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1 Introduction
It is generalized that many compounds, such as polyphenols 

present in food, exert beneficial effects as antioxidants and/or 
anti-inflammatory agents. However, after ingestion many factors 
such as temperature, pH, food matrix and the presence of enzymes 
may influence not only the stability of polyphenolic compounds 
but also their biological properties (Pinto et al., 2017). Recently, 
there has been a growing interest on understanding dietary 
polyphenolic compounds bioaccessibility through the use of 
the exposure to in vitro digestion models. In vitro simulated 
gastrointestinal digestion model is a conventional method to 
assess the biological properties, such as the antioxidant potential 
of polyphenolics (Murugan et al., 2016).

As an essential element for health, zinc (Zn) represents the 
second most abundant inorganic micronutrient in the body 
(Wang et al., 2015). However, Zn toxicity can be involved in 
almost all metabolic processes through competition for uptake, 
inactivation of enzymes and dislocation of essential elements 
from functional sites (Rout & Das, 2003). In fact, the amounts 
of Zn consumed and its bioavailability can affect its intestinal 
absorption (Wang  et  al., 2015). Zn excess affects membrane 
integrity and permeability and induces oxidative stress via the 
generation of reactive oxygen species (ROS) which promotes the 

peroxidation of lipids (Marichali et al., 2016). It has been also 
reported that Zn toxicity reduces the survival rate of Escherichia 
coli, despite the proved role of Zn for microbes and other cell 
growth (Babich & Stotzky, 1978).

Fennel (Foeniculum vulgare cv dulce) is a perennial umbelliferous 
(Apiaceae) herb native to the Mediterranean areas. It is consumed 
as a fresh ingredient in many dishes, such as salads and soups. 
Its consumption is recognized as having several health benefits 
and therapeutic activities, particularly on digestive disorders, 
but also as antioxidant, and anti-inflammatory. Such virtues 
may be attributed to the presence of phytochemicals, such as 
flavonoids, phenolic acids and polyacetylenes in relatively high 
amounts (Rawson et al., 2013). The present research aimed to 
follow the antioxidant activity of two cultivated fennel bulb 
varieties (‘Latina’ and ‘Doux Florence’) either in the absence or 
presence of Zn supplementation during an in vitro digestion 
simulation. At the same time, it was also our goal to evaluate 
the effects of digested fennel bulb cultivated in the presence of 
Zn on the survival of E. coli during the exposure to a simulated 
gastrointestinal digestion model to elucidate about the potential 
protection action for human consumers.
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Abstract
Zn treatment effects on the stability of polyphenols, MDA (malondialdehyde) content, antioxidant and lipoxygenase inhibition 
activities of two varieties of fennel bulbs were studied by using an in vitro gastrointestinal digestion model. Likewise, the effect 
of Zn on viability cells of E. coli was also performed. The results revealed that high amounts of total phenolic and flavonoid 
compounds were released during the digestion process, especially after the intestinal phase. Additionally, the antioxidant and 
lipoxygenase inhibitory activity were affected by the gastrointestinal digestion process and seems to be correlated with total 
phenol contents. On the other hand, the viability of E. coli was not affected by the activity of our tested bulbs during passage 
through the artificial digestion model, but the treated bulbs activity contribute relatively to the inhibition growth of bacteria. 
The survival of E. coli in fennel bulbs was challenged with simulated gastrointestinal fluids and the results showed that the 
E. coli strains, despite having experienced a viability reduction at the intestinal phase, were able to overcome the exposure to the 
gastrointestinal synthetic fluids. This E. coli ability reinforces the need for good hygienic measures to assure safe fresh produce, 
even for those that are rich in antibacterial compounds.

Keywords: Foeniculum vulgare; Escherichia coli; antioxidant activity; anti-inflammatory activity.

Practical Application: The present research intends to clarify the biological properties of bulb fennel that is used in salads, 
as well as its effectiveness for protecting human consumers against pathogenic microorganisms, such as Escherichia coli, in a 
simulated gastrointestinal digestion model.
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2 Materials and methods
2.1 Chemicals

All chemicals and reagents were purchased from Sigma‑Aldrich 
(St. Louis, MO, USA) excepting Tris-HCl and hydrochloric acid 
(HCl) which were purchased from Merck, Darmstadt, Germany. 
Na2CO3 were purchased from Riedel de Haen (Seelze, Germany), 
Riedel-de-Haen Laboratory chemicals, Germany. Calcium 
chloride, Folin-Ciocalteu’s phenol reagents were purchased from 
Panreac Quımica, Montcada Reixac, Barcelona, Spain. Potassium 
dihydrogen phosphate (KH2PO4) and sodium dihydrogen 
phosphate (NaH2PO4) were purchased from VWR (Leuven, 
Belgium). Quercetin was purchased from Fluka Biochemika 
(Sigma-Aldrich,Steinheim, Germany). All  chemicals were of 
the highest purity available.

2.2 Plant material treatment

The experiment was conducted in a greenhouse in the plane 
area of North of Tunisia (EL Alia, Bizerte, Latitude: 37°10’ 08” N; 
Longitude: 10°02’00” E; Elevation above sea level: 102 m)), 
filled with a loamy sand soil, naturally lit with sunlight, with 
a temperature range of 20-30 °C and a relative humidity range 
of 50-80%. Two cultivars of sweet fennel plants: “Latina” (BL) 
and “Doux de Florence” (BDF) were cultivated according to the 
recommended technology reported by Senatore et al. (2013). 
The experimental design was a randomized blocks containing 
two plants (control and treated with Zn) of each variety arranged 
in individual pots (26 cm upper diameter, 18 cm lower diameter, 
25 cm in height) of 10 L volume, filled with the same soil. 
Zn treatment was performed by applying 2 mM ZnSO4·7H2O 
solution in plants during 75 days with renewing this solution 
every 5 days. Same conditions were applied to control samples 
(0 mM Zn) only with adding distilled water. The collected bulbs 
of each treatment were used for further analysis.

2.3 Total phenol and flavonoid content

The total phenolic content (TPC) was determined according 
to the method of Pavan et al. (2014) with minor modification. 
In brief, 25 µL of digested bulb solution was mixed with 150 µL 
Folin-Ciocalteu reagent, followed by the addition of 100 µL 
sodium carbonate solution. After incubation of 2 h at room 
temperature, the absorbance of the reaction mixture was read 
at 765 nm. Gallic acid was used as standard for calibration 
curve. TPC was expressed as mg Gallic Acid Equivalents (GAE) 
per mL (GAE/mL). The flavonoid content of the samples was 
determined by following the method of Pavan  et  al. (2014) 
with slight modification. Flavonoid amounts were measured at 
510 nm and the results were expressed in Quercetin Equivalents 
(QE) per mL (QE/mL).

2.4 Antioxidant and anti-inflammatory activities

The antioxidant activity of fennel bulb was determined by 
ABTS radical cation [2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid)] scavenging assay as described by Wang et al. 
(2015). An ABTS•+ stock solution was diluted with ethanol 70% 
to achieve an absorbance of 0.70 ± 0.02, at 734 nm. Then 20 µL 

of sample were added to the solution of ABTS, for 2 min, at 
734 nm, and the percentage of decolourisation was calculated as 
follows: % = [(A0 - A1)/A0] × 100, where A0 was the absorbance 
of the control (without sample) and A1 was the absorbance of 
the sample.

The lipid peroxidation prevention was determined by 
measuring the amount of malondialdehyde (MDA) as described 
by Chowdhury et al. (2017). Simply, digested bulb solution was 
homogenized in 0.1% (w/v) trichloroacetic acid (TCA) and 
centrifuged 10000 rpm at 4 °C, for 5 min, followed by mixing 
200 µL of the supernatant with 2.0 mL thiobarbituric acid (TBA) 
(0.5%) and 30 μL of 50 mM butylated hydroxytoluene (BHT). 
The reaction mixture was incubated for 30 min, at 95 °C. After 
cooling, it was centrifuged at 10000 rpm at 4 °C, for 15 min, 
and the absorbance of the supernatant was measured at 532 nm. 
The measurements were corrected for non-specific absorbance 
by subtracting the absorbance at 600 nm. The amount of MDA 
was calculated by using an extinction coefficient of 155 mM/cm.

In the lipoxygenase inhibition, the assay was performed 
to evaluate the anti-inflammatory activity according to the 
procedure described by El-Guendouz et al. (2016) with minor 
modifications. The reaction started with the mixture of the 
sample 10 µL and 5 µL of the enzyme solution (0.054 g/mL) 
to 937 µL borate buffers and 50 µL linoleic acid (0.001 M). 
The conversion of linoleic acid to 13-hydroperoxylinoleic acid 
was recorded at 234 nm and compared to the control solution 
which did not contain the extract. The % inhibition for different 
concentrations of the extracts and the IC50 values were calculated 
by using the following formula: % = [(A0 - A1)/A0] × 100 where 
A0 was the absorbance of the control (without sample) and A1 
was the absorbance of the sample. All assays were carried out 
in triplicate.

2.5 Gastrointestinal in vitro digestion

The in vitro gastrointestinal digestion process was adapted 
from the one described by Melo et al. (2013). The bacterial cells 
of three strains of Escherichia coli, strain S2, S3 (isolated from 
ready to eat salads) and the reference strain DSM 498 were 
previously recovered from maintenance at -80 °C in Trypticase 
Soy Agar (TSA) (Biokar Diagnostics). The inoculated Petri dishes 
were incubated at 37 °C during 24 h. For the assay an isolated 
colony from each E. coli strain was transferred to 10 mL of 
Trypticase Soy Broth (TSB) medium (Biokar Diagnostics) and 
grown under shaking conditions (120 rpm) at 37 °C overnight. 
The previously grown E. coli cells were transferred to fresh TSB 
(1:10) and were grown at 37 °C with agitation (120 rpm) until 
the OD600nm reached 0.3-0.4 (2.0x109 CFU/mL). Ten grams of 
fennel bulbs were cut in small and similar pieces, which were 
first disinfected with 200 ppm of bleach, dried in a flow cabinet 
for 15  min and thereafter exposed to UV light for 20 min. 
The fennel bulbs were then inoculated with 1 mL of the combined 
bacterial suspension. After drying, the mixture of the bacterial 
cells with the fennel bulbs was exposed to 6 mL simulated saliva 
fluid (KCl [89.6 g/L]; KSCN [20 g/L]; NaH2PO4 [88.8 g/L]; 
Na2SO4 [57 g/L]; NaCl [175.3 g/L]; NaHCO3 [84.7 g/L]; urea 
[25 g/L]; 290 mg of α-amylase; 15 mg of uric acid; 25 mg mucin, 
pH 6.8 ± 0.2) for 5 min, 37 °C, 60 rpm. After 5 min the artificial 
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gastric medium (1.884 mL NaCl [175.3 g/L]; 0.36 mL NaH2PO4 
[88.8 g/L]; 1.104 mL KCl [89.6 g/L]; 2.16 mL CaCl2·2H2O 
[22.2 g/L]; 1.2 mL NH4Cl [30.6 g/L]; 0.09 mL HCl 37% [w/w]; 
1.2 mL glucose [65 g/L]; 1.2 mL glucuronic acid [2 g/L]; 0.408 mL 
urea [25 g/L]; 1.2 mL glucosamine hydrochloride [33 g/L]; 0.12 g 
bovine serum albumin; 0.3 g pepsin; 30 mL mucin [12 g/L], 
pH 2.5) was added and incubated for 2 h, at 37 °C, with slight 
agitation (60 rpm), followed by mixing an artificial intestinal 
fluid (pH 6.5) to the gastric fluid with slight shaking for 2 h 
at 37 °C, 60 rpm. The  intestinal fluid was made by adding 
2.4 mL NaCl (175.3 g/L); 2.4 mL NaHCO3 (84.7 g/L); 0.6 mL 
KH2PO4 (8 g/L); 0.378 mL KCl (89.6 g/L); 0.6 mL MgCl2 (5 g/L); 
0.0108 mL HCl 37% (w/w); 0.24 mL urea (25 g/L); 0.54 mL CaCl2, 
2H2O (22.2 g/L); 0.06 g BSA; 0.54 g pancreatin; 0.09 g lipase 
and bile fluid is composed of 1.2 mL NaCl (175.3 g/L); NaHCO3 
(84.7 g/L); 0.168 mL KCl (89.6 g/L); 0.006 mL HCl 37% (w/w); 
0.4 mL urea (25 g/L); 0.4 mL CaCl2, 2H2O (22.2 g/L); 0.072 g 
BSA; 1.2 g bile (0.6 g porcine bile, 0.6 g bovine bile). As control, 
a combined suspension of the three E. coli strains was used. 
The bacterial suspension was centrifuged (3124 x g, 5 min, 4 °C) 
and exposed to the in vitro gastrointestinal system as described 
above. The viability of the bacterial cells was determined by the 
drop technique using TSA medium. Three biological replicates 
were tested and the viability determinations were performed 
in triplicate. The final pH value after the addition of the gastric 
fluid was 2.1 and after the addition of the intestinal fluid the 
pH value was 6.7.

For antioxidant activity, fresh sweet fennel bulbs Latina”(BL) 
and “Doux de Florence (BDF) Zn treated and non-treated ones 
were harvested in the spring 2014. The bulbs were washed 
thoroughly with sterile distilled water then stored at -80 °C 
for ultimate assays. About 10 g of samples were submitted 
independently to the applied in vitro digestion process starting 
from mouth, to stomach and small intestine using the same 
conditions as aforementioned.

2.6 Statistical analysis

Statistical analysis was performed with the Statistical Package 
for the Social Sciences (SPSS) 23.0 software (SPSS Inc., Chicago, 
IL, USA). Results were examined by using one-way analysis of 
variance (ANOVA) followed by Tukey’s multiple comparisons. 
The level of significance was set at p < 0.05. Correlations were 
achieved by Spearman’s correlation coefficient (r) at a significance 
level of 95% or 99%.

3. Results and discussion
3.1 Total phenol and flavonoid contents

Polyphenolic contents of non-treated and Zn treated bulbs 
were estimated in respect of digestion time, as shown in the 
Figures 1a and 1b.

Before digestion (time 0), in both varieties of fennel bulbs, 
those supplemented with Zn presented higher amounts of total 

Figure 1. Total phenol (a, b) and total flavonoid (c, d) contents (µg/g) in the simulated gastrointestinal fluids in the presence of fennel bulbs 
‘Doux Florence’ with no Zn treatment (B DF) and with Zn treatment (B DF Zn), fennel bulbs ‘Latina’ with no Zn treatment (B L)  and with Zn 
treatment (B L Zn).
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phenols that was generally kept over the simulated digestion 
(Figure 1a and Figure 1b). The highest amounts of phenols in 
the samples supplemented with Zn disagree with those already 
published by this team, in which Zn was responsible for lower 
accumulation of phenols in the aerial parts of both varieties 
(Majdoub  et  al., 2017). Fennel bulb ‘Latina’ had a higher 
concentration of total phenols than the ‘Doux de Florence’ 
variety. The same had already been observed but for the aerial 
parts (Majdoub et al., 2017).

The simulated gastrointestinal (GI) in vitro digestion affected 
the polyphenol content in both varieties (Figure 1a and Figure 1b). 
In both bulb varieties, the amounts of phenols increased in 
the gastric phase as well as in the intestinal phase, where they 
reached the highest values. The polyphenols are associated 
with various other types of molecules (carbohydrates, organic 
acids, amino acids, lipids, among other molecules) in the form 
of esters, glycosides, or polymers. In addition, the distribution 
of such secondary metabolites is not the same in all parts of the 
food (Bhatt & Patel, 2013; Manach et al., 2004). The quantitative 
evolution of polyphenols in simulated GI in vitro digestion has 
been studied and the results indicate that they can be dependent 
on the vegetable or fruit. For example, the polyphenol content 
has been described as decreasing along the simulated digestion 
in the case of pomegranate juice, apple, cherries or red cabbage 
(Bouayed  et  al., 2012; Fazzari  et  al., 2008); or increasing in 
the persimmon, broccoli, cashews, amaranth, wine and juices 
(Chandrasekara & Shahidi, 2011; Martínez‑Las‑Heras  et  al., 
2017; Pazinatto et al., 2013; Wootton-Beard et al., 2011). He et al. 
(2017) studied the evolution of phenols’ contents along the 
simulated digestive process of 22 fruit juices and they reported 
that, with the exception of one sample, an increase of polyphenol 
content was observed during in vitro digestion, being Punica 
granatum that presented the most elevated release of polyphenols 
(about 3-fold).

The evolution of flavonoids’ contents in the simulated 
gastrointestinal fluids in the presence of both varieties of fennel 
bulbs supplemented or not with Zn is depicted in Figure 1c and 
Figure 1d. As reported for total phenols, in almost all cases, those 
samples growing in a system supplemented with Zn presented 
higher concentrations of flavonoids. The concentration of 

flavonoids increased but only in the intestinal phase. Such was 
also observed for total phenols, nevertheless in the gastric phase 
the amounts did not increase in contrast to the results observed 
for total phenols (Figure  1a and Figure  1b). After ingestion, 
the phenols including flavonoids and/or their derivatives 
present in foods are gradually released from the food matrix 
and undergo alterations due to pH changes and enzyme action 
which may influence their absorption and biological activities 
(Thomas‑Valdés et al., 2018). Our results may suggest that the 
amounts of flavonoids are not significantly influenced by the 
gastric pH in contrast to the phenols’ content that underwent an 
increase in the gastric phase, although much more pronounced 
in the intestinal phase. According to Martínez-Las-Heras et al. 
(2017) who also found a significant increase of flavonoids in 
the intestinal phase of persimmon leaf infusion and fruit, such 
patterns may be explained by the key role of the intestinal enzymes 
and bile salts to catalyze the release of phenolics bound to the 
matrix as well as to the additional time of digestion.

3.2 Antioxidant and anti-inflammatory activities

The capacity for scavenging ABTS free radicals (Figures 2a and 2b) 
by fluids with bulbs of both varieties of non-treated and Zn 
treated-fennel was higher in the intestinal phase. This trend 
coincided with the highest release of phenols, and particularly 
flavonoids.

Such is easily confirmed through the correlations made between 
those secondary compounds and the capacity for scavenging 
ABTS free radicals: correlation coefficient was higher between 
the content of flavonoids and the capacity for scavenging ABTS 
free radicals (0.769; p<0.01)) than in the correlation between the 
content of phenols and the capacity for scavenging ABTS free 
radicals (0.615; p<0.01). The enhancement of the antioxidant 
activity after digestion was also previously reported for other 
vegetable juices and fruits (Cilla et al., 2011; He et al., 2017; 
Wootton-Beard et al., 2011), in contrast to other studies in which 
a decrease was reported respectively in Chilean white strawberry, 
wild currants or apple bagasse flour (Burgos-Edwards et al., 2017; 
Gullon et al., 2015; Thomas-Valdés et al., 2018).

The capacity for preventing lipid peroxidation was worst 
after in vitro digestion, particularly in the intestinal phase, in 

Figure 2. ABTS scavenging activity (%) of fluids with fennel bulb ‘Doux Florence’ with no Zn treatment (B DF) and with Zn treatment (B DF Zn) (a), 
and fennel bulb ‘Latina’ with no Zn treatment (B L)  and with Zn treatment (B L Zn) (b) subjected to a simulated gastrointestinal digestion.
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which the levels of malondialdehyde (MDA) were remarkably 
higher than in the remaining phases (Figure 3a and Figure 3b). 
MDA is a known biomarker for lipid peroxidation in which 
the lipids are the major targets of oxidizing agents and their 
oxidation results in short-chain aldehyde or carboxy derivatives, 
4-hydroxynonenal (HNE) and malondialdehyde (MDA) (García 
Fillería & Tironi, 2017). There is a positive correlation between 
the accumulation of MDA and the phenols and flavonoids. 
The results obtained in the present work may indicate that the 
highest amounts of phenols and flavonoids in the intestinal 
phase are positive in what concerns the capacity for scavenging 
some type of free radicals (i. e. ABTS) but these have a negative 
role in the prevention of lipid peroxidation, leading to the 
accumulation of MDA. In addition, the levels of this oxidation 
biomarker are significantly higher in Zn-treated bulbs of both 
varieties (Figures 3a, 3b).

Such results might be unexpected because Zn is considered to 
possess antioxidant property, since it works as a co-factor of some 
antioxidant defense enzymes (Marreiro et al., 2017). However, 
Ajina et al. (2017) reported that Zn provided to infertile men 
with asthenozoospermia and asthenoteratozoospermia did not 
prevent sperm lipid peroxidation or more recently, some authors 
(Lee, 2018; Marichali et al., 2016) described that an excess of 
Zn may cause oxidative stress evidenced by increased lipid 
peroxidation products (MDA) due to its pro-oxidant activity 
leading to cellular death.

The biosynthesis of leukotrienes is catalyzed by lipoxygenase 
through the oxidation of arachidonic acid or linoleic acid. 
During this process there is an introduction of diatomic 
oxygen (oxidation) giving rise to a hydroperoxy derivative of 
the fatty acid. The biosynthesis of those eicosanoids leads to the 
development of several inflammatory diseases (Rackova et al., 
2007). The inhibition of this enzyme prevents inflammatory and 
oxidation processes (Smith& Murphy, 2002).

The capacity for inhibiting the lipoxygenase activity is 
depicted in Figure 4a and Figure 4b, presented as IC50 values 
(µg/mL). As lower IC50 values as better is the activity. At time 0, 
and in both fennel varieties, the presence of Zn enhanced the 
capacity for inhibiting the lipoxygenase, since the IC50 values 
were significantly lower than those samples without any 
supplementation of Zn. This trend was maintained along the 
in vitro digestion process, with very few exceptions (Figure 4a 
and Figure 4b) that occurred particularly in the gastric phase 
(time 120 min in both varieties and time 60 min in the variety 
‘Latina’). The highest potency of the inhibition of lipoxygenase 
activity after digestion was also previously reported for coffee, 
ginger and cardamom extracts (Durak et al., 2015, 2017).

Antimicrobial activity

The survival of the of E. coli cells in the presence of the fennel 
bulbs (‘Doux de Florence’ (DF) and ‘Latina’ (L) grown in the 
absence of Zn or under Zn supplementation) was challenged 

Figure 3. MDA content (µmol/g FW) in fluids with fennel bulb ‘Doux Florence’ with no Zn treatment (B DF) and with Zn treatment (B DF Zn) (a), 
and fennel bulb ‘Latina’ with no Zn treatment (B L)  and with Zn treatment (B L Zn) (b) subjected to a simulated gastrointestinal digestion.

Figure 4. Lipoxygenase inhibitory activity (µg/mL bulb juice) of fluids with fennel bulb ‘Doux Florence’ with no Zn treatment ( B DF) and with 
Zn treatment (B DF Zn) (a), and fennel bulb ‘Latina’ with no Zn treatment ( B L)  and with Zn treatment (B L Zn)  (b) subjected to a simulated 
gastrointestinal digestion.
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with simulated gastrointestinal fluids and the results showed that 
the combined E. coli strains were able to overcome the exposure 
to the gastrointestinal synthetic fluids (Figure 5a and Figure 5b).

The E. coli cells challenged with synthetic saliva in the 
‘Doux de Florence’ bulb (DF) showing a significant reduction 
(p < 0.05) after 5 min in comparison to control and cells in DF 
with Zn supplementation (DF Zn). After the addition of the 
gastric fluid the E. coli cells either in the DF bulb with no Zn or 
under Zn supplementation experienced a significant reduction 
(p < 0.05) in comparison to control (Figure 5a). The addition 
of the intestinal fluid impaired more significantly (p < 0.05) 
the E. coli cells in the bulb DF Zn in comparison to control and 
E. coli cells in the bulb DF (Figure 5a). However, after 2 h the 
E. coli cells from DF Zn were able to recover and achieve similar 
numbers to E. coli cells recovered from DF bulb. It is important 
to stress that the viability of control E. coli cells remained the 
same throughout the gastrointestinal challenge (Figure  5a). 
The results of the experiment with the ‘Latina’ (L) bulb grown 
in the absence of Zn (Bulb L) or under Zn supplementation 
(Bulb L Zn) showed that the E. coli cells retain 100% survival rate 
after the addition of the synthetic saliva (Figure 5b). However, 
the addition of the gastric fluid impaired the viability of the 
E. coli cells recovered from the bulbs L and L Zn in comparison 
with the control E. coli cells over the 2 h of the gastric challenge 
(p < 0.05). The exposure of E. coli cells to the intestinal fluids 
caused a significant reduction of the bacterial cells from both 
bulbs, L and L Zn, but particularly to the viability of E. coli cells 
retrieved from the bulb L Zn (p < 0.05). However, after 2 h, the 
viability of E. coli cells from the bulb L Zn exceed (p < 0.05) the 
viability of the E. coli cells from the bulb L (Figure 5b). Also, in 
the experiment with the L bulbs, the control E. coli cells were 
able to overcome the gastrointestinal challenge (Figure 5b).

Overall the viability of E. coli cells was impaired by both 
fennel bulbs when exposed either to the gastric or intestinal 
fluids but mostly by exposure to the intestinal fluid in the bulbs 
that were under Zn supplementation (Figure 5a, Figure 5b). 
The  contamination of fresh produce and ready-to-eat salads 
with E. coli is well documented (Weller et al., 2017; Mikhail et al., 

2018) and represents a health risk to consumers, in particular 
to immunocompromised individuals that in virtue of their 
health status are obliged to consume healthier foods. The fact 
that the survival of E. coli cells was impaired more significantly 
at the intestinal phase, particularly in the presence of bulbs 
supplemented with Zn can be explained by the higher total 
phenol content and the higher concentration of flavonoids 
at the intestinal phase, especially for Zn supplemented bulbs. 
Nevertheless, E. coli cells were able to recover their survival 
after 2 h of the intestinal challenge even in the presence of the 
highest quantity of flavonoids. This behavior of the E. coli cells is 
characteristic of an adaptation response to injury agents (Begley 
& Hill, 2015; Faleiro, 2011). Our results reinforce the potential 
hazards of consuming contaminated fresh produce and the need 
for good hygienic practices.
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