Figs 3.2a to 3.2d).  Samples were inoculated with 

the four pathogenic bacteria to reach ca 5 log CFU/ml.  50% lime juice in water killed S. 

Typhimurium, S. aureus, and L. monocytogenes in 3h, 8h, and 48h, respectively.  E. coli 

O157:H7 was not completely inactivated in 48h. On the other hand the 50% treatment 

showed a 4-log reduction.  25% lime juice inactivated S. aureus in 24 h.  S. Typhimurium 
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was inactivated in the 25% and 12.5% treatments in 4 h and 8 h, respectively.  Similar to 

E. coli O157:H7, L. monocytogenes only showed a 1.5-log reduction for the 25% 

treatment by 48h (Figs 3.1a to 3.1d).   

 In the nutrient broth, all strains grew to 8-9 log CFU/ml within 24 h (Figs 3.2a to 

3.2d).  S. Typhimurium was most sensitive to the lime juice treatments.  The 50%, 25%, 

and 12.5% treatments killed S. Typhimurium in 10 min, 3 h, and 8 h, respectively.  50% 

killed E. coli O157:H7, S. aureus, and L. monocytogenes in 8 h, 3 h, and 5 h, respectively.  

The 25% treatment inactivated E. coli O157:H7, S. aureus, and L. monocytogenes in 24 h, 

4 h, and 12 h, respectively.  In comparison, E. coli O157:H7 showed the strongest 

resistance to lime juice treatments.     

  Interestingly, the survival pattern of the four pathogenic bacteria in lime juice-

supplemented water and nutrient broth changed with the bacteria.  The treatments 

seemed more effective in the nutrient broth than in the water.  This may be due to the 

bacteria rejecting to intake lime juice from the outside environment under starvation in 

water.  When there were nutrients around, the bacteria cells may have had their 

transport systems open thus allow nutrients and also the antimicrobial components in 

lime juice to enter the cells.  There may have also been a temperature effect on the 

organisms. 
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Figure 3.1a – Survival of Escherichia coli O157:H7 in water containing 0%, 12.5%, 25%, 
and 50% lime juice at room temperature.  
 

 

 
 

Figure 3.1b – Survival of Salmonella Typhimurium in water containing 0%, 12.5%, 25%, 

and 50% lime juice at room temperature.   
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Figure 3.1c – Survival of Staphylococcus aureus in water containing 0%, 12.5%, 25%, and 
50% lime juice at room temperature.  
 

 

 
 
Figure 3.1d – Survival of Listeria monocytogenes in water containing 0%, 12.5%, 25%, 
and 50% lime juice at room temperature.  
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Figure 3.2a – Growth and survival of Escherichia coli O157:H7 in nutrient broth 
containing 0%, 12.5%, 25%, and 50% lime juice at 35°C.   
 

 

 
 
Figure 3.2b – Growth and survival of Salmonella Typhimurium in nutrient broth 
containing 0%, 12.5%, 25%, and 50% lime juice at 35°C.   
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Figure 3.2c – Growth and survival of Staphylococcus aureus in nutrient broth containing 
0%, 12.5%, 25%, and 50% lime juice at 35°C. 
 

 

 
 
Figure 3.2d – Growth and survival of Listeria monocytogenes in nutrient broth 
containing 0%, 12.5%, 25%, and 50% lime juice at 35°C 
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Antimicrobial effect of lime juice on S. Typhimurium on shrimp 

 The survival of S. Typhimurium on shrimps marinated in diluted lime juice was 

determined.   Bacterial counts on selective XLD agar and the overlay agar are shown in 

Tables 3.2a and 3.2b, respectively.  Statistical analysis suggests that the two sets of data 

are significantly different (P < 0.001).  The counts on XLD were lower than those from 

the overlay method starting from 2h of marination.  The difference also depended on 

the concentration of treatments: lime juice of higher concentrations showed more 

differences between these two agar counts.  As shown in Table 3.2a, by 24 h the S. 

Typhimurium on shrimp treated in 50% lime juice was under the detection limit.  

However, when the overlay method was used (Table 3.2b), S. Typhimurium was counted 

at 3.64 log CFU/g.  This suggests that using only the selective agar may significantly 

overestimate the effect of the treatments.  Comparing to the control, the 50% 

treatment significantly reduced the count of S. Typhimurium by 0.66, 0.79, 2.07, and 

3.34 logs at 4 h, 8 h, 24 h, and 48 h, respectively (Table 3.2b).  There were no significant 

differences between the control and the 12.5% treatment by 48 h.  Comparing to the 

control, the 25% treatment showed a significant reduction of 0.78 log by 24 h (Table 

3.2b).  At 24 h, the XLD agar counts showed the 25% treatment caused a significant 

reduction in S. Typhimurium count (2.34 log) (Table 3.2a), but the overlay method 

implies the count remained stable (Table 3.2b).  These underestimates by the XLD agar 

indicate that treated S. Typhimurium cells were stressed and may not grow well on 

selective agars. 
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Table 3.2a.  Selective agar count of Salmonella Typhimurium (log CFU/g) on shrimp treated with 0%, 12.5%, 25%, and 50% 
lime juice during marination at 7°C.   The cells were enumerated on selective xylose lysine deoxycholate agar.  Values were 
expressed as means and standard deviations of triplicate measurements.   
 

Treatment Time (Hour) 

 0 2 4 8 24 48 

Control 5.30 (0.04)A, W 5.04 (0.01)A, W 4.71 (0.11)A, W 4.75 (0.22)A, 

W 
4.25 (0.36)A, 

W 
4.41 (0.21)A, 

W 
12.5% 5.10 (0.08)A, W 5.03 (0.16)A, W 4.90 (0.25)A, W 4.80 (0.50)A, 

W 
4.85 (0.01)A, 

W 
4.28 (0.24)A, 

W 
25% 5.24 (0.04)A, W 4.58 (0.21)A, W 4.63 (0.38)A, W 4.51 (0.67)A, 

W 
2.87 (0.81)B, X 2.48 (0.99)B, X 

50% 5.09 (0.07)A, W 3.87 (0.04)B, X 3.39 (0.12)B, X 1.50 (2.12)B, Y ---*C, Z ---*C, Z 

 
Means with different superscript letters (A through C) within the same column are significant different at P < 0.05.  Means 
with different superscript letters (W through Z) within the same row are significant different at P < 0.05.   
* count was under 1 log CFU/g. 
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Table 3.2b.  Overlay agar count of Salmonella Typhimurium (log CFU/g) on shrimp treated with 0%, 12.5%, 25%, and 50% lime juice 
during marination at 7°C.   The cells were enumerated on overlay method using selective xylose lysine deoxycholate agar.  Values 
were expressed as means and standard deviations of triplicate measurements.   
 

Treatment Time (Hour) 

0 2 4 8 24 48 

Control 5.36 (0.11)A, X 5.39 (0.12)A, X 5.53 (0.06)A, X 5.43 (0.25)A, X 5.71 (0.18)A, X 5.77 (0.20)A, X 
12.5% 5.15 (0.15)A, X 5.25 (0.19)A, X 5.17 (0.32)A, B, X 5.35 (0.20)A, X 5.28 (0.31)A, B, X 5.29 (0.23)A, B, X 
25% 5.15 (0.11)A, X 5.18 (0.06)A, X 5.15 (0.21)A, B, X 5.13 (0.38)A, X 4.93 (0.30)B, X 4.98 (0.24)B, X 
50% 5.04 (0.01)A, X 4.91 (0.13)A, X 4.87 (0.46)B, X 4.64 (0.37)B, X 3.64 (0.11)C, Y 2.43 (0.74)C, Z 

 
Means with different superscript letters (A through C) within the same column are significant different at P < 0.05.  Means with 
different superscript letters (X through Z) within the same row are significant different at P < 0.05.   
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 Other studies show there were no significant differences among counts on non-

selective trypic soy agar (TSA), overlay agar, and thin agar layer (another method that 

recovers the cells on TSA and differentiates targets from other bacteria on XLD) (P > 

0.05) for heat-injured S. Typhimurium cells.  All three methods recovered significantly 

higher numbers than selective XLD agar (P < 0.05) (Kang and Fung 2000).  Using overlay 

method has also recovered significantly higher numbers of stressed Enterobacter 

sakazakii cells compared to selective-differential agar (Al-Holy and others 2008).  

Several antimicrobial studies show their treatments were able to control the pathogens 

within a short period of time (Pao and others (2006).  For example, Choi and others 

(2012) tested the inhibitory effect of acidic sprays and aerosolized malic acid on 

Salmonella by plating the sample on XLD without recovery.  Since the treated cells were 

more than likely to be injured and became very sensitive to selective agents in XLD, the 

counts may be underestimated thus overestimating the effect of the antimicrobial 

treatments.  To obtain more accurate counts of bacterial cells, the overlay method or 

thin agar layer method should be employed in antimicrobial studies.   

 

pH measurement of lime juice 

 Chemical analysis was conducted to determine the acidity and quantify bioactive 

compounds in lime juice that might be responsible for its antimicrobial properties.  The 

pH of lime juice was 2.61 ± 0.04.  This value falls into range of values found in literature 

(pH 2.42 – 2.62) (Ziena 2000).  As a fruit from the citrus family, lime’s acidity comes from 

citric acid.  Lime contains up to 8% of citric acid in dry weight or 45.8 ± 6.86 g/L (Muller 
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and others 1996; Kristinal L. Penniston and others 2009).  The antimicrobial mechanism 

of citric acid or citrate is thought to be due to reduction of intracellular pH and by 

chelation of metal ions (Naidu 2000).  Supplementation of water and nutrient broth with 

50% lime juice reduced their pH values from 5.10 ± 0.12 to 2.59 ± 0.01 and from 6.92 ± 

0.02 to 2.72 ± 0.01, respectively (Table 3.3).   

 

 

Table 3.3.  pH values of water and nutrient broth containing lime juice of different 
concentrations.   
 
Concentration of lime 

juice 

pH of supplemented 

water 

pH of supplemented 

nutrient broth 

0% 5.10 ± 0.12 6.92 ± 0.02 
6.25% 2.88 ± 0.03 3.63 ±0.01 
12.50 2.76 ± 0.02 3.22 ± 0.01 
25% 2.67 ± 0.03 2.92 ± 0.02 
50% 2.59 ± 0.01 2.72 ± 0.01 

 
 

 

 Acidic stress to the bacterial cells drops the intracellular pH and alters the 

membrane structure, leading to a decrease in the activity of pH-sensitive enzymes 

(Baker-Austin and Dopson 2007).  To be effective as antimicrobial, organic acids should 

be uncharged (protonated) form so they may cross the bacterial cell membrane and get 

into the cytoplasm.  Once inside the cells, the neutral cytoplasmic pH causes the acid to 

dissociate.  The release of the proton acidifies the cytoplasm, causing bacterial cells to 
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use most of their energy for de-acidification of cytoplasm, thus affecting their growth 

(Brul and Coote 1999; Montville and Matthews 2008).   

  E. coli O157:H7 is known to be highly acid resistant and have sigma(S), 

glutamate-dependent, and arginine-dependent acid resistance (AR) systems (Price and 

others 2004).  The pathogen is also known to change its membrane lipid competition to 

survive in the environment.  Gordon and Small (1993) found these AR systems were able 

to protect the cells exposed in extremely low pH (pH 2.5).  None of these systems is 

present in S. Typhiurium.  Being enteric bacteria, Salmonella serotypes also have an acid 

resistance system (arginine decarboxylase acid resistance system).  However, arginine 

decarboxylase is known to get repressed under routine culture conditions. Therefore, 

the arginine decarboxylase acid resistance system cannot provide the necessary 

protection on Salmonella in acidic conditions (Brenneman and others 2013).  This may 

explain the resistance of E. coli O157:H7 and the sensitivity of S. Typhimurium in water 

and nutrient broth supplemented with lime juice (Figs 3.1a, 3.1b, 3.2a, and 3.2b).  

  S. aureus is able to grow in pH above 4.0, but it is sensitive to acidification 

(Medveďová and Valík 2012).  (Baker-Austin and Dopson 2007) reported complete 

inhibition of S. aureus at pH lower than 5.0.  In this study, the pH of all the treatments 

were well below pH 4.0 (Table 3.3). The results showed S. aureus cells were killed in all 

treatments but 12.5% lime juice within 24 h (Figs 3.1c and 3.2c), thus implying lime 

juice’s strong antimicrobial effect on this pathogen.   

  L. monocytogenes acquires increased acid tolerance during exponential growth 

upon exposure to sub-lethal acid stress (Davis and others 1996).  Acid tolerance 
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response in L. monocytogenes is hypothesized to be a complex response involving a 

modulation in the expression of a large number of genes.  In addition, acid resistance 

independent of the pH-dependent acid tolerance response was also seen during its 

stationary phase.  Therefore L. monocytogenes may have been found to survive along 

with E. coli O157:H7 in water and nutrient broth with lime juice supplements.   

 The pH values of lime juice-treated shrimp homogenates (Table 3.4) are all little 

higher than the initial numbers of lime juice-supplemented nutrient broth (Table 3.3).  

With increased marinating time, all the treated samples also increased in pH.  This 

increase in pH values in the shrimp could have been due to the natural buffering 

capacity of the shrimp as well as due to amine compounds produced due to spoilage 

(Wan Norhana and others 2009).   

 

 

Table 3.4 pH value of shrimp treated with lime juice of different concentrations at 0, 8, 
24, and 48 h during marination.  The homogenates made from treated shrimps were 
used for pH measurement.   
 

Concentration 
of lime juice 

Time (Hour) 

0 8 24 48 

0% 7.87 ± 0.06 7.95 ± 0.05 8.01 ± 0.12 7.97 ± 0.02 

12.5% 4.00 ± 0.15 4.21 ± 0.03 4.32 ± 0.06 4.72 ± 0.05 

25% 3.14 ± 0.04 3.64 ± 0.11 3.78 ± 0.10 4.13 ± 0.13 

50% 2.94 ± 0.06 3.23 ± 0.02 3.35 ± 0.04 3.55 ± 0.03 

100% 2.60 ± 0.03 2.96 ± 0.01 3.01 ± 0.10 3.14 ± 0.01 

 



45 
 

  In brine mixed with different organic acids (acetic, lactic combination or benzoic, 

citric and sorbic acids), Salmonella was found to survive at 2°C (Mejlholm and others 

2012).  After 24 h of marination, Salmonella Weltevreden was reduced by more than 6 

log (CFU/ml) within 24 h at pH 4.0, and to a smaller extent at pH 4.4 and 4.8.  

Unfortunately, when the organic acid contents were reduced, the survival of Salmonella 

increased.  Similar results were found in this study, with the treatments with low pH 

showing quick killing effect, but those with higher pH showing slow killing effect or no 

significant control of S. Typhimurium (Table 3.2b).  The 12.5% treatment with pH 4.0 

actually were unable to reduce the numbers of the pathogen, implying a mixture of 

organic acids with other antimicrobials, such as salts, may have stronger bactericidal 

potentials.  In another study, shrimps of near neutral pH (6.48–6.52) were washed with 

bilimbi and tamarind juices, the pH of shrimp was reduced by only 0.15–0.22, but results 

showed the treatments had antimicrobial effect (Wan Norhana and others 2009).  This 

certainly suggests organic acids are not the only antimicrobial compounds in citrus fruits. 

 

Total polyphenol content of lime juice 

  Phenolic compounds may have antimicrobial functions (Davidson and Naidu 

2000).  The total phenolic content in lime juice was calculated to be 50.4 ± 6.1 mg gallic 

acid equivalence/100 ml.  This study did not pursue further what specific phyto-phenols 

were contained in the lime juice, but flavonoid is known to be the major group of citrus 

secondary metabolites (Wang and others 2008).  There is a wide range in the numbers 

reported for phenolic content in lime, 90.1 – 242.0 mg GAE/100 g or ml (Guimarães and 
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others 2010; Ghafar and others 2010; Viana and others 2012).  The differences may be 

due to how the lime juice was prepared or processed.  As Beh and others (2012) found, 

fresh limes have 121.3 ± 14.4 GAE mg/100 ml, but commercial products of lime have 

31.0 ± 0.7 GAE mg/100 ml in total phenolic content.  Some flavonoid contents reported 

for lime juice are 4.3 ± 0.3 mg catechin equivalent/100 g (Guimarães and others 2010) 

and 10.67  ± 0.27 mg hesperidine equivalent/100 ml (Ghafar and others 2010).  In limes, 

the most abundant flavanones (a type of flavonoids) is hesperidin (15.64 ± 11.15 mg 

aglycone/100 g) (Londoño-Londoño and others 2010; Petersona and others 2006).  

These numbers show flavonoids are consisted largely in the total phenolic contents in 

limes.  Flavonoids are likely to be associated with antioxidant properties of the natural 

extracts, but it is also associated with their antimicrobial properties.  Flavonoids are 

ubiquitous in nature and thought to have a variety of antimicrobial mechanisms, such as 

disrupting microbial membranes and interfering with enzyme activities (Cowan 1999; 

Cushnie and Lamb 2005; Daglia 2012).  Since acids and phyto-phenolic compounds have 

long been consumed, these natural phytochemicals appear to be safe compared to new 

synthetic preservatives (Naidu 2000).   

 

 

3.4 Conclusions 

  In conclusion, these results indicate that lime juice has strong antimicrobial 

activity against E. coli O157:H7, S. Typhimurium, S. aureus, and L. monocytogenes in 
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water and nutrient broth.  Under refrigeration, S. Typhimurium was found to be stable 

on shrimp.  When the shrimp was treated with 50% lime juice, S. Typhimurium was 

reduced significantly compared to control, exhibiting lime juice’s strong bactericidal 

effect.  The results also demonstrated the use of overlay method is crucial for 

enumeration of S. Typhimurium when the cells are exposed to high acidic and/or 

phenolic compounds.  As a natural product with high citric acid and flavonoid contents, 

lime juice possesses triple functionality as flavoring, antioxidant, and food preservative.   
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CHAPTER 4 
 

ANTIMICROBIAL EFFECT OF JAVA PLUM (SYZYGIUM CUMINI) JUICE ON 

FOODBORNE PATHOGENIC BACTERIA 

 

4.1 Introduction 

  Java plum (Syzygium cumini (Linn) Skeels) is a plant of the family Myrtaceae.  

This plant is widely used in Ayurveda, the Indian traditional medical system, and other 

folk medicine around the world (Ayyanara and others 2013).  Some usage of the plant 

includes being stomachic, carminative, antiscorbutic, diuretic, and treatment for 

diabetes (Morton 1987a; Prince and others 1998; Sharma and others 2003; Singh and 

Gupta 2007).  In Hawai`i this plant is considered an invasive species under Natural 

Resources Conservation Service (NRCS).  In some countries, java plums are made into 

tarts, sauces, jams, and wines (Morton 1987a; Chowdhury and Ray 2007). 

 Previous research show that plants with high phenolic compounds may have 

antimicrobial potentials.  Examples of this type of plants are cranberries (Côté and 

others 2011), pomegranates (Hayrapetyan and others 2012), and spices such as thyme 

and oregano (Sagdic and others 2013).  With dark purple skins, these plants are likely to 

hold high contents of polyphenols (ex: anthocyanin and tannin).  Many studies have 

investigated the bioactive compounds and their antioxidant properties of java plum 

(Faria and others 2011; Zhang and Lin 2009).  However, very little is known about the 

ability of this fruit to control foodborne pathogens.   
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  Foodborne illness is a serious health issue and has a great economic burden 

worldwide.  They cause approximately 48 million illnesses, 128,000 hospitalizations, and 

3,000 deaths every year in the United States (CDC 2011).  Escherichia coli O157:H7, 

Salmonella, Staphylococcus aureus, and Listeria monocytogenes are common foodborne 

pathogenic bacteria, with Salmonella being the leading cause of bacterial foodborne 

infections (CDC 2011).  Surprisingly, nearly 4.9 million cases (≈51%) of foodborne illness 

are annually associated with plant commodities (Painter and others 2013).  This 

suggests that fruits and vegetables are common vehicles for the transmission of 

foodborne pathogens.  In recent years, there have been several high consequence 

outbreaks on fruits such as pomegranates, mangoes, and cantaloupe (CDC 2013).  In 

2011 Listeria monocytogenes contaminated cantaloupe made 147 people infected, 143 

hospitalized, and resulted with 33 deaths.  Infections were reported from 28 states and 

the news attracted statewide attention as a multistate outbreak.  The company recalled 

4,800 individual packages of fresh cut cantaloupe and mix (CDC 2012b).  In 2012, there 

was also a cantaloupe related outbreak but was caused by strains of Salmonella 

Typhimurium and S. Newport.  In this multistate outbreak, reports came from 24 states 

with a total of 261 people infected, 94 people hospitalized, and 3 deaths (CDC 2012c). 

To enhance the microbiological safety of cantaloupe, most previous experiments 

test on decontamination of the rind of cantaloupe but not on cut fruits.  Salmonella 

Typhimurium is found to internalize in fresh-cut cantaloupe in 10 h at room 

temperature (Chimbombi and others 2013).  Surface treatment of the fruit may not 

affect internalized pathogens.  This highlights need to treat cantaloupe right after being 
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cut.  Meanwhile, L. monocytogenes’s generation time on cantaloupe pulp is much 

shorter than on other fruits such as watermelon and papaya.  At 10°C, the generation 

time is 7.12, 13.03, and 15.05 h on these three types of fruits, respectively (Penteado 

and Leita˜o 2004).  Thus at the particular temperature, L. monocytogenes on cantaloupe 

may readily reach 9 log CFU/g in one week, posing a serious risk to public health.   

  The objective of this study was to test the antimicrobial potential of java plum 

juice on major foodborne pathogenic bacteria in synthetic media.  The antimicrobial 

activity of java plum juice against S. Typhimurium and L. monocytogenes on cut 

cantaloupe was also studied.   

 

 

4.2 Materials and Methods 

Java plum juice extraction 

 Java plums were obtained from the University of Hawai`i at Mānoa Campus.   

The fruits were manually juiced and filtered using cheesecloth.  Pulps and other 

byproducts were separated out by passing the juice through a metal mesh.  The juice 

was filtered with Whatman 4 Qualitative filter paper and then with 47 mm diameter 1.2 

µm filter (Millipore).  Lastly, the juice was sterilized by filtering through 0.22 µm 

membrane (Nalgene) and kept at -20°C until use.   
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Bacterial strains and growth media 

Escherichia coli O157:H7 strain C7927, Salmonella Typhimurium ATCC 14028, 

Staphylococcus aureus ATCC 25923 and Listeria monocytogenes strain F2365 were 

obtained from the Food Microbiology Laboratory, University of Hawai`i at Mānoa.  

Strains were stored in 15% glycerol at -80°C.  Each strain was activated by two 

successive transfers in trypic soy broth (TSB) at 35°C for 20 h.  One milliliter of the broth 

culture was serially diluted with 9 ml of 0.1% peptone water.  All microbiological media 

used in this study were obtained from BD Diagnostic Systems.    

 

Agar well diffusion test 

Bacteria cultures were diluted with 0.1% of peptone water to reach 4-5 log 

CFU/ml.  One milliliter of the bacterial suspensions was mixed separately with 25 ml of 

warm plate count agar (PCA) at 45°C in sterile petri dish.  Upon cooling the agar, wells 

were punched using sterile glass Pasteur pipette (ASTM™ E 732 specifications 

Fisherbrand) ends in the laminar flow chamber.  Four two-fold dilutions of java plum 

juice (50%, 25%, 12.5% and 6.25%) were made with distilled water.  In the well, 100 µl of 

water diluted juice samples were loaded.  The plates were left at room temperature for 

3 h, to help the sample diffuse into the agar, before incubating at 35°C.  The diameter of 

growth inhibition zone around the well was measured after 24 h.   
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Antimicrobial effect of java plum juice on foodborne pathogenic bacteria in nutrient 

broth 

One milliliter of the bacterial culture was centrifuged at 16,100 RCF for 2 min 

and washed twice with 1 ml of nutrient broth (NB) in 1.8-ml microcentrifuge tubes 

(Eppendorf).  Java plum juice of 50%, 25%, 12.5%, and 6.25% were tested against E. coli 

O157:H7, S. Typhimurium, S. aureus, and L. monocytogenes in nutrient broth.  Washed 

cultures were added into prepared solutions to each 25 ml and achieve final 

concentrations of ca 5 log CFU/ml.  After being thoroughly mixed, the sample was 

incubated at 35°C.  At specified time points, 1 ml of the sample was serially diluted with 

0.1% peptone water and 0.1-1ml was spread plated onto PCA.  Colonies were counted 

after incubation at 35°C for 24 to 48h. 

 

Antimicrobial effect of java plum juice on S. Typhimurium and L. monocytogenes on cut 

cantaloupe 

Whole cantaloupes were purchased in a local supermarket (Honolulu, HI).  The 

cantaloupes were stored at 7°C and brought to ambient temperature prior to the start 

of experiment.  Methodology of Danyluk and others (2014) was slightly modified.  The 

whole fruit was washed under running water with brush and then air dried.  The fruit 

was sliced into wedges with the rinds removed with sterile knives. The cantaloupe was 

further cut into approximately 1.5 cm3 cubes.  The weight of each cube was 3.1 ± 0.1 g.   

The effect of java plum juice on background bacteria and inoculated pathogenic 

bacteria on cantaloupe was determined.   To prepare for the inoculum, S. Typhimurium 
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and L. monocytogenes cells were washed as mentioned earlier but with 0.1% peptone 

water.  Cantaloupe cubes were mixed in the bacterial solution of ca 6.5 log CFU/ml (1:5, 

weight to volume) using a magnetic stirrer at 125 rpm for 10 minutes in a one liter 

beaker (Sagdic and others 2013).  The cubes were then dried for one hour at room 

temperature.  Un-inoculated and inoculated cantaloupes cubes were separately soaked 

for 1 h in 50%, 25%, 12.5% and 6.25% java plum juice and water (control).  Then three 

cubes (ca 10 g) were distributed into stomacher bags and incubated at 7°C for 8 days.  

The background bacteria and the inoculated pathogens were enumerated in un-

inoculated and inoculated samples, respectively, on day 0, 4, and 8.  For bacterial 

enumeration, samples were homogenized with 9 times of 0.1% peptone water at 230 

rpm for 1 min with a stomacher (Seward, Stomacher 400 Circulator).  The resulting 

slurry was serially diluted with 0.1% peptone water and plated on agar media.  

Background bacteria were grown on PCA.  Anticipating bacterial cell injury due to the 

treatments, we employed the cover plate method (Wu 2008) to recover and 

differentiate S. Typhimurium and L. monocytogenes from background bacteria in the 

sample.  S. Typhimurium was grown on xylose lysine desoxycholate (XLD), and XLD 

covered PCA plates.  L. monocytogenes was grown on modified Oxford (MOX), and MOX 

covered PCA plates.  For the cover plate, S. Typhimurium was left to recover and grow 

for 1 h on PCA at 35°C before covering with the XLD agar (Ray and Speck 1978).  With L. 

monocytogenes, 3 h were given to recover until covering with the MOX agar because it 

grows slower than enteric bacteria.  After the selective agar was solidified, the plates 

were incubated at 35°C for 48 hours.   
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The experiments were repeated twice and conducted as a randomized complete 

block design with treatments, storage times, agar, and replicates.  The counts of 

background bacteria, S. Typhimurium and L. monocytogenes were log-transformed and 

subjected to analysis of variance.  The least significant difference (LSD) was used to 

compare means of different treatments at different times at P<0.05. 

 

pH measurement of java plum juice 

 Acorn pH 5 meter (Oaklon) was used to measure the pH of java plum juice.  The 

pH readings for the different dilutions of java plum juice in nutrient broth were taken.  

To check the pH of cantaloupe soaked in diluted java plum juice, cubes of cantaloupes 

were left in the solution for 1 h, similarly to the inoculated samples.  Cantaloupe cubes 

were homogenized in distilled water (1:2, weight to volume). The pH readings of the 

slurry were taken. 

 

Total polyphenol content of java plum juice  

Estimation of total polyphenol content of java plum juice was performed using 

the Folin-Ciocalteu method (Payet and others 2006).  A stock solution of 5 mg/ml gallic 

acid in 95% methanol was prepared.  Eight working standards (25-200mg/L with 25 

mg/L increments) were prepared from the gallic acid stock solution.  Thirty microliters of 

sample and 150 µl of 10% Folin-Ciocalteu reagent (Fisher Scientific) were pipetted into 

wells in a 96-well plate.  Then, 120 µl of 7.5% Na2CO3 was added into each well.  The 

plate was incubated at 30°C for 1 h.  The absorbance was measured at 750 nm (Bio-Rad, 
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iMark).  The concentration of polyphenol in java plum juice was calculated from the 

calibration curve of gallic acid.   The results were expressed as grams of gallic acid 

equivalent per kilogram of sample (GAE/kg of sample).  

 

Tannin content of java plum juice  

Tannin in java plum juice was measured using a modified method found on 

Carnegie Institution of Science website (2011).  First, 37.5 µl of java plum sample was 

mixed with 712.5 µl of 100% methanol by vortexing for 2 minutes.  0.75 ml of 95% 

methanol in water (vol/vol) was added to the sample and homogenized again.  The 

aliquot (0.75ml) was transferred to a new Eppendorf tube, added 0.75 ml of 95% 

methanol, and shaken again.  0.5 ml of this aliquot was then transferred to tubes 

containing 0.5 ml of 100% methanol and 10 mg of polyvinylpyrrolidone (PVP).  After 10 

seconds of vortex, the mix was incubated on ice for 30 min.  After incubation, samples 

were centrifuged at 3000 g for 10 min.  To run a second precipitation step, 0.75 ml of 

supernatant was transferred into a new tube with 10 mg of PVP.  The previous vortex, 

incubation, and centrifugation step was repeated.  This resulting aliquot was used for 

Folin-Ciocalteau Assay.  Tannin content was calculated by subtracting its absorbance 

reading from total phenolic content (non-precipitated counterpart).   

 

Anthocyanin content of java plum juice 

Total monomeric anthocyanin content of java plum juice was determined 

according to the method described by Lee and others (2005).  First, 0.025 M potassium 
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chloride buffer (pH 1.0) and 0.4 M sodium acetate buffer (pH 4.5) were made by using 

hydrochloric acid to adjust the pH of two buffers.  One part of sample was diluted with four 

parts of the two buffers separately so as not to exceed the buffer capacity of the 

reagents.  Sample was diluted with the pH 1.0 buffer until the absorbance at 520 nm 

was within the linear range of the spectrophotometer (Shimadzu UV-160).  The same 

dilution was used for the pH 4.5 buffer.  The absorbance was measured at both 520 nm 

and 700 nm for the two buffer diluted samples within 20-50 min of preparation.  

Distilled water was used as blank.  The anthocyanin content was calculated according to 

the equations below.    

A = (A520nm – A700nm)pH 1.0 – (A520nm – A700nm)pH4.5 

Monomeric anthocyanin pigment (mg/L) = (A x MW x DF x 1000)/(εx 1)  

MW is the molecular weight, DF is the dilution factor, ε is the molar absorptivity, and 1 

is for a standard 1 cm path length.  The molecular weight (MW = 449.2 g mol_1) and 

molar absorptivity (ε = 26,900 L cm-1 mol-1) for cyanidin-3-glucoside were used.  Total 

monomeric anthocyanin content was reported as milligrams anthocyanins per 100 g 

fresh weight or dry weight (mg cyanidin-3-glucoside/100 g fw or dw) (Bridgers and 

others 2010; Truong and others 2012; Schwartz 1998).  
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4.3 Results and Discussion 

Agar well diffusion test 

As shown in Table 1, java plum juice possesses strong antimicrobial properties.  

Undiluted java plum juice generated inhibition zones of 1.5 ± 0.2, 2.6 ± 0.5, 1.5 ± 0.1, 

and 2.4 ± 0.2 cm against E. coli O157:H7, S. Typhimurium, S. aureus, and L. 

monocytogenes, respectively.  The minimum inhibitory concentration (MIC) was 25% 

against E. coli O157:H7 and L. monocytogenes.  The MIC was 50% against S. 

Typhimurium and S. aureus.   

Table 4.1 – Inhibition zone (in cm) of java plum juice against four foodborne pathogenic 

bacteria in agar well diffusion assay.   

 

Bacteria Concentration of java plum juice 

100% 50% 25% 12.5% 

E. coli O157:H7 1.5±0.2 1.1±0.1 0.9±0.2 -a 

S. Typhimurium 2.6±0.5 1.8±0.4 - - 

S. aureus 1.5±0.1 1.0±0.1 - - 

L. monocytogenes 2.4±0.2 1.5±0.1 0.9±0.1 - 

 
a No inhibition zone was observed. 

 

 

 

 

Antimicrobial effect of java plum juice on foodborne pathogenic bacteria in nutrient 

broth 

The antimicrobial effect of java plum juice on the four pathogenic bacteria was 

further tested in nutrient broth.  All strains grew to 8-9 log CFU/ml in nutrient broth 

within 24 h (Figs 4.1a to 4.1d).  50% java plum juice killed S. Typhimurium and S. aureus 

in 12 h as well as E. coli O157:H7 and L. monocytogenes in 24 h.  The four bacteria 
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responded differently to java plum juice at lesser concentrations in nutrient broth.  For 

the 6.25% treatment, S. Typhimurium and S. aureus multiplied in the mixture.  Unlike 

the control, 6.25% java plum juice controlled the growth of L. monocytogenes in 

nutrient broth.  The treatment completely inactivated E. coli O157:H7 in 72 h. 
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Figure 4.1a.  Growth and survival of Escherichia coli O157:H7 in nutrient broth 

containing 0%, 6.25%, 12.5%, 25%, and 50% java plum juice at 35°C.   

 

 

 

 

 
 

Figure 4.1b.  Growth and survival of Salmonella Typhimurium in nutrient broth 

containing 0%, 6.25%, 12.5%, 25%, and 50% java plum juice at 35°C.   
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Figure 4.1c.  Growth and survival of Staphylococcus aureus in nutrient broth containing 

0%, 6.25%, 12.5%, 25%, and 50% java plum juice at 35°C.   

 

 

 

 

 
 

Figure 4.1d.  Growth and survival of Listeria monocytogenes in nutrient broth containing 

0%, 6.25%, 12.5%, 25%, and 50% java plum juice at 35°C.   
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Antimicrobial effect of java plum juice on S. Typhimurium and L. monocytogenes on cut 

cantaloupe 

The aerobic plant count of fresh cut cantaloupe was 1.79 ± 1.25 log CFU/g (Table 

4.2), similar to the count reported by Ukuku and Sapers (2007) (3.2 ± 0.11 log CFU/g).  

The background bacteria gained significant growth during the shelf life of cut cantaloupe.  

The count increased to 6.63 ± 1.11 log CFU/g and 8.87 ± 0.85 log CFU/g on day 4 and day 

8, respectively.  Treating fresh cut cantaloupe with 50% java plum juice significantly 

reduced the count of background bacteria to 2.53 ± 1.73 log CFU/g and 6.70 ± 0.35 log 

CFU/g on day 4 and day 8, respectively.  The count did not increase significantly during 

the first four days.  This suggests that the treatment can help extend the shelf life of cut 

cantaloupe. 

 

 

Table 4.2.  Aerobic plate count (log CFU/g) of cut cantaloupe treated with 0%, 12.5%, 

25%, and 50% java plum juice during storage at 7°C.  Values were expressed as means 

and standard deviations of triplicate measurements.   

 

Treatment Time (Day) 

0 4 8 

 Control  1.79 (1.25)A, X 6.63 (1.11)A, Y 8.87 (0.85)A, Z 

12.5% 1.00 (1.55) A, X 6.65 (1.30)A, Y 9.48 (0.41)A, Z 

25% 0.50 (1.00) A, X 6.12 (1.40)A, Y 9.23 (0.44)A, Z 

50% 1.08 (1.25) A, X 2.53 (1.73)B, X 6.70 (0.35)B, Y 

 

Means with different superscript letters (A and B) within the same column are 

significant different at P < 0.05.  Means with different superscript letters (X through Z) 

within the same row are significant different at P < 0.05.   
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The survival and growth of L. monocytogenes on cut cantaloupe treated in 

diluted java plum juice are shown in Figures 4.3.a and 4.3b, which were derived from 

counts on selective MOX and using the overlay method, respectively.  Statistical analysis 

suggests that these two sets of data are not significantly different and they follow the 

same trend.  On day 4, the count of 12.5%, 25%, and 50% treatments was 1.23, 2.69, 

and 3.70 logs lower than the count of control, respectively.  On day 8, the count of 

12.5% treatment was not significantly different that of control.  But 25% and 50% 

treatments still significantly reduced the count by 0.55 and 2.33 logs, respectively (P < 

0.05) (Fig 4.2). 

 

 

Table 4.3a.  Selective agar count of Listeria monocytogenes (log CFU/g) on cut 

cantaloupe treated with 0%, 12.5%, 25%, and 50% java plum juice during storage at 7°C.  

The cells were enumerated on selective modified Oxford agar.  Values were expressed 

as means and standard deviations of triplicate measurements.   

 

Treatment Time (Day) 

0 4 8 

Control 5.59 (0.18)A, X 8.84 (0.07)A, Y 9.37 (0.25)A, Z 

12.5% 5.45 (0.30)A, X 7.52 (0.12)B, Y 8.97 (0.66)A, B, Z 

25% 5.45 (0.17)A, X 6.13 (0.33)C, Y 8.84 (0.07)B, Z 

50% 5.26 (0.30)A, X 5.18 (0.28)D, X 7.12 (0.71)C, Y 

 

Means with different superscript letters (A through D) within the same column are 

significant different at P < 0.05.  Means with different superscript letters (X through Z) 

within the same row are significant different at P < 0.05.   
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Table 4.3b. Overlay agar count of Listeria monocytogenes (log CFU/g) on cut cantaloupe 

treated with 0%, 12.5%, 25%, and 50% java plum juice during storage at 7°C.  The cells 

were enumerated using the overlay method.  Values were expressed as means and 

standard deviations of triplicate measurements.   

 

Treatment Time (Day) 

 0 4 8 

Control 5.63 (0.06)A, X 8.93 (0.03)A, Y 9.48 (0.68)A, Z 

12.5% 5.47 (0.08)A, X 7.70 (0.20)B, Y 9.24 (0.67)A, B, Z 

25% 5.44 (0.04)A, X 6.24 (0.52)C, Y 8.93 (0.03)B, Z 

50% 5.26 (0.30)A, X 5.23 (0.21)D, X 7.15 (0.67)C, Y 

 

Means with different superscript letters (A through D) within the same column are 

significant different at P < 0.05.  Means with different superscript letters (X through Z) 

within the same row are significant different at P < 0.05.   

 

 

 

 

The survival and growth of S. Typhimurium on cut cantaloupe treated in diluted 

java plum juice are shown in Tables 4.4a and 4.4.b, which were derived from counts on 

selective XLD and using the overlay method, respectively.  Statistical analysis suggests 

that these two sets of data are significantly different.  The counts on XLD were lower 

than those from the overlay method on days 4 and 8.  The difference also depended on 

the concentration of java plum juice.  According to Table 4.4b, the count of 12.5% 

treatment increased significantly during the first four days, similar to that of control.  

Treating the fruit with 25% java plum juice controlled the growth of S. Typhimurium on 

cut cantaloupe, on which the count remained stable.  Comparing to the control, the 50% 

treatment significantly reduced the count of S. Typhimurium by 0.67, 2.86, and 3.41 logs 

on day 0, day 4 and day 8, respectively.  
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Table 4.4a. Selective agar count of Salmonella Typhimurium (log CFU/g) on cut 

cantaloupe treated with 0%, 12.5%, 25%, and 50% java plum juice during storage at 7°C.  

The cells were enumerated on selective xylose lysine decarboxylase agar.  Values were 

expressed as means and standard deviations of triplicate measurements.   

 

Treatment Time (Day) 

0 4 8 

Control 5.90 (0.12)A, X 6.70 (0.28)A, Y 6.33 (0.18)A, Y 

12.5% 5.73 (0.11)A, X 5.81 (0.26)B, X 6.16 (0.47)A, X 

25% 5.67 (0.12)A, X 4.71 (0.33)C, Y 4.11 (0.41)B, Z 

50% 4.84 (0.18)B, X 3.30 (0.15)D, Y 3.03 (0.21)C, Y 

 

Means with different superscript letters (A through D) within the same column are 

significant different at P < 0.05.  Means with different superscript letters (X through Z) 

within the same row are significant different at P < 0.05.   

 

 

 

 

 

Table 4.4b. Overlay agar count of Salmonella Typhimurium (log CFU/g) on cut 

cantaloupe treated with 0%, 12.5%, 25%, and 50% java plum juice during storage at 7°C.  

The cells were enumerated using the overlay method.  Values were expressed as means 

and standard deviations of triplicate measurements.   

 

Treatment Time (Day) 

0 4 8 

Control 5.94 (0.02)A, X 6.99 (0.13)A, Y 7.12 (0.28)A, Y 

12.5% 5.85 (0.03)A, X 6.70 (0.25)A, Y 6.71 (0.81)A, Y 

25% 5.78 (0.04)A, X 5.90 (0.25)B, X 5.96 (0.05)B, X 

50% 5.27 (0.10)B, X 4.13 (0.34)C, Y 3.71 (0.06)C, Y 

 

Means with different superscript letters (A through C) within the same column are 

significant different at P < 0.05.  Means with different superscript letters (X through Z) 

within the same row are significant different at P < 0.05.   
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  Being psychrotrophic, L. monocytogenes was able to grow on the cantaloupe 

under refrigeration.  This can clearly be seen with the increase of bacteria every four 

days in the control and some of the treatments (Table 4.3b).  Similarly, Fang and others 

(2013) found at 8°C, L. monocytogenes was able to reach 9 log CFU/ml by a week.  S. 

Typhimurium also achieved significant growth on untreated and 12.5% java plum juice-

treated cantaloupe cubes during the first four days but at a much slower rate than L. 

monocytogenes (Table 4.4b). The 50% treatment can significantly slow down the growth 

of L. monocytogenes on cut cantaloupe (Table 4.3b).  More notably, the treatment 

actually shows good bactericidal effect on S. Typhimurium on cut cantaloupe (Table 4.b).   

 Results also indicate that the Gram negative bacterium S. Typhimurium is more 

susceptible to the selective agar than the Gram positive bacterium L. monocytogenes.  

Data shows that there was no significant difference in the agar (selective versus overlay) 

methods for counting L. monocytogenes (P = 0.17).  There were also no significant 

difference in the interactions of the agar-treatment (P = 0.91) or agar-time (P = 0.70).  

This means that L. monocytogenes could be enumerated on the selective agar, MOX, 

without underestimating its survival and growth on java plum juice treated cut 

cantaloupe.   

  On the other hand, the results from the S. Typhimurium experiment show a 

significant difference (P < 0.001) between plating on selective XLD (Table 4.4a) and using 

the overlay method (Table 4.4b).  The interactions of agar-treatment (P = 0.016) and 

agar-time (P < 0.001) were both significant.  This indicates that when S. Typhimurium 

was exposed to higher concentrations of java plum juice, the cells were more severely 
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injured and need to be recovered on nonselective PCA before being counted on 

selective XLD.  This effect is more evident with longer storage time.  Emphasis should be 

put on the results for the 25% treatment.  Base on counts from XLD, one would be 

under an impression the treatment was able to reduce S. Typhimurium on cut 

cantaloupe.  Yet looking at the corresponding data collected by using the overlay 

method, the level of S. Typhimurium was actually rather stable, suggesting the cells 

were most likely injured.  Therefore, the overlay method should be employed while 

enumerating S. Typhimurium in foods in order to avoid underestimation of the 

pathogen.   

 

pH measurement of java plum juice 

Chemical analysis was conducted to determine the acidity and quantify bioactive 

compounds in java plum juice that might be responsible for its antimicrobial properties.  

The pH of java plum juice was 3.12 ± 0.02.  The high acidity is due to the citric, malic, 

and gallic acid contained in the fruits (Ayyanar and Subash-Babu 2012).  

Supplementation of nutrient broth with java plum juice reduced its pH from 6.88 ± 0.16 

to 3.32 ± 0.02 in the 50% mixture (Table 4.5).  The pH values of the homogenates of 

cantaloupe treated with java plum juice of difference concentrations were all higher 

than the initial numbers of supplemented nutrient broth (Table 4.6).  This factor may 

help pathogenic bacteria proliferate on cut surfaces of cantaloupe by providing a 

buffered, more neutral environment.  S. Typhimurium is able to grow at pH 4.0, with 

generation time of about 2.5 h at 37°C.  But it cannot survive pH any lower than 3.0 (Lin 
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and others 1995).  Looking back to the pH values of the treatment mixtures with 

nutrient broth, the 12.5% treatment has a pH value close to 4.0 but the cells died at this 

juice concentration (Figure 4.1b).  The 6.25% treatment has a pH value of 4.42 ± 0.01, 

under which this organism grew significantly within 12 h.  For the other treatment 

mixtures that controlled S. Typhimurium in nutrient broth, the pH values are between 

3.1 and 4.0 (Tables 4.5).  This indicates that the acidity of java plum juice plays an 

important role in inhibiting and killing S. Typhimurium.  With increased storage time, all 

the treated samples increased in pH.  This increase in pH values in cantaloupe could 

have been due to the natural buffering capacity of the cantaloupe as well as due to 

amine compounds produced due to spoilage (Wan Norhana and others 2009). 

 

 

Table 4.5.  pH values of nutrient broth containing java plum juice of different 

concentrations.   

 

Concentration of java plum juice  pH of supplemented nutrient broth 

0% 6.88 ± 0.16 
6.25% 4.42 ± 0.01 
12.50 3.97 ± 0.02 
25% 3.60 ± 0.02 
50% 3.32 ± 0.02 
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Table 4.6.  pH values of cantaloupe cubes treated with java plum juice of different 

concentrations for 0, 4, and 8 days.  The homogenates made from treated cantaloupe 

cubes were used for pH measurement.   

 

Concentration of java 
plum juice 

Days 

0 4 8 

0% 6.69 ± 0.09 7.17 ± 0.07 7.22 ± 0.22 

6.25% 6.43 ± 0.12 6.85 ± 0.16 6.86 ± 0.26 

12.5% 6.19 ± 0.10 6.81 ± 0.09 6.62 ± 0.08 

25% 5.50 ± 0.09 6.11 ± 0.15 6.16 ± 0.14 

50% 5.04 ± 0.13 5.23 ± 0.09 5.43 ± 0.09 

 

 

Chemical analysis of java plum juice  

 In addition to acidity, the antimicrobial properties of plant extracts are also 

hypothesized to be strongly related to their phenolic compounds (Davidson and Naidu 

2000).  Cranberries, a fruit known to have high content of antioxidant phenols, were 

tested for its antimicrobial effectiveness at neutral pH.  The results confirmed the 

antimicrobial properties were not solely based on low pH (Lacombe and others 2010).  

The total phenol content of the java plum juice tested in this study was found to be 

201.4 ± 69.1 mg GAE/100ml.  Others reported there were 148 to 560 mg GAE/100 g of 

java plum (Faria and others 2011; Benherlal and Arumughan 2007; Luximon-Ramma and 

others 2003; Veigas and others 2007).  What should also be taken into consideration is 

there is a tendency for values obtained with the Folin-Ciocalteu assay to be 

overestimated due to the presence of sucrose, glucose, fructose, and proteins in the 

sample (Payet and others 2006).  This could have been the reason why there was an 
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overestimate in the tannin content of the java plum juice (91.5 ± 17.3 mg GAE/100ml).  

In the literature there are various representations and contents of tannin in java plum.  

Faria and others (2011) stated there was 3.9 ± 0.8 mg TAE/ 100g.  Zhang and Lin (2009) 

found there was 35.46 ± 3.00 mg/g dry tannins for ellagic acid and 19.73 ± 0.81 mg/g dry 

tannins for gallic acid.  These differences may be attributed to the variability of raw 

materials such as ripeness, fertility of soil, as well as to differences in methodology or 

standards used in the analysis.  In this study, the method used PVP to bind to tannin. But 

PVP may have also bound to the carbohydrates in the juice, showing a larger content of 

tannin in java plum juice.   

 On the other hand, the monomeric anthocyanin content of java plum juice was 

measured at 104.2 ± 13.5 mg cyd 3-glu/100 ml, which was similar to others work.  

Veigas and others (2007) found the total anthocyanin content to be 216 mg/100 ml of 

extract, equivalent to 230 mg/100 g fruit.  Another study took the extract of 

homogenized fruit and skin of java plum and found there was 210.9 ± 9.1 mg cyd 3-

glu/100 g (Faria and others 2011).  Compared to previous studies, this experiment did 

not extract the fruit with solvents.  Ethanol extracts of java plum were found to have 

higher degree of antimicrobial activity than aqueous extracts (Prabhakaran and others 

2011).  By extracting plant materials with solvents, antimicrobial components, such as 

phenols, are most likely more concentrated than juiced fruits (or aqueous extracts).  

According to Lee and others (2005), filter could potentially bind with the anthocyanin, 

causing an underestimation of phytochemicals such as anthocyanin.   Chowdhury and 

Ray (2007) tested the anthocyanin content of java plum wine. The must and wine had 
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anthocyanin of 85.00 ± 8.00 and 60.00 ± 4.50 mg cyd 3-glu/100 g, respectively.  This 

study discloses the filter sterilized java plum juice had higher anthocyanin content than 

the processed (fermented) product, but lower than the solvent extracts.    

 Comparing to other fruits, java plum is a rich source of anthocyanins and has 

similar content to blueberries and black currants (230 and 229 mg/100 g).  Research also 

indicates java plum have 1.6-times higher content of anthocyanins than blackberries 

(141 mg/100 g), a widely acclaimed anthocyanin-rich edible fruit (Singha and others 

1991; Moyer and others 2002).  Blackberry juice, also high in phenolic compounds, was 

found to reduce E. coli O157:H7, S. Typhimurium and L. monocytogenes in broth and 

milk by 2-4 log CFU/ml and 1-2 log CFU/ml, respectively (Yang and others 2014).  

Blueberry juice also has antimicrobial effects against pathogenic bacteria, such as L. 

monocytogenes, S. Typhimurium, Campylobacter jejuni, and E. coli O157:H7 (Biswas and 

others 2013).  The possible reason for the inhibition could be the partial hydrophobicity 

of phenolics, anthocyanins, and proanthocyanidins.  These phenolic compounds may 

allow themselves to bind to the outer membrane of bacterial cells, thus causing changes 

in its fluidity (Kwon and others 2007).  This membrane interface interaction may be 

important in the mechanism of microbial inhibition.  Lacombe and others (2010) found 

with cells treated with phenolics, there was localized disintegration of outer membrane, 

leaking of cytoplasm, and irregular shape under the scanning electron microscope.  

These findings show phenolic compounds do help in the antimicrobial activities.   
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4.4 Conclusions 

  To sum up, this study indicates that the java plum juice has strong antimicrobial 

activity against E. coli O157:H7, S. Typhimurium, L. monocytogenes, and S. aureus in the 

agar and broth media.  Under refrigeration, both L. monocytogenes and S. Typhimurium 

were able to grow on cut cantaloupe.  When the fruit was treated with 50% java plum 

juice, the growth of L. monocytogenes was restrained compared to control.  The 

treatment exhibited bactericidal effect on S. Typhimurium on cut cantaloupe.  The 

results also demonstrate that the use of overlay method is crucial for the enumeration 

of S. Typhimurium when the cells are injured due to exposure to high acidity and/or 

phenolic compounds.  As a natural product with high phenolic contents, java plum juice 

has potential dual functionality as both antimicrobial food preservative and antioxidant.   

In addition to being a functional beverage, java plum juice may be used in the hurdle 

technology and provide an alternative and green solution to enhance the 

microbiological safety of food.   
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CHAPTER 5 

CONCLUSIONS 

  Lime juice and java plum juice showed strong antimicrobial effects on E. coli 

O157:H7, S. Typhimurium, S. aureus, and L. monocytogenes in nutrient broth.  

Compared to control, S. Typhimurium on shrimp was significantly reduced after 24 h of 

marination in 25% lime juice.  50% lime juice reduced S. Typhimurium on marinated 

shrimp by 2.07 and 3.34 logs at 24 h and 48 h, respectively.  Java plum juice was able to 

slow down the growth of background bacteria and L. monocytogenes on cut cantaloupe.  

The 25% treatment completely inhibited S. Typhimurium on the fruit.  Comparing to 

control, 50% java plum juice reduced S. Typhimurium on cut cantaloupe by 2.87 and 

3.41 logs on day 4 and day 8, respectively.  Although there was no significant difference 

between the two agars tested in the enumeration of L. monocytogenes, the use of 

overlay method was crucial for S. Typhimurium counting since injured S. Typhimurium 

cells did not grow well on selective XLD agar. 

 The pH values of water and nutrient broth supplemented with 12.5% to 50% 

lime juice were at or below 3.63.  At the same concentration, java plum juice-

supplemented nutrient broth showed higher pH than lime juice-supplemented ones.  

The total phenolic content of java plum juice was nearly four times that of lime juice.  It 

seems the antimicrobial property of lime juice can be attributed strongly to its high 

acidity.  The antimicrobial property of java plum juice may be due to a combined effect 
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of organic acids and phenolic compounds.  Further studies are needed to identify the 

antimicrobial components in these two fruit juices.   

 Natural preservatives, such as lime juice and java plum juice, have strong 

potential in the hurdle technology.  If various antimicrobial components/measures hit 

different targets (e.g., cell membrane, DNA, ATP, enzymes, intracellular pH) within the 

microbial cell, there may be synergistic effects.  In fact, employing multiple hurdles in 

microbial control can be advantageous in food as each hurdle can be used gently thus 

maintaining the acceptance and nutritional qualities of the food.  Combined effects of 

the fruit juices and other natural antimicrobials on pathogenic bacteria are yet to be 

investigated in food.   

 Both lime juice and java plum juice can be used as natural disinfectants against 

pathogenic bacteria and background microorganisms in food.  These juices are 

multifunctional as they impart unique flavors, possess health benefits, extend the shelf 

life of products, and keep food safe.  Although lime juice has been frequently used as a 

flavoring agent, further studies are needed to evaluate the effect of lime juice and java 

plum juice on the sensory properties (appearance, aroma, texture, taste, etc.) of treated 

foods. 
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