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Abstract
Antimicrobial effect of green tea (GTE), nisin (Ni), natamycin (Na), and their combinations on native

mesophilic bacteria (MAB), Enterobacteriaceae (EB), and molds and yeast (M&Y) of fresh-cut beet

leaves and on inoculated Listeria innocua (LI) and Escherichia coli (EC) were determined during stor-

age at 15 8C. Individual treatments with Ni and Na were not effective in reducing nor controlling

native microbiota. Conversely, treatments containing GTE 5% reduced MAB and EB initial counts

to values below detection limit (DL51 log UFC/g) for 24 hr. The most effective treatment for

M&Y was the combination of GTE with Na, which maintained the counts in undetectable values

(<DL) for 48 hr. Ni and GTE were very effective in controlling LI and their combination presented

a significant improvement, it reduced by 4.4 log the initial count and maintained them around 4

log below control samples along storage. For EC control, only GTE treatments were effective pre-

senting a concentration dependent behavior.

Practical applications
Consumers’ demand for healthy, nutritious, minimally processed, free of additives and environ-

mentally friendly products has markedly increased in recent years. In response to these demands,

the application of green tea extract, nisin, natamycin, and their combinations, as natural antimicro-

bials against beet leaves native microbiota and inoculated L. innocua and E. coli, was evaluated in

fresh-cut beet leaves; an underutilized by-product with high nutritional value. The results of this

study showed that nisin, widely applied in dairy products, could be also highly effective against Lis-

teria spp. on leafy vegetables. Moreover, green tea extract, either alone or combined, is a highly

promising option with potential for reducing or preventing the growth of pathogenic and spoilage

microorganisms (gram-negatives included) present in leafy vegetables, specifically in fresh-cut beet

leaves.

1 | INTRODUCTION

It is well known that fresh horticultural products, especially minimally

processed ones, provide a good substrate for the growth of microor-

ganisms (spoilage or pathogenic) during production, commercialization,

and storage. Moreover, in the last two decades a marked increase in

foodborne illnesses associated with the consumption of fresh or mini-

mally processed vegetables (MPV) was observed (Taban & Halkman,

2011). Studies have shown that etiologic factors in most of the regis-

tered outbreak cases were contaminations with pathogens, including

Escherichia coli O157:H7, Listeria monocytogenes, Salmonella Enteritidis,

Shigella, and Staphylococcus aureus (Sant’Ana, Franco, & Schaffner,

2014; Taban & Halkman, 2011). In the production chain of MPV, disin-

fection (usually with chlorine) is the only step where the number of

microorganisms can be reduced (S~ao Jos�e & Vanetti, 2012). However,

this step does not guarantee that MPV are free of pathogens (Allende,

Tom�as-Barber�an, & Gil, 2006). Therefore, it is important to develop

and evaluate new preservation strategies for MPV to ensure food

safety.

An interesting approach with great potential to overcome these

drawbacks is the biopreservation, by which MPV’s safety is increased

through the use of natural compounds with antimicrobial properties†These authors contributed equally to the manuscript.
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(Tiwari et al., 2009). The exploration of naturally occurring antimicro-

bials for food preservation is intended to cover not only the consumer

demand for healthier foodstuffs, but also, the growing concern about

microbial resistance to conventional chemical preservatives (Ponce,

Fritz, Del Valle, & Roura, 2003).

Among natural antimicrobials, green tea (Camellia sinensis L.)

extracts have gained much attention in recent years. Many studies

showed that these extracts have antibacterial (against gram-positive

as well as gram-negative bacteria), antiviral, antifungal, and radical

scavenging activity (Perumalla & Hettiarachchy, 2011) which was

associated with the polyphenols present therein (Bansal et al., 2013).

Other widely known antimicrobials are the bacteriocins nisin and

natamycin, which present the GRAS status for their application in

foodstuffs (Delves-Broughton, Blackburn, Evans, & Hugenholtz,

1996; Koontz, Marcy, Barbeau, & Duncan, 2003). Nisin is produced

by strains of Lactococcus lactis subsp. Lactis and exhibits antimicrobial

activity toward a wide range of gram-positive bacteria, including

L. monocytogenes (Martins, Cerqueira, Souza, do Carmo Avides, &

Vicente, 2010); while natamycin is a natural antimycotic polyene, pro-

duced by Streptomyces natalensis, with antimicrobial activity against

yeasts and molds but not against bacteria, viruses, and protozoa (Te

Welscher et al., 2008). Studies of the effectiveness of these antimi-

crobials on microorganism populations are mostly limited to meat and

dairy products (Delves-Broughton, 2011; Fernandez, Jagus, &

Mugliaroli, 2014; Perumalla & Hettiarachchy, 2011). In fact, very little

information can be found on its application in vegetable products.

Thus, the objective of the present work was to determine the antimi-

crobial effect of green tea extract (GTE), nisin, natamycin, and their

combinations against native microbiota (mesophilic, Enterobacteria-

ceae [EB] and molds and yeast [M&Y]) of fresh-cut beet leaves, as

well as the effect on the survival and growth of inoculated Listeria

innocua and E. coli.

2 | MATERIALS AND METHODS

2.1 | Culture preparation

In this study, L. innocua (CIP 8011, CCMA 29, Facultad de Farmacia y

Bioquímica, UBA, Argentina) and E. coli (ATCC 25922) were employed.

These strains have been widely considered as surrogates of L. monocy-

togenes and E. coli 0157:H7, respectively, since they have shown similar

behavior and resistance as pathogenic strains (Kamat & Nair, 1996;

Kim & Harrison, 2009; Omac, Moreira, Castillo, & Castell-Perez, 2015).

In both cases, fresh cultures were obtained by inoculating 150 ml of

fresh sterile trypticase soy broth enriched with 0.6% yeast extract

(TSBYE, Biokar Diagnostics, Allonne, France), and incubating them in a

continuously agitated temperature-controlled shaker at 28 8C over-

night. Then, 3 ml of this culture were inoculated in 150 ml of fresh

TSBYE, agitated until obtaining the final desired concentration of cells

(approximately 1.0 3 108 CFU/ml) determined by optical density when

achieved an absorbance of 0.05 at 540 nm for L. innocua and 0.14 at

630 nm for E. coli.

2.2 | Preparation of minimally processed beet leaves

samples

The beets (Beta vulgaris L. var. Conditiva) were purchased in a local

market in Buenos Aires (Argentina). Once in the laboratory, a cut was

done 2 cm below the base of each leaf to separate them from roots

and stems. Figure 1 presents the unit operations for processing of beet

leaves. Briefly, the leaves were washed with cold tap water and disin-

fected by immersion in a cooled sodium hypochlorite solution (200

ppm free chlorine) for about 5 min. Then, disinfected leaves were dried

for 1 min in a manual centrifugal dryer and cut using a sharp stainless

steel knife, perpendicularly to the veins, to obtain strips of 2–3 cm

wide. Samples of 10 g were weighed and placed in polyolefin bags

(Cryovac PD960, Argentina) with an O2 and CO2 transmission rates of

6,000–8,000 and 19,000–22,000 cm3/m2/24 hr at 23 8C and 1 atm,

respectively, and a water transmission rate of 0.90–1.10 g/in2/24 hr1

at 23 8C and 100% RH. Three systems were prepared to study the

effectiveness of natural antimicrobials against native microbiota (“A”

systems), as well as their performance against L. innocua (“B” systems)

and E. coli (“C” systems), surrogates of two of the most conflictive path-

ogenic microorganisms in this type of product. For inoculations (“B”

and “C” systems), an aliquot of the corresponding culture was directly

added to the leaves inside the bags so as to achieve an initial bacterial

inoculum of approximately 105 CFU/g. After that, antimicrobial treat-

ments were performed, dosing directly on the leaves the corresponding

quantity of antimicrobials according specification detailed in the next

section. Afterward the bags were sealed and all samples were gently

massaged, according to the methodology proposed by Tsiraki and

Savvaidis (2014), to obtain a homogeneous distribution of the antimi-

crobials in the product. For each system, a batch without the addition

of antimicrobials was maintained to evaluate the development of the

population under study (control samples). Finally, all samples were

stored in a 1561 8C chamber.

2.3 | Antimicrobial treatments

The antimicrobials used in this study were nisin (DelvoPlus, DSM, Delft,

Netherlands), natamycin (Delvocid, DSM) and GTE (Sunphenon 90LB,

Taiyo International, Minneapolis, USA). Their solutions were prepared

as follows: for nisin treatments, a stock solution of 50,000 IU/ml was

prepared dissolving 250 mg of commercial nisin in 5 ml of sterile dis-

tilled water. For natamycin treatments, a stock solution of 24 mg/ml

was prepared dissolving 240 mg of commercial natamycin in 5 ml of

sterile distilled water. For GTEs treatments, a stock solution of 20 and

40% of Sunphenon 90LB were prepared dissolving the correspondent

amount of product in sterile distilled water. The antimicrobials were

applied in the “A”, “B,” and “C” systems, according to the scheme pre-

sented in Table 1. In samples containing only nisin or natamycin, an

amount of sterile water was added to match in all systems the water

content within the package.

Treatments were selected taking into account results of prelimi-

nary studies (data not shown), where the initial effects of several con-

centrations and combinations of nisin (100–500 UI/g), natamycin (20–

2 of 9 | FERN�ANDEZ ET AL.



200 mg/L), and GTE (0.5–5%) on fresh-cut beet leaves native micro-

biota, inoculated L. innocua and E. coli were tested. Also, the limits

established by Argentinean legislation for nisin and natamycin were

considered (Argentinean Alimentary Code, 1996). It is important to

highlight, as indicate in Table 1, that natamycin was only applied in sys-

tems “A” since it is well known that this antimicrobial is not effective

against bacteria (Te Welscher et al., 2008), as we have corraborated in

preliminary studies. Conversely, although it is known that nisin is effec-

tive only against gram-positive bacteria, our previous studies has dem-

onstrated that some interaction can occur when combined with GTE

against gram-negative bacteria, thus this combination was studied in all

systems.

2.4 | Sampling procedure

All systems were stored during 96 hr at 1561 8C. This temperature

allows us to perform an accelerated testing, but as well, would corre-

spond to a typical commercial thermal abuse. Samples were taken peri-

odically at 0, 24, 48, 72, and 96 hr. For each time, beet leaves samples

(10 g) were transferred aseptically to sterile stomacher pouches

TABLE 1 Treatment application scheme

Solutions added

Treatments
Systems in which treatments
were applied Nisin (50000 IU/ml) Natamycin (24 mg/ml) GTE 20% GTE 40% Sterile water

CO A, B, & C 1.33 ml

Ni500 A & B 100 lL 1.23 ml

Na200 A 83 lL 1.24 ml

GTE2.5 A, B, & C 1.25 ml 100 lL

GTE5 A, B, & C 1.25 ml 100 lL

GTE2.51Ni500 A, B, & C 100 lL 1.25 ml

GTE2.51Na200 A 83 lL 1.25 ml 17 lL

GTE51Ni500 A, B, & C 100 lL 1.25 ml

GTE51Na200 A 83 lL 1.25 ml 17 lL

FIGURE 1 Experimental processes followed to obtain minimally processed beet leaves samples
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containing 90 ml solution of 0.1% (wt/vol) peptone water (Biokar Diag-

nostics), and homogenized in a stomacher (Interscience Laboratories,

Inc., Woburn; Bagmixer 400 P, France) for 120 s. To determine the via-

ble population of microorganisms, samples were serially diluted with

0.1% (wt/vol) peptone water. For “A” systems mesophilic aerobic bacte-

ria (MAB) counts were performed using plate count agar (PCA, Biokar

Diagnostics) incubated at 37 8C during 24–48 hr; EB counts were

determined in Mac Conkey agar (Biokar Dignostics) incubated at 37 8C

during 24 hr and M&Y counts were determined in yeast extract glu-

cose chloramphenicol agar (YGC, Biokar Diagnostics) incubated at

28 8C during 48–72 hr. For “B” systems, Listeria spp. counts were per-

formed using Oxford Agar (Biokar Diagnostics, France) with Listeria

Selective Suplement (Oxoid, SR140), incubated at 37 8C during 24–48

hr. Finally, for “C” systems, E. coli counts were performed using Mac

Conkey agar (Biokar Dignostics, France) with the addition of the sup-

plement 4-methylumbelliferyl-beta-D-glucuronide “MUG” (Biokar Dig-

nostics), incubated at 37 8C during 24 hr. For the detection of positive,

fluorescent, E. coli colonies the examination took place under long-

wave ultraviolet light (366 nm). Results were expressed as the loga-

rithm of colony forming units per gram (log CFU/g). The detection limit

of the method (DL), in all cases was 1 log CFU/g.

2.5 | Statistical analyses

Microbiological determinations were made by triplicate in two separate

experimental treatments runs and the mean of all repetitions together

with the standard deviation were informed. Results were subjected to

an Analysis of Variance (ANOVA) using the Origin 8 software (Origin-

Lab, Massachusetts). The factors used as sources of variation were

TREAT (treatment, different antimicrobial tested or control), TIME

(storage time), and TREAT—TIME interaction. Differences were deter-

mined by the Tukey–Kramer multiple comparison test (p < .05).

3 | RESULTS

The statistical analysis of the experimental data yielded significant

interactions among factors under study (TREAT and TIME, p< .0001)

for all the analyzed microorganisms. This indicated that the evolution

of microbial counts during storage was affected by the antimicrobial

treatment applied to samples.

3.1 | Effectiveness against native microbiota

The changes of MAB in “A” systems during storage at 15 8C are pre-

sented in Figure 2a. Control samples (CO) presented an initial MAB

load of 4.960.2 log CFU/g. These counts rapidly increased in CO sam-

ples reaching values of 8.660.3 log CFU/g at the end of storage (96

hr). Individual treatments with Na and Ni did not produce any signifi-

cant inhibitory effect (p> .05) on MAB counts presenting similar

behavior to control throughout storage. Taking this into account, and

due to the high number of treatments, Ni and Na are not presented in

Figure 2, to allow more clarity in the interpretation of it. While treat-

ment GTE2.5 showed some effectiveness; counts remained about 1

log cycle under the control. Remarkable effects were observed with an

increase in the tea concentration. Indeed, the treatment containing

GTE at 5% (GTE5) presented a significant initial reduction (p< .0001),

reaching values below the DL which remained for the first 24 hr. Then,

they presented a regrowth, reaching values of around 1 log cycle below

CO from the 48 hr onwards, differing significantly (p5 .021) from con-

trol even at the end of storage.

In regards to the combined treatments, no significant differences

(p> .05) were observed between treatments GTE2.5 and GTE2.51

Na200, neither between treatments GTE5 and GTE51Na200, as they

presented similar behavior during storage. On the contrary, significant

differences (p5 .024) were found between GTE2.51Ni500 and the

individual treatment GTE2.5. At the same time, the combination of

GTE 5% with nisin (GTE51Ni500) presented similar behavior than

GTE5 during the first 48 hr and after that managed to stay in counts of

about 0.5–0.7 log below GTE5 (p5 .106). Even though in the last case

the difference is not significant, the results showed that MAB were

more sensitive to combined treatments.

FIGURE 2 Effect of green tea, nisin, natamycin, and its
combination on mesophilic bacteria (a), Enterobactericeae (b), and
molds and yeast (c), in beet leaves stored at 15 8C. Error bars
represent the standard deviation of the mean
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EB behavior (Figure 2b) was quite similar to MAB. Only treatments

containing GTE 5% (GTE5, GTE51Ni and GTE51Na) presented sig-

nificant effects (p< .0001), being able to reduce EB counts to unde-

tectable values during the first 24 hr. After that, the growth was

resumed, reaching similar values to CO from 48 hr until the end of

storage. For this microbial group no interaction was observed by com-

bining GTE with nisin or natamycin since no significant differences

(p> .05) were observed neither between treatments GTE2.5,

GTE2.51Ni500 and GTE2.51Na200 nor GTE5, GTE51Ni500 and

GTE51Na200.

The changes in M&Y during storage at 15 8C are presented in Fig-

ure 2c. Control samples showed initial values of 5.260.2 log CFU/g

and exhibited a gradual growth, reaching counts of 6.560.3 log CFU/g

at the end of storage (96 hr). Treatment with nisin did not produce any

inhibitory effect (p> .05) on M&Y counts, since exhibited a behavior

similar to control throughout storage. Surprisingly, the individual treat-

ment with natamycin (Na200) did not show a significant inhibitory

effect (p> .05) throughout storage either, although a reduction of 1 log

cycle (p5 .068) was observed at 96 hr. Regarding the treatments con-

taining GTE, the M&Y counts of the GTE2.5 samples remained

between 0.5 and 1.2 log below CO (p< .0001). Whereas those treated

with GTE5 managed to stay between 1.1 and 2.1 log cycles below CO

(p< .0001), during the evaluated period.

No significant differences (p> .05) were found between the com-

bined treatments and the individual treatments, GTE2.51Ni500 with

GTE2.5 and GTE51Ni500 with GTE5, respectively. However, it is

important to highlight, that the combined treatments of natamycin and

tea (GTE2.51Na200 and GTE51Na200) presented remarkable

effects, since they maintained M&Y counts below the DL during 24

and 48 hr, respectively, differing significantly (p< .0001) from the indi-

vidual treatments.

3.2 | Effectiveness against L. innocua

The behavior of L. innocua during storage at 15 8C is presented in Fig-

ure 3. Control samples showed an initial population of 5.460.3 log

CFU/g reaching a count of 7.460.3 log CFU/g at the end of storage.

All the tested treatments presented significant differences (p< .0001)

from control. Individual treatment with nisin was highly effective for

controlling L. innocua since it presented an initial reduction of 3.4 log

cycles and managed to stay between 3.5 and 4.0 log cycles below con-

trol during the first 72 hr of storage and 2.8 log below at the end of

storage (96 hr). GTE treatments were also very effective, with initial

reductions of 1.5 and 1.8 log cycles for GTE2.5 and GTE5, respectively.

During storage, GTE5 samples maintained greater stability, with counts

around 3.5 log CFU/g during the first 72 hr. Nevertheless, by the end

of storage (96 hr) no significant differences (p> .05) were observed

between these two treatments, which in both cases remained about

2.4 log below CO.

Regarding the combined treatments, only the highest concentra-

tion of GTE with nisin showed a significant improvement (p< .0001)

over individual nisin treatment. With this combination, a 4.4 log reduc-

tion was initially achieved, remaining in counts about 5–4 log orders

below CO during the first 72 hr of storage and 3.6 log below CO at 96

hr of storage.

3.3 | Effectiveness against E. coli

The behavior of E. coli during storage at 15 8C is presented in Figure 4.

The control samples (CO) showed an initial count of 4.960.2 log CFU/

g, then a constant growth was observed, reaching values of 6.860.3

log CFU/g at the end of storage. In regard to the individual treatments

with GTE, GTE2.5 presented significant effects (p< .0001) since it

managed to stand E. coli counts about 2 log cycles below control during

the first 72 hr of storage, but then achieved similar values. Treatment

GTE5 was also highly effective (p< .0001) since it presented an initial

reduction of 3.5 log cycles, achieving counts below the DL and main-

taining those levels during the first 24 hr of storage. After that, the

growth was resumed, reaching values similar to CO at the end of stor-

age (96 hr). In the combined treatments (GTE2.51Ni500;

GTE51Ni500), nisin did not introduce significant effects (p5 .132 and

p5 .243, respectively) in E. coli reductions in comparison with treat-

ments with green tea alone.

4 | DISCUSSION

Antimicrobial effects of GTEs, nisin, natamycin, and their combinations

were evaluated in fresh-cut beet leaves. Individual treatment with

FIGURE 3 Effect of green tea, nisin, natamycin, and its
combination on Listeria innocua in beet leaves stored at 15 8C.
Error bars represent the standard deviation of the mean

FIGURE 4 Effect of green tea, nisin and its combination on
Escherichia coli, in a beet leaf model system stored at 15 8C. Error
bars represent the standard deviation of the mean
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natamycin failed to reduce the counts and/or to control the growth of

all bacterial groups tested, both native and inoculated ones, as

expected; and surprisingly, also failed to control M&Y behavior. Indeed,

it is well known that natamycin block fungal growth by binding specifi-

cally to ergosterol, present almost exclusively in the fungi plasma mem-

branes (Te Welscher et al., 2008). Many studies have documented the

effect of natamycin for the control of M&Y in foodstuff, especially in

cheeses, with variable results (Kallinteri, Kostoula, & Savvaidis, 2013;

Oll�e Resa, Jagus, & Gerschenson, 2014; Tsiraki & Savvaidis, 2014).

Among them, similar results to those obtained in this study were

observed by Tsiraki and Savvaidis (2014), who only achieved very slight

reductions (of at most 0.6 log cycles) in the M&Y population of “Tzat-

ziki,” a traditional Greek salad made of strained yogurt mixed with

cucumber, garlic, salt, olive oil, and dill, treated with natamycin (20

ppm) and stored at 4 8C. On the contrary, Kallinteri et al. (2013) found

that natamycin treatments (100 and 200 ppm) efficiently suppressed

fungal growth in Galotyri cheese during 28 days at 4 8C. Certainly,

when working with native microbiota, it should be considered the great

variability with respect to the type of microorganism present in the

product, and that not all M&Y have the same sensitivity to the antimi-

crobial (Oll�e Resa et al., 2014). To the best of our knowledge there are

no references of the effect of natamycin in leafy vegetables.

Furthermore, the results of this study indicate that individual treat-

ment with nisin also failed to reducing counts and/or controlling the

growth of native microbiota. According to Leff and Fierer (2013), EB is

the most abundant bacterial family in produce that typically grown

closer to the soil surface such as spinach, lettuce, tomatoes, and pep-

pers. Furthermore, it is not surprising to find high relative abundances

of EB in this kind of produce, since members of this family are known

for colonize certain fruits and vegetables (Abadias, Usall, Anguera,

Solsona, & Vi~nas, 2008). Moreover, it is well known that nisin is not

effective for the control of gram-negative population (Helander &

Mattila-Sandholm, 2000). Hence, in this research, the lack of effective-

ness of nisin against MAB could be associated with a higher prevalence

of gram-negative bacteria in beet leaves’ native microbiota.

Conversely, nisin is recognized for being very effective against

gram-positive bacteria. It has been proven that nisin acts by binding

electrostatically to the negatively charged phospholipids (Bauer &

Dicks, 2005) increasing the permeability of the membrane by pore for-

mation, resulting in rapid efflux of essential intracellular small molecules

(Breukink et al., 1997), and interfering with cell wall biosynthesis. In

this study, individual treatment with nisin was very effective for L. inno-

cua control, consistent with many other authors’ observations. How-

ever, other studies have focused on their in vitro effectiveness and the

few applied studies that can be found, are mainly in meat or dairy prod-

ucts (Fernandez et al., 2014; Nguyen, Gidley, & Dykes, 2008). Very lit-

tle literature can be found on its application on vegetable products. In

this sense, Randazzo, Pitino, Scif�o, and Caggia (2009) found reductions

of 1 log cycle on L. monocytogenes counts of minimally processed ice-

berg lettuce treated with commercial nisin (2,500 IU/ml) after 7 days of

storage at 4 8C. Similarly, Cai, Ng, and Farber (1997) showed a reduc-

tion of 1.4 log cycles in L. monocytogenes counts of ready-to-eat Caesar

salad treated with nisin-producing L. lactis isolated from bean-sprouts,

after 10 days of storage at 10 8C.

With respect to GTE performance, for all the populations under

study, their activity was characterized by an initial count reduction fol-

lowed by a regrowth. In all cases, a greater effectiveness was achieved

for the highest GTE concentration (5%), indeed, it is well known that

green tea effectiveness is directly proportional to tea polyphenol con-

tent, which increases with the concentration of tea (von Staszewski,

Pilosof, & Jagus, 2011). In regard to native microbiota, as presented pre-

viously, GTE presented remarkable effects for MAB and EB control,

while the reductions obtained for M&Y were lower, but yet significant.

Only few authors have studied the effects of GTE on the native micro-

biota of food products and very variable results can be found. This may

be related to the different composition and characteristics of the food

system in which it is applied, due to the many interactions existing

between antimicrobials and food components (von Staszewski et al.,

2011). Additionally, the technique used for the application of the anti-

microbial treatment (immersion, spray, incorporated in a superficial film

or in formula, among others) can greatly affect the results (€Ozvural,

Huang, & Chikindas, 2016). In this sense, we can mention the study of

Kumudavally, Phanindrakumar, Tabassum, Radhakrishna, and Bawa

(2008), who observed reductions of 4, 5, and 2 log cycles in MAB, EB,

and M&Y counts, respectively, of fresh mutton sprayed with GTE (5%)

after 2 days of storage at 25 8C. Chiu and Lai (2010), found initial

reductions of roughly 1.5 and 2 log cycles in the MAB and M&Y

counts, respectively, of fruit-based salads treated with coatings with

various green tee extracts (6%, extracted with different methods). Also,
€Ozvural et al. (2016) achieved reductions of only 0.5 log cycles or less

in the MAB, EB, and M&Y counts of hamburgers elaborated with GTE

(5%) in their formulation, when stored at 4 8C. Moreover, Siripatrawan

and Noipha (2012), observed reductions of 6.5 and 2 log cycles in the

MAB and M&Y counts, respectively, of pork sausages treated with a

chitosan film containing a GTE (20% in film), at 20 days of storage at

4 8C. The accepted criterion for the limit of microbiological shelf life of

fresh vegetables is equal to 7 log CFU/g for MAB counts (Corbo, Del

Nobile, & Sinigaglia, 2006) and equal to 5 log CFU/g for M&Y counts

(Fleet, 1992). Considering this, it is interesting to note that in this study

under conditions of thermal abuse (15 8C) treatments containing GTE

5% managed to double the microbiological shelf life of the product.

In regard to pathogenic surrogate control, several in vitro studies

have been carried out on the effect of GTE against Listeria spp and E.

coli (Over, Hettiarachchy, Johnson, & Davis, 2009; von Staszewski &

Jagus, 2008). Among them, only a few applied studies can be found,

but they are mostly limited to meat or dairy products. In this sense,

Hong, Lim, and Song (2009) found reductions of about 1 log in both, L.

monocytogenes and E. coli counts of pork loins packed with a gelidium

corneum-gelatin blend films containing GTE (4.2%) after 10 days of

storage at 4 8C. Kumudavally et al. (2008) observed a reduction of E.

coli from an initial load of 2.6 log CFU/g to undetectable levels during

the first 4 days of storage at ambient temperature (25 8C) of fresh mut-

ton treated with GTE (5%). In leafy vegetable products, Chiu and Lai

(2010) found reductions of about 6 log cycles in the L. monocytogenes
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counts of romaine lettuce hearts treated with tapioca starch coatings

containing GTEs (430–500 mg GAE/g), after 48 hr of refrigerated

storage.

According to Cui et al. (2012), Epigallocatechin gallate (EGCG), the

main catechin present in green tea, affects gram-positive, and gram-

negative bacteria differently. In gram-positive bacteria, EGCG directly

bind to peptidoglycans and incite its precipitation (Shimamura, Zhao, &

Hu, 2007), inducing damage in the cell wall and interfering with its

biosynthesis. Conversely, EGCG also damage the cell wall of gram-

negative bacteria, but this damage is induced mainly by H2O2

production. Hydroxy radicals generated from H2O2 are known to

attack polyunsaturated fatty acid in membranes and initiate lipid perox-

idation (Cabiscol et al., 2002). As a result, membrane properties such as

fluidity can be changed (Cabiscol et al., 2002), eventually leading to

membrane degradation (Yang et al., 2006). Moreover, Cui et al. (2012)

observed that EGCG treatment of E. coli O157:H7 led to temporary

changes of the cell walls, such as pore-like lesions.

In regard to combined treatments, combination of natamycin and

GTE showed significant effects for M&Y control. This synergistic effect

could be attributed to the fact that both, natamycin and tea catechins,

act directly or indirectly on ergosterols of the membrane of M&Y cells,

preventing its development. Indeed, Navarro-Martínez, García-

C�anovas, and Rodríguez-L�opez (2006) demonstrated that by disturbing

the folate metabolism, EGCG could inhibit ergosterol production.

While, as mentioned previously, Te Welscher et al. (2008) revealed

that natamycin kills yeast by specifically binding to ergosterol. Consid-

ering the results of this study it is evident that through joint action of

these antimicrobials, a synergistic effect in controlling beet leaves

native M&Y is achieved.

To the best of our knowledge, this is the first study documenting

the interactions or effects of GTE and nisin combination on native

microbiota of a food product. Moreover, within our knowledge, no

analysis has been made in model systems. The same applies to the case

of E. coli. As previously mentioned, both antimicrobial have direct

action in the bacterial cell wall, therefore it was not surprising that their

combined action lead to improvements over individual treatments. In

this study, it was not observed any improvement neither for EB nor for

E. coli control. However, the combined treatment GTE51Ni500 pre-

sented a remarkable effect for L. innocua control, differing significantly

from the individual treatments. The interactions between nisin and

green tea were studied by Theivendran, Hettiarachchy, and Johnson

(2006) who worked with nisin (10,000 IU/ml) and green tea (1%)

applied, alone or in combination, on PBS medium inoculated with L.

monocytogenes (9 CFU/ml). According to these authors, the incorpora-

tion of nisin with GTE dramatically enhanced the inhibitory effect

against L. monocytogenes, as GTE prevented the growth of resistant

survivors in the population when combined with nisin. According to

Theivendran et al. (2006) this enhanced inhibitory effect may be due to

the facilitated diffusion of major phenolic compounds of green tea (epi-

catechin, caffeic, benzoic, and syringic acid) through the pores formed

in the microbial cell membrane caused by the activity of nisin. In this

study, combined treatment did not prevent regrowth, but undoubtedly

a highly improved effect was achieved along storage, obtaining the

greatest reductions and positioning this treatment as the most promis-

ing one to control L. innocua, among those tested.

Whether alone or combined, GTE treatments had a remarkable

performance for the control of all the microbial groups tested. Never-

theless, it is important to mention that beet leaves exposed to tea

treatments presented some changes in their appearance, especially

toward the end of storage, showing a more reddish tonality compared

to control samples and/or those treated only with Ni or Na. Consider-

ing this, future research should focus on the sensory evaluation of the

samples treated to analyze whether the observed changes somehow

affect consumer acceptance of the product.

Despite this, it is relevant to highlight the importance of finding

antimicrobials that can be effective against gram-negative bacteria, a

bacterial group that presents high difficulty to be controlled mainly due

to the structural characteristics of their cell wall. In this study, the GTE

treatment shows a remarkable activity against E. coli, a really important

fact to emphasize since it is one of the main microorganisms associated

with outbreaks caused by consumption of salads and MPV.

5 | CONCLUSION

Individual treatments with nisin or natamycin were not effective in

controlling beet leaves’ native microbiota. Treatments containing GTE

5% were very effective for the control of aerobic mesophilic bacteria

and EB. The combination of GTE 5% with nisin was the most effective

treatment for MAB, but did not introduce any improvement for EB

control. The combined treatments of natamycin and GTE did not pro-

duce any additional effect to the obtained with GTE alone on MAB

and EB. On the other hand, for controlling M&Y, while individual GTE

treatment had a very limited effect, a remarkable synergistic behavior

between natamycin and GTE (2.5 and 5%) was observed.

In regard to pathogenic surrogate control, both nisin and GTE

were very effective against Listeria. Although nisin achieved better ini-

tial results, the long-term results were similar. The combination of

these antimicrobials resulted in an outstanding improved effect, achiev-

ing the higher reductions throughout storage. Among the antimicrobial

tested, the only effective one for E. coli control turned out to be GTE,

which showed remarkable effects and a concentration dependent

behavior.

According to these results, GTE is a very promising option, either

alone or in combination with other antimicrobial (depending on the

objective of treatment). It was shown that GTE has a great potential

for reducing or preventing the growth of pathogenic and spoilage

microorganism of leafy vegetables. Future research will focus on the

sensory evaluation of the samples treated with GTE to analyze if their

incorporation affects consumer acceptance of the product.
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