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Abstract 17 
 18 

In this work, the effect of green tea extract (GTE) was assessed against murine 19 

norovirus (MNV) and hepatitis A virus (HAV) at different temperatures, exposure times 20 

and pH conditions. Initially, GTE at 0.5 and 5 mg/ml were individually mixed with each 21 

virus at 5 log TCID50/ml and incubated 2 h at 37 °C at different pHs (from 5.5 to 8.5). 22 

GTE affected both viruses depending on pH with higher reductions observed in alkaline 23 

conditions. Secondly, different concentrations of GTE (0.5 and 5 mg/ml) were mixed 24 

with viral suspensions and incubated for 2 or 16 hours at 4, 25 and 37 °C at pH 7.2. A 25 

concentration-, temperature- and exposure time- dependent response was showed by 26 

GTE in suspension tests, where complete inactivation was achieved after overnight 27 

exposure at 37 °C for both viruses and also at 25 °C for HAV.  28 

In addition, antiviral effect of GTE proved efficient in the surface disinfection tests 29 

since 1.5 log reduction and complete inactivation were recorded for MNV and HAV on 30 

stainless steel and glass surfaces treated with 10 mg/ml GTE for 30 min, analyzed in 31 

accordance with ISO 13697:2001. GTE was also evaluated as a natural disinfectant of 32 

produce, showing 10 mg/ml GTE reduced MNV and HAV titers in lettuce and spinach 33 

by more than 1.5 log after 30 min treatment. 34 

The results show a potential of GTE as natural disinfectant able to limit enteric viral 35 

(cross-)contaminations conveyed by food and food-contact surfaces. 36 

 37 

  38 
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1. Introduction 39 

Foodborne viruses are recognized as the main causative agents among the reported 40 

outbreaks in Europe transmitted by food accounting for 20.4% of all outbreaks in 2014, 41 

and showing an increasing trend over the last 6-year period 2008–2014 (EFSA, 2015). 42 

A wide variety of viruses may be transmitted by food, nevertheless, the most frequently 43 

reported viruses are human noroviruses (NoV) causing gastroenteritis, and hepatitis A 44 

virus (HAV). Generally, the fecal-oral-route is the primary way of transmission of 45 

enteric viruses, and handlers, equipment and contaminated surfaces (fomites) could 46 

represent a reservoir of cross-contamination viral particles which become sources of 47 

secondary transmission, especially in food related environments (Abad et al., 2001; 48 

Sánchez and Aznar, 2015).  49 

The extremely low infectious dose (10 to 100 viral particles) (Teunis et al., 2008; Yezli 50 

and Otter, 2011), together with their resistance to desiccation and chemical inactivation 51 

(Cheesbrough et al., 2000; Kuusi et al., 2002), appear to be the major factors that make 52 

enteric viruses able to contaminate surfaces, persist and, finally, infect the host. To date, 53 

different non-porous (aluminum, china, glazed tile, glass, latex, plastic, polystyrene and 54 

stainless steel) and porous (cloth, different types of papers and cotton cloth) surfaces 55 

have been indicated as suitable for harboring enteric viruses (Abad et al., 2001; Boone 56 

and Gerba, 2007).  57 

Currently the World Health Organization (WHO) is promoting the development of 58 

alternative methods for the decontamination of food (WHO, 2013). To this end, 59 

phytochemical compounds (especially plant extracts) are gaining an increasing interest 60 

among consumers, researchers and food industries mainly because (i) they are suitable 61 

for food applications since most of them are Generally Recognized as Safe (GRAS); (ii) 62 

the growing “green consumerism” trend stimulates the use of natural products; (iii) they 63 
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represent natural and cheap alternatives to chemically synthesized antibacterials and 64 

antivirals (Burt, 2004). Even if the antibacterial and antifungal activities of many natural 65 

compounds have been extensively stated, reports on their antiviral food applications are 66 

somewhat limited.  67 

Among natural extracts, green tea extract (GTE) is a derivative of cultivated evergreen 68 

tea plant (Camellia sinensis L.) of the family Theaceae. This polyphenolic and 69 

proanthocyanidin rich compound is a popular plant extract that has been widely used in 70 

various food and beverage applications due to its diverse health benefits including 71 

antioxidant, anti-inflammatory, and anticarcinogenic properties (Cooper et al., 2005a, b; 72 

Xia et al., 2010). GTE also demonstrated inhibitory properties against a wide range of 73 

foodborne pathogens (An et al., 2004; Gadang et al., 2008). For all these reasons, GTE 74 

has been used as a component in multiple hurdle approaches to enhance food safety and 75 

quality (Perumalla and Hettiarachchy, 2011). 76 

Chemically, GTE mainly contains catechins, a group of flavonoids (Yilmaz, 2006) with 77 

antimicrobial properties on Gram-positive as well as Gram-negative bacteria (Gadang et 78 

al., 2008). Among the catechins constituting GTE, epigallocatechin-3-gallate (EGCG) 79 

and epicatechin gallate (ECG) showed the strongest antimicrobial (Shimamura et al., 80 

2007) and antiviral (Dhiman, 2011; Xiao et al., 2008) activities, even when 81 

encapsulated within chitosan electrosprayed microcapsules (Gómez-Mascaraque et al., 82 

2016). 83 

In the present work the effect of GTE on the infectivity of HAV and MNV, a cultivable 84 

human norovirus surrogate, was investigated. Furthermore, its application as 85 

disinfectant in vegetables and food-contact surfaces was also assessed. 86 

 87 

 88 
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2. Materials and Methods 89 

2.1 Virus propagation and cell lines  90 

The cytopathogenic MNV-1 strain (kindly provided by Prof. H. W. Virgin, Washington 91 

University School of Medicine, USA) and the HM-175/18f strain of HAV (ATCC VR-92 

1402)	were propagated and assayed in RAW 264.7 (kindly provided by Prof. H. W. 93 

Virgin) and FRhK-4 cells (kindly provided by Prof. A. Bosch, University of Barcelona, 94 

Spain), respectively. Virus stocks were subsequently produced from the same cells by 95 

centrifugation of infected cell lysates at 660×g for 30 min. Infectious viruses were 96 

enumerated by determining the 50% tissue culture infectious dose (TCID50) with eight 97 

wells per dilution and 20 μl of inoculum per well (Sánchez et al., 2011). 98 

 99 

2.2 GTE cytotoxicity on cell monolayers  100 

A commercial green tea natural extract (GTE) (Naturex SA, France), listed as GRAS 101 

(21CFR or AAFCO), soluble in water, with an EGCG content of 40-50% was used in 102 

the present study. Firstly, different concentrations (0.5-10 mg/ml) of GTE were added to 103 

individual wells of confluent RAW 264.7 and FRhK-4 cells in 96-well plates and 104 

incubated 2 h under 5% CO2. Thereafter cells were added with 150 μl of DMEM 105 

supplemented with 2% of fetal calf serum (FCS) and further incubated for 2 to 15 days, 106 

depending on the cell line. Cytotoxicity effects were determined by visual inspection 107 

under the optical microscope. 108 

 109 

2.3 Antiviral effect of GTE on MNV and HAV  110 

Firstly, a preliminary assay was carried out to assess the influence of pH on GTE 111 

efficacy. To this end, about 5 log TCID50/ml of MNV and HAV were treated for 2 h at 112 

37 °C with GTE at 0.5 or 5 mg/ml prepared in PBS at different pHs (5.5, 6.5, 7.2, 8.0 113 
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and 8.5). Ten-fold dilutions of GTE-treated and untreated virus suspensions were 114 

inoculated into confluent FRhK-4 and RAW monolayers in 96-well plates. Then, 115 

infectious viruses were enumerated by cell culture assays as described above. The decay 116 

of HAV and MNV titers was calculated as log10 (Nt/N0), where N0 is the infectious virus 117 

titer for untreated sample and Nt is the infectious virus titer for GTE-treated samples. 118 

Then, to further explore the antiviral effect on MNV and HAV, GTE diluted in PBS at 119 

pH 7.2 was added to virus suspensions in DMEM with 2% FCS (ca. 6–7 log TCID50/ml) 120 

at final concentrations of 0.5 and 5 mg/ml. Samples were further incubated at 37, 25 or 121 

4°C in a shaker (150 rpm) for 2 or 16 h (overnight) to mimic different environmental 122 

conditions. Experiments were performed in triplicate and infectious viruses were 123 

estimated as described above.  124 

 125 

2.4 Surface disinfection tests on stainless steel and glass discs 126 

GTE was further evaluated as food-contact surface sanitizer based on ISO 13697:2001 127 

standard (ISO/TS 13697:2001). Briefly, MNV and HAV stocks were diluted 1:1 with 128 

the interfering substance, 0.3 and 3 g/l bovine serum albumin (BSA) in PBS pH 7.2, for 129 

clean and dirty working conditions, respectively. Then 50 µl of resulting inocula (5-6 130 

log TCID50/ml) were spotted into the middle of a clean and disinfected stainless steel 131 

and glass discs (2 x 2 cm) and dried at room temperature (RT) for about 15 min, and 132 

verified by visual inspection. Afterward, 100 µl of two different concentrations of GTE 133 

(5 and 10 mg/ml) prepared on hard water (ISO/TS 13697:2001) were spotted on the 134 

inoculated discs, followed by incubation at RT for 15 or 30 minutes. Then, the effect of 135 

GTE was stopped with a neutralizer (DMEM supplemented with 10% FCS) and the 136 

viruses were recovered by continuous pipetting and titrated by cell culture assays (see 137 

paragraph 2.1). As a positive control sample, the inoculated discs were treated with 100 138 
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μl of hard water instead of a GTE solution. The decay of virus titers was calculated as 139 

log10 (Nt/N0), where N0 is the infectious virus titer for inoculated discs treated with hard 140 

water and Nt is the infectious virus titer for GTE-treated surfaces. 141 

 142 

2.5 Water disinfection test using fresh-cut vegetables 143 

Determination of the virucidal activity of GTE wash was performed by adapting the 144 

procedure described by Su and D’Souza (2013a). Briefly, locally purchased fresh 145 

lettuce (Lactuca sativa L.) and spinach (Spinacia oleracea) were cut in pieces of 2 × 2 146 

cm and sterilized with UV light in a safety cabinet under laminar flow for 15 min prior 147 

to virus inoculation. Then, suspensions at two concentration levels (approx. 5 and 6 log 148 

TCID50/ml) of MNV or HAV were seeded independently by distributing 50 µl over 149 

spots onto the vegetable surface. Inoculated samples were air dried in a laminar flow 150 

hood for about 15 min. Thereafter, 100 µl of PBS or a GTE solution at 5 or 10 mg/ml 151 

was added for 15 or 30 min to inoculated vegetable samples. The action of GTE was 152 

stopped with a neutralizer (DMEM supplemented with 2% FCS) and the viruses were 153 

recovered and titrated by cell culture assays (see paragraph 2.1).  154 

 155 

2.6. Statistical analysis 156 

Treatments were performed in triplicate. The post-hoc Tukey's method (p < 0.05) was 157 

used for pairwise comparison and to determine differences among the mean numbers of 158 

viruses determined after the various treatments (XLSTAT, Addinsoft SARL). 159 

 160 

3. Results  161 

3.1 Effect of GTE on the infectivity of MNV and HAV  162 
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The initial cytotoxicity assay showed that GTE diluted in PBS was cytotoxic at 163 

concentrations that exceeded 5 mg/ml for RAW and FRhK cell lines. Thus, this was the 164 

highest concentration of GTE added to evaluate the effects against MNV and HAV 165 

suspensions. As showed in Figure 1, both viruses were affected by GTE depending on 166 

pH conditions. In particular, GTE at 5 mg/ml reduced both MNV and HAV titers by 167 

more than 1 log TCID50/ml after 2 h exposure at 37°C in slight acidic solutions (pH 168 

6.5). The same GTE concentration resulted in a complete inactivation (below the 169 

detection limit of 1.15 log TCID50/ml) of both viruses at neutral (7.2) and slightly 170 

alkaline solutions (8 and 8.5). On the opposite, 0.5 mg/ml GTE showed generally poor 171 

inhibitions in the pH range tested, with slightly greater reductions detected at alkaline 172 

pHs (8 and 8.5).  173 

The infectivity of MNV and HAV after GTE treatments at different temperatures and 174 

exposure times is reported in Table 1 and Table 2, respectively. In general, the exposure 175 

time deeply influenced the inactivation rates, with longer incubation times resulting in 176 

higher inactivation. For instance, GTE at 5 mg/ml incubated at 37°C for 2 h reduced 177 

2.42 and 1.08 log the infectivity of MNV and HAV, respectively, while poor inhibitions 178 

(<1 log) were achieved at lower temperatures. Moreover, overnight incubation of GTE 179 

at 5 mg/ml statistically decreased HAV infectivity at 4 °C and 25 °C (Table 2). In 180 

particular, after overnight exposure, complete inactivation was reported at 37 °C for 181 

both viruses, while HAV was completely inactivated also at 25°C (Table 2).  182 

As expected GTE at 5 mg/ml showed statistically higher inactivation rates compared to 183 

the lower concentrations for both viruses, and this was observed for all the suspension 184 

assays (Fig. 1, Tables 1 and 2).  185 

 186 
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3.2 Effect of GTE in surface disinfection using stainless steel and glass discs 187 

Reductions in the infectious titers of MNV and HAV inoculated in stainless steel and 188 

glass, either in clean and dirty conditions, with or without GTE added as a surface 189 

sanitizer, are shown in Table 3 and 4. In clean surfaces, significant reduction (p<0.05) 190 

in MNV infectivity was observed in steel and glass discs for both GTE concentrations 191 

and exposure times (Table 3).  192 

Infectious HAV titers, in the same experiment set, were reduced by less than 1 log when 193 

GTE was applied for 15 minutes. On the contrary, GTE, when applied in dirty 194 

conditions, was more effective against HAV than MNV. Moreover, a complete 195 

inactivation (below the recovery limit) of HAV was achieved after 30 minutes of 196 

contact with 10 mg/ml of GTE for both materials tested in both cleanness conditions. In 197 

dirty conditions, GTE at 10 mg/ml for 30 min reduced MNV infectivity by 2.09 and 198 

1.64 log in stainless steel and glass discs, respectively (Table 4), while after 15 min of 199 

contact time, only a marginal reduction (0.42 and 0.33 log, stainless steel and glass 200 

discs) was obtained. Moreover, no remarkable differences were reported between virus 201 

inactivation in stainless steel or glass surfaces.  202 

 203 

3.3 Efficacy of GTE on fresh-cut vegetable surfaces 204 

The reduction of MNV and HAV titers on inoculated lettuce and spinach leaves after 30 205 

minutes treatment with GTE, at room temperature, are shown in Figure 2. Sensorial 206 

parameters of vegetables were not affected (data not shown). When inoculated at low 207 

titer, significant reduction of MNV infectivity was observed (1.38 and 1.80, 208 

respectively) after treating lettuce and spinach with GTE at 10 mg/ml for 30 min. Lower 209 

reductions were obtained in case of 5 mg/ml GTE treatment. Treatments with GTE at 10 210 

mg/ml showed 2.59 log reduction in spinach inoculated with higher viral titer. 211 
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Regarding HAV, reductions below detectable limits were obtained when lettuce and 212 

spinach inoculated with low virus titers were treated for 30 min with GTE at 10 mg/ml. 213 

Whereas, high viral titers were reduced by 0.79 and 1.37 in lettuce and spinach, 214 

respectively.  215 

4. Discussion 216 

Nowadays the rising incidence of viral foodborne outbreaks leads to an increasing 217 

interest on the enteric virus inactivation and natural compounds fulfil both food safety 218 

and health concerns. Even if many natural compounds have already been characterized 219 

for their antimicrobial activity, including their application in food, limited information 220 

is available for their antiviral properties (Li et al., 2013; Sánchez, 2015) and lesser if 221 

considering their use in food applications. For example, carvacrol was effective in 222 

reducing MNV and feline calicivirus (FCV) infectivity in lettuce and lettuce wash water 223 

(Sánchez et al., 2015). Similarly, cinnamaldehyde was recently incorporated into a 224 

novel multilayer system for food contact applications able to reduce both FCV and 225 

MNV titers (Fabra et al., 2016). Likewise, grape seed extract was effective reducing  226 

FCV, MNV and HAV infectivity on lettuce, jalapeño peppers, apple juice and milk 227 

(Joshi et al., 2015; Su and D'Souza, 2013a). 228 

Studies on catechins, that constitute around the 40-50% of GTE, demonstrated their 229 

activity against human immunodeficiency virus, herpes simplex virus, and hepatitis B 230 

virus (Hsu, 2015; Nance et al., 2009). More recently FCV and MNV have been used to 231 

test the antiviral properties of catechins, resulting in a complete inhibition of FCV 232 

suspension (105 PFU/ml) after 6 h exposure with 3.13 mg/ml GTE fractions (Oh et al., 233 

2013) and a complete inhibition of MNV suspension (6.45 TCID50/ml) after overnight 234 

exposure with 2.5 mg/ml EGCG (Gómez-Mascaraque et al., 2016). Our results using 235 

GTE are in line with those previously reported, since the overnight exposure of MNV to 236 
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GTE at 5 mg/ml resulted in a complete inactivation of the virus at 37 °C. As well, in a 237 

study focused on determining the antiviral effects of tannins on 12 different enveloped 238 

and non-enveloped viruses, Ueda et al. (2013) observed 4.1 and 1.7 log reduction for 239 

FCV and MNV, respectively, after only 3 min exposure at RT with 0.25% GTE. The 240 

different experiments set ups do not allow strict comparisons among these and our 241 

results, even if a clear dose-, temperature- and time-dependent antiviral effect of GTE 242 

(or EGCG, as main compound) was highlighted in all the studies. This trend has been 243 

observed for other natural antiviral compounds, such as curcumin (Randazzo et al., 244 

2016), cinnamaldehyde (Fabra et al., 2016), different tannins and flavonoids (Su and 245 

D’Souza, 2013b; Ueda et al., 2013), many essential oils (Sánchez and Aznar, 2015) and 246 

plant extracts (Joshi et al., 2015; Su and D'Souza, 2013a). 247 

Furthermore, a clear pH dependent antiviral effect was observed, since higher 248 

reductions were reported for GTE at basic pH. Similarly, Isaacs et al. (2011) reported a 249 

pH dependent effect of EGCG against herpes simplex virus, where no antiviral activity 250 

was recorded below pH 7.4. They indicated that EGCG derivatives provided an antiviral 251 

activity over a broader pH range than EGCG itself, especially due to the formation of 252 

EGCG dimers with two gallate groups. On the opposite, the grape seed extract (GSE), a 253 

natural extract rich in phenolic compounds, enhanced its antiviral effect in acid 254 

conditions against MNV and HAV (Joshi et al., 2015). These differences could be due 255 

to structural changes of compounds and/or by the formation of by-products, that, 256 

together with the synergistic effect of pH, finally result in a loss or a gain of antiviral 257 

effectiveness. Additionally, the different pH conditions at which GTE and GSE better 258 

inhibit enteric viruses could constitute an advantage to be used to prepare a sanitizer 259 

solution effective in several environmental surroundings.    260 
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Additionally, we observed variability in antiviral activity of GTE at pH 7.2 (Table 1, 261 

Table 2 and Fig. 1). One plausible reason could derive from the fact that the antiviral 262 

activity of GTE is most likely due to catechin derivatives rather than EGCG itself, given 263 

the evolution of these compounds at the various pH conditions (Falcó et al., 2017). 264 

Therefore more studies needs to be performed for further developments.   265 

The antiviral activity of GTE (2.42 and 1.08 log reductions for MNV and HAV, 266 

respectively, with 5 mg/ml GTE after 2h at 37 ºC) shows similar trends to the antiviral 267 

effects observed and reported for others natural compounds. For example, GSE at 2 268 

mg/ml reduced MNV and HAV titers by 1.41 and 2.18 at the same experimental 269 

conditions (Joshi et al., 2015). Oregano essential oil at 2 % reduced by 1.6 and 0.1 log 270 

MNV and HAV titers while 1% carvacrol was reported to decrease MNV titers from ~6 271 

log TCID50/ml to undetectable levels and HAV titers were reduced by almost 1 log  272 

(Sánchez et al., 2015; Sánchez and Aznar, 2015).  273 

Moreover, in this study we observed greater reductions for HAV than MNV in the 274 

suspension assays after overnight incubation and vegetable and surface assays. In line 275 

with these results, recently EGCG has shown to be more efficient on HAV than MNV at 276 

room temperature (Falcó et al., 2017). And similar pattern was reported by Su and 277 

D'Souza (2011) for the GSE, which also contains catechin, epicatechin and epicatechin-278 

3-O-gallate (reviewed by Perumalla and Hettiarachchy, 2011). 279 

In the fresh-cut vegetable industry, leafy greens present a high risk of cross-280 

contamination (EFSA, 2015), and chlorine, the most popular food-grade disinfectant, 281 

has been already limited in some European countries due to the formation of chemical 282 

by-products (i. e. trihalomethanes) (Van Haute et al., 2013). Therefore, following such 283 

rising need for alternative disinfection solutions we successfully assayed GTE as 284 

surface disinfectant in both vegetables and environmental surfaces. In the surface 285 
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disinfection tests, efficacy of GTE on food contact surfaces showed better performance 286 

compared to others natural compounds tested as sanitizers, such as GSE. In  fact, Li et 287 

al. (2012) reported only a marginal reduction (<1 log PFU/ml) for MNV in stainless 288 

steel surfaces treated with 2 mg/ml of GSE for 10 min in clean conditions. Our results 289 

showed a significant decrease (> 1.5 log TCID50/ml) of MNV titers on stainless steel 290 

and glass surfaces treated with 10 mg/ml of GTE for 30 minutes while complete 291 

inactivation was reported for HAV in clean and dirty glass and stainless steel surfaces. 292 

Usually, reduced antiviral effects have been reported when a compound is tested in dirty 293 

conditions mainly due to its binding and masking effects of the organic load (such as 294 

protein) interfering with the effectiveness of treatment (Li et al., 2013). Our results are 295 

partially in accordance with those masking effects, since MNV showed slightly greater 296 

reductions when applied on clean surfaces than on dirty ones. On the contrary, HAV 297 

reduction was not affected by the presence of protein in the surface tests.  298 

In the vegetable sanitation tests, GTE treatments were also more effective for HAV than 299 

MNV. In particular, MNV was reduced by 2.59 log when treated with 10 mg/ml of 300 

GTE, while HAV titers decreased below the detection limit (>4 log reduction). Higher 301 

reductions were observed in spinach than in lettuce for both viruses, possibly due to the 302 

different morphological characteristics of leaves.  303 

Assessment of natural compounds applications in vegetable sanitation is scarce, so far 304 

only carvacrol and GSE have been evaluated as natural sanitizers against enteric virus 305 

contamination. Treating lettuce with carvacrol at 1% for 30 min reduced MNV titers by 306 

1.8 log (Sánchez et al., 2015). Similarly, Su and D'Souza (2013) reported a marginal 307 

reduction (<0.8 log) for MNV and 1.23 and 1.29 log reductions for HAV, respectively 308 

on lettuce and pepper, after 1 minute treatment with 1 mg /ml of GSE.   309 
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The antiviral mechanisms of GTE, as well as many natural antiviral compounds, have 310 

not yet been elucidated, but some conjectures could be done taking in consideration the 311 

effect of EGCG on virus (Friedman, 2007; Gómez-Mascaraque et al., 2016; Oh et al., 312 

2013; Steinmann et al., 2013). Indeed, EGCG inhibits the infectivity of a diverse group 313 

of enveloped and non-enveloped viruses by interrupting viral attachment to cell 314 

membrane receptors through its high affinity but nonspecific binding to viral surface 315 

proteins. GTE could reduce MNV and HAV infectivity by a similar mechanism, or at 316 

least it could be considered as a synergism of inactivation. Screening of individual 317 

phenolic acid constituents of GTE that exhibit antiviral properties needs further 318 

investigation, as well as its application on food. In addition, delivering these antiviral 319 

compounds through advanced technologies such as electrosprayed material for food 320 

packaging or through detergent formulations to be applied for hand and equipment 321 

disinfection, may provide promising results and a wide range of applications. 322 
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Figure 1. Reduction of murine norovirus (MNV) (A) and hepatitis A virus (HAV) (B) 444 
titers (log TCID50/ml) after 2 h treatment at 37°C with GTE at different pHs.  445 
 446 
Each column represents the average of triplicates. Within each column for each virus, 447 
different letters denote significant differences between treatments (P < 0.05). Black 448 
bars: Control; grey bars: 0.5 mg/ml GTE; white bars: 5 mg/ml GTE; dashed line depicts 449 
the detection limit.  450 
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Table 1. Effect of green tea extract (GTE) against murine norovirus (MNV) at different 461 
temperatures and exposure times 462 
 463 

Temperature 
GTE 

(mg/ml) 

Exposure time 

2 h Overnight 

Recovered titer 
Log 

reduction 
Recovered 
titer 

Log 
reduction 

37°C 0 6.74 ± 0.26a - 4.87 ± 0.43a - 

 0.5 6.28 ± 0.31a 0.46 3.99 ± 0.14a 0.88 

 5 4.32 ± 0.00b 2.42 <1.15b >3.72 

25°C 0 6.28 ± 0.26a - 6.32 ± 0.12a - 

 0.5 6.28 ± 0.07a 0.00 5.99 ± 0.26b 0.33 

 5 5.32 ± 0.69a 0.96 4.57 ± 0.12c 1.75 

4°C 0 5.32 ± 0.25a - 6.32 ± 0.36a - 

 0.5 5.32 ± 0.12a 0.00 5.95 ± 0.00a 0.37 

 5 5.11 ± 0.40a 0.21 6.07 ± 0.00a 0.25 

Each treatment was done in triplicate. Within each column for each temperature, 464 
different letters denote significant differences between treatments (P < 0.05).  465 
 466 
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Table 2. Effect of green tea extract (GTE) against hepatitis A virus (HAV) at different 480 
temperatures and exposure times. 481 
 482 

Temperature 
GTE 

(mg/ml) 

Exposure time 

2 h Overnight 

Recovered 
titer 

Log 
reduction 

Recovered 
titer 

Log 
reduction 

37°C 0 6.49 ± 0.14a - 5.39 ± 0.09a - 

 0.5 6.07 ± 0.12b 0.42 3.45 ± 0.12b 1.94 

 5 5.41 ± 0.14c 1.08 <1.15 >4.24 

25°C 0 5.82 ± 0.00a - 5.51 ± 0.26a - 

 0.5 5.62 ± 0.14a 0.20 3.28 ± 0.07b 2.23 

 5 5.12 ± 0.79b 0.70 <1.15 >4.36 

4°C 0 6.32 ± 0.12a - 6.15 ± 0.28a - 

 0.5 6.32 ± 0.12a 0.00 5.95 ± 0.12a 0.20 

 5 6.07 ± 0.21a 0.25 4.99 ± 0.31b 1.16 

Each treatment was done in triplicate. Within each column for each temperature, 483 
different letters denote significant differences between treatments (P < 0.05).  484 
 485 
 486 
  487 
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 488 
Table 3. Reduction of murine norovirus (MNV) and hepatitis A virus (HAV) titers (log 489 
TCID50/ml) on clean surfaces after GTE treatments at room temperature.  490 

 491 

Each treatment was done in triplicate. Within each column for each surface and 492 
exposure time, different letters denote significant differences between treatments (P < 493 
0.05).  494 
  495 

Surface  
Exposure 

time 
(min) 

GTE  
(mg/ml) 

MNV HAV 

Recovered 
titer 

Log 
reduction 

Recovered 
titer 

Log 
reduction 

Steel 15 0 6.12 ± 0.26a - 4.70 ± 0.12a - 
5 5.11 ± 0.07b 1.01 4.37 ± 0.07b 0.33 
10 4.70 ± 0.12c 1.42 3.95 ± 0.33c 0.75 

30 0 5.41 ± 0.19a - 5.07 ± 0.53a  - 
5 3.76 ± 0.09b 1.68 2.99 ± 0.07b 2.08 
10 1.95 ± 0.12c 3.46 <1.15 >3.92 

Glass 
 

15 
 

0 6.37 ± 0.31a - 4.64 ± 0.38a - 
5 4.64 ± 0.08b 1.73 4.62 ± 0.26a 0.02 
10 4.41 ± 0.56b 1.96 3.74 ± 0.07b 0.90 

30 
 

0 6.57 ± 0.12a - 3.95 ± 1.06a - 
5 5.26 ± 0.08b 1.31 <1.15 >2.80 
10 4.78 ± 0.64b 1.79 <1.15 >2.80 
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Table 4. Reduction of murine norovirus (MNV) and hepatitis A virus (HAV) titers (log 496 
TCID50/ml) on dirty surfaces after treatment with GTE at room temperature.  497 

Each treatment was done in triplicate. Within each column for each surface and 498 
exposure time, different letters denote significant differences between treatments (P < 499 
0.05). * One positive sample out of three; ** Two positive sample out of three. 500 
 501 
  502 

Surface  
Exposure 

time 
(min) 

GTE  
(mg/ml) 

MNV HAV 

Recovered 
titer 

Log 
reduction 

Recovered 
titer 

Log 
reduction 

Steel 15 0 4.95 ± 0.12a - 4.43 ± 0.16a - 
  5 4.64 ± 0.26b 0.31 3.12 ± 0.26b 1.31 
  10 4.53 ± 0.16b 0.42 3.20 ± 0.00b 1.23 
 30 0 5.62 ± 0.26a - 4.64 ± 0.09a - 
  5 3.51 ± 0.08b 2.11 3.53 ± 0.07b 1.10 
  10 3.53 ± 0.26b 2.09 <1.15 >3.49 

Glass 15 0 4.53 ± 0.38a  5.07 ± 0.35a - 
  5 4.45 ± 0.38a 0.08 3.87 ± 0.14b 1.21 
  10 4.20 ± 0.00a 0.33 3.46** 1.61 
 30 0 5.76 ± 0.26a - 4.20 ± 0.00a - 
  5 4.01 ± 0.26b 1.75 <1.15 >3.05 
  10 4.12 ± 0.07b 1.64 <1.15 >3.05 
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Figure 2. Reduction of murine norovirus (MNV) (A) and hepatitis A virus (HAV) (B) 503 
titers (log TCID50/ml) on lettuce and spinach surfaces after 30 minutes treatment with 504 
GTE at room temperature at two inoculation level.  505 
 506 
Each column represents the average of triplicates. Within each bar for each vegetable, 507 
different letters denote significant differences between treatments (P < 0.05). *One 508 
positive sample out of three; **Two positive samples out of three.  509 
Black bars: Control; grey bars: 5 mg/ml GTE; white bars: 10 mg/ml GTE; dashed line 510 
depicts the detection limit. High: high inoculation level; Low: low inoculation level 511 
 512 
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