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Abstract

Gelatin-based films incorporated with Arbutus unedo fruit extract (AFE) were prepared and

characterized. LC-DAD analysis demonstrated that the most abundant phenolic compounds in

AFE were procyanidine B2 and gallic acid. The incorporation of AFE in gelatin tested film

(TF) caused a remarkable decrease in water vapor permeability (5.01 x 10 g.mm/h.cm?.Pa)

compared to control films (CF). FTIR analyses presented a broadening of amide A and I bands

in the spectrum corresponding to the tested film.

Films were used to coat samples on fresh fillets of Sardina pilchardus intentionally inoculated

with Staphylococcus aureus, Listeria monocytogenes, and Pseudomonas aeruginosa. Fish
samples were stored refrigerated for 12 days; TF exhibited important antimicrobial activity
against the tested bacteria, especially against S. aureus.

The obtained results will encourage the use of gelatin-based film containing AFE extract in
active food packaging systems to control surface contamination by foodborne pathogenic

microorganisms.

Novelty Impact Statement:

A. unedo extract (AFE) decreased gelatin water vapor permeability and contributed to the
formation of hydrogen bonds between the phenolic compounds and the protein matrix.
Active gelatin films were able to exert a remarkable antibacterial effect against S. aureus, L.
monocytogenes and P. aeruginosa, intentionally inoculated into sardine fillets.

This study demonstrated that the application of gelatin-based film containing AFE on fresh
sardine fillets could have a potential in controlling the growth of pathogenic and spoilage

bacteria.
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2 50 Keywords: antimicrobial gelatin-based film, antibacterial activity, Arbutus unedo, phenolic
Z 51  compounds, Sardina pilchardus

7

8 52

9

10 53 1. Introduction

54  Marine food and especially fish represents a significant source of nutrients in the

15 55  Mediterranean eating regime. Among other species, sardine represents the most consumed fish
17 56 in this region (Zlatanos & Laskaridis, 2007). Due to their relatively cheap source of animal

19 57  protein for the population and their high content of omega-3 fatty acids, sardines are among
2 58  the most important commercial fish. In addition, the demand for sardines is substantially high
24 59  due to the high price of beef, poultry and other fish species (Odhiambo et al., 2018).

26 60  Nevertheless, sardine (as most type of fish) is a perishable food whose shelf life is limited by
61  enzymatic and microbiological deterioration. Indeed, psychrophilic bacteria are the main

31 62  group of microorganisms responsible for spoilage in chilled seafood: several studies have

33 63  reported on the incidence of pathogenic bacteria which can cause major health problems to
64  consumers due to the presence of Salmonella spp., Vibrio spp., Listeria, and many spoilage
38 65  bacteria including Pseudomonas (Mol et al., 2007).

40 66  Apart from conventional methods such as smoking, drying, frying, freezing, canning and

42 67  sometimes salting to preserve sea food, in the last decade new strategies of preservation have
45 68  been setup, in particular the development of active food packaging materials, not only to

47 69  ensure food safety, but to improve the shelf life of perishable food products (Espitia et al.,

49 70  2016; Rollini et al., 2016).

71 Active packaging is defined as “a mode of packaging in which package, product and

54 72 environment interact to prolong shelf life or enhance safety and/or quality of the food product”
56 73 (Suppakul et al., 2003). Active packaging can be incorporated with compounds, such as plant

74  extracts and essential oils, with specific antioxidant and/or antimicrobial activities. In recent
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years, one of the most promising solutions is the antimicrobial packaging, in which the
package is able to inhibit microbial growth due to the controlled release of trapped bioactive
compounds (Ahmed et al., 2018; Rollini et al., 2020; Vahedikia et al., 2019).

The choice of using naturally occurring antimicrobial substances in biodegradable films and
coatings for food packaging applications is noteworthy, coupling the possibility of reducing
the use of plastics with the possibility of increasing food shelf-life (Sung et al., 2013). Several
researches have focused on the use of plant extract and purified phenolic compounds in active
packaging: green tea extracts (Amankwaah et al., 2020), oregano (Kazemi & Rezaei, 2015),
clove bud essential oil (Otoni et al., 2014), wormwood (Artemisia scoparia) extract (Hanif et
al., 2019), curcuma extract (Roy & Rhim, 2019) as well as tomato by-products hydrolysate
(Gallego et al., 2020).

Arbutus unedo L., (A. unedo) or strawberry tree (Ericaceae) is one of the most largely
distributed plants in the Mediterranean region (Oliveira et al., 2011). A4. unedo fruit is a source
of vitamin C, dietary fibers and bioactive compounds (Ruiz-Rodriquez et al., 2011), in
particular flavonoid and polyphenols with important antioxidant and antimicrobial power
(Oliveira et al., 2011; Ben Salem et al., 2018). However, this plant remains largely under-
exploited even if several global organizations are currently undertaking to increase the use of
this species (FAO, 2010).

In this frame, the objective of this study is to develop an antimicrobial gelatin-based film
incorporated with A. unedo fruit extract (AFE), and to investigate its antibacterial effect
against foodborne pathogens as Listeria monocytogenes and Staphylococcus aureus, as well as
spoilage bacteria such as Pseudomonas aeruginosa, in sardine fillets during refrigerated
storage. To the best of our knowledge, no papers on gelatin-based films incorporated with A.

unedo extract are present in the literature.
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2. Materials and Methods

2.1.  Materials

2.1.1. Plant material

Samples of 4. unedo mature fruit were collected in Texenna forest (about 20 km South of
Jijel, Eastern North of Algeria; 700 m of altitude) in November—December 2016. The fruit
was cut into small pieces and dried in an air-oven (Memmert, Germany) at 37°C and then
ground into fine powder using a blender. To prevent the oxidation of phenolic compounds,
dried samples were stored at 4°C in the darkness until use.

2.1.2. Bacterial strains

Three strains of the most common foodborne bacteria have been used in this study, all coming
from the official American Type Culture Collection (ATCC), namely S. aureus 25923, L.
monocytogenes 25922 and P. aeruginosa 27853.

2.1.3. Sardine samples

Fresh sardine samples (Sardina pilchardus) were purchased from a local market in Ain-Smara
Constantine (Algeria), and transferred into the laboratory in refrigerated containers (4°C).
Once arrived to the lab, fish samples were immediately eviscerated and rinsed with sterile
distilled water; sardine fillet samples were then used in storage trials.

2.1.4. Reagents and standards

Methanol, glycerol, sodium bromide (BrNa) and silica gel were all purchased from Biochem-
Chemopharma (Cosne-Cours-sur-Loire, France).

Commercial gelatin was obtained from Porcine skin Type A (300 g bloom, isoelectric point
7). Standards used for the identification and quantification of phenolic acids and flavonoids
chlorogenic acid, ferulic acid, caffeic acid, ellagic acid, gallic acid, vanillic acid, (+)-catechin,
procyanidin B2, quercetin, rutin (quercetin-3-O-rutinoside), isoquercetin (quercetin-3-O-

glucoside), apigenin, apigenin-7-O-glucoside, myricetin, narigenin and kaempherol were
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acquired from Sigma Chemical Co. (St. Louis, MO, USA). Solvents and reagents used for the
preparation of mobile phases and stock solutions were also purchased from Sigma-Aldrich:
water (Chromasolv® for HPLC), methanol (Chromasolv® for HPLC > 99.9%) and formic acid
(reagent grade, > 95%).

2.2. A. unedo extraction conditions

The extraction was realized as described by Isbilir ez al. (2012). In brief, 10 g of A. unedo
ripened fruit powder was macerated in 50 mL of absolute methanol; the mixture was left at
room temperature overnight with stirring. The extract was then filtered through Whatman No.
4 paper and residues were macerated twice in methanol (1:1, w/v). The solvent was then
evaporated at 40° C using a Rotavapor (Buchi, Switzerland). After having determined the
extraction yield, the crude extract was dissolved in distilled water in order to obtain a
concentration of 2 mg/mL; the obtained extract (AFE) was then stored at 4 °C in the darkness

for further trials.

2.3. HPLC-DAD analysis of AFE

The main polyphenol composition of AFE was assessed by HPLC/diode-array detector (DAD)
analysis, performed using a HPLC JascoExtrema LC-4000 system (Jasco Inc., Easton, MD,
USA) fitted with an auto sampler, a binary solvent pump, and a diode-array detector (DAD).
The separation and quantification were achieved using Synergy Polar-RP C18 column (250 x
4.6 mm L.D., 5 um particle size (Phenomenex, Torrance, CA, USA) preceded by a Polar RP
security guard cartridge. The column temperature was set at 35 °C. The mobile phase
consisted of 0.1% (v/v) formic acid in distilled water (A) and acetonitrile (B). Injection
volume was 20 pL and flow rate was kept at | mL/min. Elution was performed according to
the following conditions: 0—2 min 90% (A), 2-17 min from 90 to 40% (A), 17-22 min 40%
(A), 22-28 min from 40 to 90% (A), 28-33 min 90% (A) (Annunziata et al., 2019).

HPLC/DAD analyses were performed monitoring three different wavelengths: 280 nm for
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1

2

z 150  procyanidin and flavanols, 315 nm for hydroxycinnamic acids and 360 nm for flavanols.

Z 151 Phenolic compounds were identified by comparing retention time and UV absorption spectra
7

8 152  with available standards. Quantification was performed with standard curves of external

9

10 153  standards generated by plotting HPLC peak areas against the concentrations (mg/L) (R>>0.99).

13 154

14 ] .
15 155  2.4. Gelatin-based film preparation
16

17 156  Film forming solutions (FFS) were prepared as described by Gémez-Estaca et al. (2009).
19 157  Gelatin powder (final concentration in FFS of 4g/100ml) was initially dissolved in distilled
5o 158  water to a ratio of 4g/50ml. On the basis of the study reported by Thomazine et al. (2005),
24 159  glycerol (0.3 g/g of gelatin) was added as plasticizer. After appropriate mixing, AFE was

26 160 incorporated at a ratio of 1:1 (dissolved gelatin: AFE). The final concentration of the AFE in

;g 161  FFS for tested films (TF) was 1 mg/ml. FFS for Control films (CF) were prepared as described
30

31 162  above by replacing the AFE with distilled water.

32

33 163  Each FFS was heated at 40 °C and stirred for 15 min to obtain homogeneous solutions, then
164  gently and equitably poured into trays to obtain uniform thickness (0.1 mm). FFSs were then
33 165  dried in a ventilated oven (Memmert, Germany) at 45 °C for 15 h. The obtained films were
40 166  conditioned in a desiccator over a saturated BrNa solution (Relative Humidity 58%) at 22 °C
42 167  for 2 days before use.

45 168  2.5. Analyses of active films

47 169  2.5.1. Visual aspect

49 170  Before using the prepared films in trails, they were examined for their visual appearance by

g; 171 evaluating the homogeneity of the color and the presence of insoluble particles.
53

54 172 2.5.2. Water vapor permeability

55

56 173  Water vapor permeability (WVP) of films was measured using a modified ASTM method

174 (1989) as described by Shiku et al. (2004). Films were attached over the openings of a glass
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cups with silicone vacuum grease and an O-ring to hold the film in place, each cup contains
dry silica gel (0% relative humidity). Cups were then placed in a desiccator with a flask
containing distilled water at 30°C. Cups were weighed at 1 hour intervals over a 7 hours

period and Water vapor permeability was calculated using the equation:

w XX
_AXtX(Pz—Pl)

WVP
Where, w: weight gain of the cup (g), x: film thickness (mm), A: the area of exposed film
(cm?), t: the elapsed time for the weight gain (h), and (P,-P,) the partial vapor pressure
difference between the dry atmosphere and pure water. WVP was expressed as
(g.mm/h.cm?.Pa).
2.5.3. Opacity
The barrier properties of prepared films to visible light were measured using a UV—Visible
recording spectrophotometer (UV-1800, Shimadzu Co., Kyoto, Japan). Films were cut into
rectangle pieces and directly placed into a spectrophotometer test cell, using an empty test cell
as blank. The opacity index (O) of the films was calculated by following equation (Han &
Floros, 1997):

0 = (Abseo0)/x

Where, Absgg: absorbance at 600 nm, and x: film thickness (mm).
2.5.4. Water solubility
Firstly, the dry weight of 4 cm? film portions was determined; portions were subsequently
placed in beakers and 15 mL of distilled water was added to each portion; beakers were then
closed and moderately stirred for 15 h at 22 °C. The mixtures were then filtered through no. 1
Whatman filter paper to recuperate the remaining undissolved films, which were desiccated at

105 °C for 24 h. Film solubility (FS) was calculated by the following equation (Gémez-Estaca

et al., 2009):
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(Wo—Wwy)

FS(%) = TXlOO
0

Where, W: the initial dry weight of the film (g), and Wy the weight of the undissolved
desiccated film residue.

2.5.5. Fourier transforms infrared spectroscopy

Infrared spectra were obtained at room temperature using a Perkin—Elmer spectrometer
(PERKIN ELMER, USA) at a resolution of 8 cm™!. Fourier Transforms Infrared (FTIR)
technique was used in the transmission mode at a wave range of 4000-400 cm! (120 scans for
each sample). About ~30 mg of each film was then compressed with100 mg of KBr at 150
MPa isostatic press (CIP) in order to obtain a pellet of 200-300 pum of thickness.

All infrared spectra are reporting absorbance (A= - log (I/ly)) as a function of the incident
wave numbers.

2.6. Microbiological analyses

The initial microbial loads of sardine samples were evaluated. Total aerobic microbial count
(TAMC), coliforms, Salmonella, S. aureus, L. monocytogenes, P. aeruginosa, yeasts and
moulds have been investigated using classical microbiological techniques described by
Guiraud (2003).

2.6.1. Antimicrobial activity of active films on sardine fillets

The antibacterial effect of the active AFE films was determined against three bacterial strains,
i.e., S. aureus, L. monocytogenes, and P. aeruginosa during sardine fillets storage at
refrigerated temperature.

Sardine fillets (Iength 10 cm, width 1.8 cm) were separately inoculated with each bacterial
suspension containing approximately 10° CFU/g; the bacterial suspension loads were
standardized using McFarland solution. Fillets were then divided into four groups: in the first
and the second group, samples were wrapped in TF and CF (not containing AFE),

respectively. In the third group, sardine fillets were covered (swabbing) with a layer of filter-
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sterilized AFE (without gelatin). The fourth group remained without any treatment as negative
control (NG). All the four sets were placed in sterile containers and stored in 4°C for 12 days.

The sampling was carried out every 3 days to assess the bacterial growth of inoculated strains.

2.7. Statistical analysis of data

All experiments were performed in triplicate. Data were subjected to analysis of variance
(ANOVA), and trials related to intentionally inoculated fish samples were compared to each
other using Tukey test at significance levels of p <0.05, 0.01, 0.001. Dunnett test was used to
compare each experiment group to the negative control. All statistics has been realized using
STATISTICA software version 11.0 (Copyright© Stat Soft, Inc.1984- 2012).

3. Results and discussion

3.1 Characterization of AFE Extract

In this study, the extraction yield of A. unedo fruit was 49.06 % of dry matter, slightly higher
but not statistically different from that found by Oliveira et al. (2011), i.e. 45.0 %.
HPLC-DAD analysis evidenced that 10 out of the 16 phenolic standards were present and
identified in AFE, as shown in Table 1; the extract is rich of polyphenols, especially
flavonoids and phenolic acids. Procyanidin B2 was the most abundant flavonoid (5.77
mg/mL) while others, such as quercetin -3-O- glycoside, rutin, catechin, mirecitin and
apigenin-7-O glycoside, were detected at lower concentrations. Concerning phenolic acids,
gallic acid was the most present in AFE (4.54 mg/mL), while ferulic, caffeic and vanillic acids
were present only in trace.

In their study on Tunisian fully mature 4. unedo fruit, Ben Salem et al. (2018) found that the
phenolic fraction was dominated by galloyl derivatives. Flavonols (quercetine, quercetin-3-
rutinoside, quercetin-3-xyloside, and quercetin-3-rhamnoside) and three flavan-3-ols, catechin

and epicatechin, procyanidin dimer were also found in the fruit extract.
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1

2

i 249  Similarly, Masmoudi et al. (2020) found that phenolic acids and their derivatives, as well as
Z 250  certain flavonoids, were mainly present in the methanolic extract of unripe 4. unedo fruit

7

8 251  (green-yellow color) from Tunisia, while quinic acid was the most abundant followed by

9

10 252 catechin and gallic acid.

1; 253 3.2 Characterization of gelatin-based films incorporated with AFE
14

15 254  3.2.1. Visual aspect

16

17 255  Gelatin-based films were incorporated with AFE to evaluate their antibacterial potential on

19 256  some foodborne bacteria commonly found in sardine fillets.

5 257 Out of all biopolymers, gelatin was chosen as is broadly utilized as a raw material for films

24 258  development. Gelatin films have excellent film forming capacity and good oxygen and water
26 259  barrier properties (Lee & Song, 2017). Moreover, it is known for its low cost, high

260 availability, reducing color loss and aroma deterioration properties, these latter making

31 261  gelating a good choice for prolonging the quality and shelf life of meat products (Odhiambo et
33 262 al.,2018).

263  Furthermore, the use of gelatin in packaging of highly perishable food products such as meat
38 264  and fish is based on its interesting mechanical (flexibility, tension) and optical (brightness and
40 265  opacity) properties, structural resistance to water and microorganisms as well as sensory

42 66 acceptability (Ramos et al., 2016).

45 267  Note also that gelatin can be used as a carrier to incorporate a wide variety of compounds,

47 268  such as natural phenolic compounds that may be used to improve the functional properties of
49 269  coatings and the shelf life of food products (Gallego et al., 2020).

270  In our study the prepared gelatin-based films (CF, TS) exhibit good homogeneity and absence
54 271  ofinsoluble particles, and they were transparent in color, nevertheless TF was slightly yellow
56 272 due to the natural color of AFE as shown in Fig. 1.

273 3.2.2. Water vapor permeability
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As water vapor permeability (WVP) measures the movement of water vapor molecules on the
film matrix, it affects the shelf life of food products (Nor Adilah et al., 2018). According to
Table 2, WVP of gelatin films decreased when AFE was incorporated (p<<0.001). This can be
explained by the presence of fruit extract molecules in TF matrix that limits the penetration of
water molecules through the film. In particular, the presence of phenolic compounds
exhibiting hydrophilic and hydrophobic groups can cause cross-linking with the hydrophobic
regions of gelatin proteins, as reported by Wu et al. (2013). Gomez-Guillén et al. (2007) also
registered a decrease in this parameter when adding murta extract to tuna-fish gelatin films.
3.2.3. Opacity

Both CF and TF have similar opacity (p>0.05); this can be attributed to the concentration of
AFE (2 mg/mL) added in TF which might be considered too low to cause a significant change
in opacity (Table 2). This characteristic is an important parameter for food packaging
materials because it allows both determining the degree of exposure to ultraviolet and visible
rays that could affect food spoilage and at the same time the film ability to act as a protective
barrier to prevent oxidation of packaged food products (Rubilar et al., 2013). Nor Adilah et al.
(2018) found that the opacity of a fish gelatin-based film incorporated with mango peel
extract, increased with extract concentrations. Gomez-Guillén et al. (2007) and Gémez-Estaca
et al. (2009) recorded high opacity values for films containing plant extracts; they also
explained this result as the enrichment of the films with polyphenols and, to a certain extent,
to polyphenol-protein interactions.

3.2.4. Water solubility

The addition of AFE to the gelatin did not produce any significant variation in water solubility
(p>0.05) (Table 2). According to Sifuentes-Nieves et al. (2015), water solubility of films is an
important factor in determining the biodegradability potential, since polymers most likely to

dissolve are easier to be hydrolyzed to smaller molecules.
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1

2

z 299  The non-significant difference between water solubility value of CF and TF suggests that AFE
Z 300 did not interfere with the arrangement of protein chains in gelatin matrix and, for that reason,
7

8 301 the film retains its hydrophilic characteristic, at least at the tested extract concentration.

9

10 302  To the best of our knowledge, no papers on gelatin-based films incorporated with A. unedo
303  extract are present in the literature. However, Bodini et al. (2013), reported similar results

15 304  about gelatin-based film with propolis extract. Gomez-Estaca et al. (2009) also reported that
17 305 the addition of oregano and rosemary aqueous extracts to bovine skin gelatin produced no

19 306 significant difference in films solubility.

5 307  3.2.5. Fourier-transform infrared spectroscopy (FTIR)

24 308  FTIR analysis was used to detect functional groups and structural changes in gelatin films at
26 309  molecular level (Dammak & Sobral, 2019). Figure 2 presents the FTIR spectra of TF and CF
310 respectively.

31 311 It is known that the specific regions of the FTIR spectrum representing the characteristic

33 312  protein bands consisting of amide A (3600-3100 cm ') derived mainly from stretching N-H,
313  while amide I (1750-1600 cm- ') originated mainly from stretching C=0 (Barth, 2007).

38 314  Figure 2 shows that the bandwidth of the amide A and I regions which appeared at 3416 cm™!-
40 315 1618 cm! and 3468 cm™'-1638 cm™! for CF and TF respectively has broadened in the spectrum
42 316  corresponding to TF because of the addition of AFE and more precisely with the presence of
45 317  phenolic compounds.

47 318 In the literature, the broadening of amide A and I bands in the indicated regions is due to the
49 319  formation of hydrogen bonds between proteins and phenolic compounds (Alkan et al., 2011).
320 Heetal (2011) also reported that band broadening at amide A and amide I of the spectrum of
54 321  collagen films containing procyanidins suggested the formation of hydrogen bonds between

56 322  collagen and phenolic compounds.
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In addition, absorption in the amide I region is most used for FTIR analysis of the secondary
structure of proteins. Yakimes et al. (2005) reported that the absorption peak at 1633 cm! is
characteristic of the spiral structure of gelatin. The displacement of the amide I band from
1618 cm “!in CF to 1638 cm! in TF suggested that AFE might affect the helical structure of
gelatin.

Zhao et al. (2016), proved the effect of natural extract on the modification of gelatin structure
by playing the role of a cross linking agent, leading to the formation of hydrogen bonds
between water and the free hydroxyl groups of amino acids and phenolic compounds.

From all these findings, we also suggest that AFE incorporation into gelatin film can

significantly improve and strengthen its structure.

3.3. Antibacterial activity of AFE films

Fish is one of the most perishable food products: its deterioration occurs mainly due to
microbial growth and metabolic activity, generating undesirable or unacceptable compounds
such as sulfides, alcohols, aldehydes, ketones, amines and organic acids (Yazgan et al., 2019).
Therefore, microbiological control of bacteria positively influences the quality and shelf life of
fresh fish; nevertheless, such aspect is a major problem for the fish processing industry.
Recently, researchers have focused on the use of natural antimicrobial additives to fish to
reduce microbial deterioration (Ozogul et al., 2017; Yazgan et al., 2019).

This paper focuses on the antibacterial effect of AFE on some of the most spoiling (P.
aeruginosa) and pathogenic bacteria (L. monocytogenes, and S. aureus) of sardines.

The final concentration of AFE in TF (1 mg/ml) was chosen on the basis of previous Minimal
Inhibitory Concentrations results (MIC), i.e. ~0.75 mg/ml. The AFE concentration was
calculated to be upper than MIC, in a way to insure the effective threshold of the extract on
tested microorganisms; we tried also to minimize the effect of condensed tannins on gelatin

film characteristics as its primary concentration in AFE was about ~12 mg equivalent tannic
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1

2

i 348  acid/g of extract). The use of glycerol as plasticizer enhances plasticity and elongation of

Z 349  gelatin film facilitating, by consequence, the manipulation and the wrapping of sardines

7

8 350 samples. The used glycerol/gelatin ratio was chosen on the basis of previous studies (Pefia-
9

10 351  Rodriguez et al., 2014; Thomazine et al., 2005). Other studies suggested a ratio of 0.250 g/g of
352  gelatin in the presence of higher concentrations of tannins in the FFS (10-30%) (Ortiz-Zarama
15 353  etal., 2016; Pefia et al., 2010). Tannins and glycerol have a synergistic effect in improving

17 354  gelatin film properties such as tensile strength, elastic modulus, temperature and enthalpy of
19 355 gelatin denaturation, UV-blocking capacity (Kriechbaum & Bergstrom, 2020; Ortiz-Zarama et
5o 356  al, 2016; Pefa et al., 2010; Tammineni et al., 2014). Tannins also have the ability to reduce

24 357  total soluble matter and water vapor permeability of gelatin films and lower the negative effect
26 358  of glycerol over these properties (Ortiz-Zarama et al., 2016). On the other hand, condensed
359 tannins are known of lowering gelatin crystallinity by decreasing protein—protein interactions
31 360 leading to the precipitation of gelatin (Gomez-Estaca et al., 2009; Naczk et al., 2006; Pefia et
33 361 al.,2010).

362 To avoid such effect, we kept condensed tannins concentration at a lowest level possible with
38 363  maintaining the concentration of AFE higher than MIC of tested microorganisms.

40 364  Nevertheless, a deeper investigation and optimization of gelatin-based film preparation

365 (formula and AFE glycerol/ gelatin ratio) will be needed.

45 366  The analysis of fresh sardines’ primary bacterial load showed the absence of all investigated
47 367  germs (coliforms, salmonella, yeast and mould) excepting TAMC with initial population of
49 368  around 1.18x10* CFU/g. These results indicate an acceptable quality of fresh fish as the

369  proposed upper limit for aerobic plate count is 5.10° CFU/g according to the International

54 370 Commission of Microbiological Specifications for Foods (ICMSF, 1986).

56 371  After intentional inoculation and during cold storage, the count of each inoculated bacterial

372 strain was measured and the growth curves were established (Figure 3). At the end of storage,
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the count of S. aureus was significantly reduced (p<0.01) from 5 to almost 1 log CFU/g in TF
samples, to 2.5 log CFU/g with AFE (Fig. 3a). Differently, the count of S. aureus in NC
samples increased gradually during the storage, and was significantly higher than TF, CF and
AFE samples (P < 0.05) since day 8.

As shown in Fig. 3b and 3c, the counts of P. aeruginosa and L. monocytogenes showed an
increase until day 5 in all samples (P<0.05). After day 5, their population gradually decreased
until the end of the trial (day 12) only in samples containing AFE, when L. monocytogenes
reached 0.7 and 0.3 log CFU/g for TF and AFE respectively. For P. aeruginosa, the count of
this bacterium on sardine fillets wrapped in TF recovers its initial number (10° CFU/g) by day
12.

The antibacterial activity of 4. unedo fruit extract against P. aeruginosa and S. aureus has
been determined in previous study (Ben Salem et al., 2018). The most abundant phenolic
compound in AFE is procyanidin B2 (Table 1). Procyanidins exert a very strong inhibitory
and bactericidal effect on S. aureus by destroying the integrity and permeability of the cell
wall and cell membrane, thereby affecting protein synthesis and binding to DNA (Li et al.,
2017).

Another important compound of AFE, gallic acid, is known for its relative toxicity towards
microorganisms: specifically, it has a potent antibacterial activity, the primary target being the
bacterial cell membrane which leads to irreversible changes in permeability, rupture and pore
formation (Borges et al., 2013). Furthermore, Luis et al. (2014) noted that gallic acid was the
most active compound against S. aureus ATCC 25923, able to influence cell adhesion
properties and to inhibit the oxidation of proline, resulting a disruption of critical energy
metabolism. Moreover, the same authors proposed that the action mechanism of caffeic acid
(also present in AFE) is associated with cell membrane damage and changes in the aerobic

metabolism of S. aureus cells.
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Also flavonols including rutin, myricetin and quercetin-3-glucoside (present in AFE) exert
antimicrobial activity, due to their ability to bind to the lipid bilayer of the membrane. They
were found also to stimulate the formation of aggregates and agglutination of staphylococcal
cell wall (Kajiya et al., 2002; Shah et al., 2008).

In the present context, the significant reduction of S. aureus count may be attributed to the
combined action of AFE rich in flavonoids and phenolic acids endowed with strong
antimicrobial activity, together with the micro-environment created by the gelatin film at low
temperature. Films containing active molecules such as plant extracts are rich in phenolic
compounds which tend to positively retard microbial proliferation in meat products (Umaraw

et al., 2020).

Chibane et al. (2018) reported that the use of films and coatings as vectors of bioactive
molecules can ensure their efficacy on the site of action.

The limited antibacterial effects of TF and AFE evidenced during the first five days of storage
against P. aeruginosa and L. monocytogenes could be attributed to the psychrophilic nature of
these two bacteria, which could have limited AFE antimicrobial activity (Ravishankar et al.,
2009).

Nevertheless, AFE (rich of gallic acid, procyanidin B2 and flavonols) showed remarkable
antimicrobial activity in vitro (data not shown here). Sorrentino et al. (2018) reported a good
in vitro antimicrobial activity of gallic acid against Pseudomonas spp. Zhao et al. (2015) also
demonstrated that gallic acid caused irreversible damage to cell membranes by altering
hydrophobicity and local rupture or pore formation, leading to leakage of intracellular
constituents. Moreover, this acid not only reduced microbial contamination due to
Pseudomonas spp., but also exerted bacteriostatic/bactericidal action against other undesirable

microorganisms (Sorrentino et al., 2018).
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In a more recent study, gallic and ferulic acids have been reported to irreversibly change the
properties of bacterial membranes. For example, gallic acid mainly inhibits the growth of L.
monocytogenes through its ability to decrease extracellular pH (Pernin et al., 2019).

In our opinion, the antibacterial effect of AFE on tested microorganisms may be the result of
synergistic effect exerted by all the present components. The incorporation of AFE in gelatin
is particularly interesting, not only due to the possibility of maintaining its antimicrobial effect
against foodborne pathogens, but also because the direct contact between AFE and sardine is
avoided: especially in the use of natural preservatives, at high concentrations they can alter the

taste and aroma of food, affecting consumer’s acceptance (Lv et al., 2011).

Conclusions

From an overall look at the obtained results, it can be concluded that AFE incorporation in
gelatin film exhibited several positive effects in increasing shelf life of sardines. This extract
was found able to decrease gelatin water vapor permeability and contributed to the formation
of hydrogen bonds between the phenolic compounds and the protein matrix, which makes it
possible to improve films characteristics. In addition, this film was found to exert a
remarkable antibacterial effect against the tested strains, intentionally inoculated into sardine

fillets.

This study demonstrated that the application of gelatin-based film containing AFE on fresh

sardine fillets could have a potential in controlling the growth of pathogenic bacteria.

Acknowledgements
The authors would like to thank the University of Mohammed Seddik Ben yahia, Jijel,

University of Constantine I(INATAA), Constantine and the University of Abbes Laghrour,

Page 18 of 31



Page 19 of 31

oNOYTULT D WN =

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

Journal of Food Processing and Preservation

Khenchela (Algeria) for providing reagents and equipment for the realization of the present

study.

Declarations of interest
The authors declare no known competing financial interests or personal relationships that

could have appeared to influence the work reported in this paper.

Authors contributions

I. Bouhanna has made substantial contribution the analyses, wrote the original draft, and made
the first review and editing. A. Boussaa has made contributions to conception and design of
the study. A. Boumaza was involved in the setup of the applied methodologies. D. Rigano, M.
Maisto and A. Basile made substantial contribution in films characterization. S. Limbo and M.
Rollini supervised and edited the entire manuscript. T. Idoui supervised the entire research

project.

References

Ahmed, J., Mulla, M., Arfat, Y. A., Bher, A., Jacob, H., & Auras, R. (2018). Compression
molded LLDPE films loaded with bimetallic (Ag-Cu) nanoparticles and cinnamon essential
oil for chicken meat packaging applications. LWT Food Science and Technology, 93, 329—
338. https:// doi.org/10.1016/j.1wt.2018.03.051.

Alkan, D., Aydemir, L. Y., Arcan, I., Yavuzdurmaz, H., Atabay, H. L., Ceylan, C., &
Yemenicioglu, A. (2011). Development of flexible antimicrobial packaging materials against
Campylobacter jejuni by incorporation of gallic acid into zein-based films. Journal of

Agricultural and Food Chemistry, 59, 11003-11010. https://doi.org/ 10.1021/j£202584b.


https://doi.org/10.1021/jf202584b

oNOYTULT D WN =

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

Journal of Food Processing and Preservation Page 20 of 31

Amankwaah, C., Li, J., Lee, J., & Pascall, M. A. (2020). Antimicrobial activity of chitosan-
based films enriched with green tea extracts on murine norovirus, Escherichia coli, and
Listeria innocua. International Journal of Food Science, 2020, 1-9.
https://doi.org/10.1155/2020/3941924.

Annunziata, G., Maisto, M., Schisano, C., Ciampaglia, R., Narciso, V., Tenore, G. C., &
Novellino, E. (2019). Effects of grape pomace polyphenolic extract (Taurisolo®) in reducing
TMAO serum levels in humans: Preliminary results from a randomized, placebo-controlled,
cross-over study. Nutrients, 11(1), 139. https://doi.org/ 10.3390/nu11010139.

ASTM. (1989). Annual book of ASTM standards. American Society for Testing and Materials,
Philadelphia.

Barth, A. (2007). Infrared spectroscopy of proteins. Biochimica et Biophysica Acta (BBA) -
Bioenergetics, 1767, 1073-1101. https://doi.org/10.1016/j.bbabi0.2007.06.004.

Ben Salem, 1., Ouesleti, S., Mabrouk, Y., Landolsi, A., Saidi, M., & Boulilla, A.

(2018). Exploring the nutraceutical potential and biological activities of Arbutus unedo L.
(Ericaceae) fruits. Industrial Crops and Products, 122, 726-731.
https://doi.org/10.1016/j.indcrop.2018.06.024

Bodini, R. B., Sobral, P. J. A., Favaro-Trindade, C. S., & Carvalho, R. A. (2013). Properties of
gelatin-based films with added ethanol—propolis extract. LWT - Food Science and
Technology, 51, 104-110. https://doi.org/10.1016/j.1wt.2012.10.013.

Borges, A., Ferreira, C., Saavedra, M. J., & Simdes, M. (2013). Antibacterial activity and
mode of action of ferulic and gallic acids against pathogenic bacteria. Microbial Drug
Resistance, 19, 256-265. https:// doi.org/10.1089/mdr.2012.0244.

Chibane, L. B., Degraeve, P., Ferhout, H., Bouajila, J., & Oulahal, N. (2018). Plant
antimicrobial polyphenols as potential natural food preservatives. Journal of the Science of

Food and Agriculture, 99, 1457-1474. https://doi.org/ 10.1002/jsfa.9357.


https://doi.org/10.1016/j.bbabio.2007.06.004
https://doi.org/10.1016/j.indcrop.2018.06.024
https://doi.org/10.1016/j.lwt.2012.10.013
https://doi.org/10.1089/mdr.2012.0244

Page 21 of 31 Journal of Food Processing and Preservation

1

2

z 495  Dammak, I., & Sobral, P. J. D. A. (2019). Active gelatin films incorporated with eugenol

Z 496 nanoemulsions: effect of emulsifier type on films properties. International Journal of Food
7

8 497 Science & Technology, 54,2725-2735. https://doi.org/10.1111/ijfs.14183.

9

10 498  Espitia, P. J. P., Otoni, C. G., & Soares, N. F. F. (2016). Zinc oxide nanoparticles for food
499 packaging applications. In J. Barros- Velazquez (Ed.), Antimicrobial food packaging. San
15 500 Diego, CA: Elsevier. https://doi.org/10.1016/B978-0-12-800723-5.00034-6.

17 501 FAO. (2010). The contribution of plant genetic resources for food and agriculture to food

;g 502 security and sustainable agricultural development, In: The Second Report on the State of the
21

5 503 World’s Plant Genetic Resources for Food and Agriculture.

23

24 504  Gallego, M., Arnal, M., Talens, P., Toldra, F., & Mora, L. (2020). effect of gelatin coating

26 505 enriched with antioxidant tomato by-products on the quality of pork meat. Polymers, 12 (5),
506 1032. https://doi.org/10.3390/polym12051032.

31 507 Gomez-Estaca, J., Montero, P., Fernandez-Martin, F., Aleman, A., & Gomez-Guillén, M. C.

33 508 (2009). Physical and chemical properties of tuna-skin and bovine-hide gelatin films with

22 509 added aqueous oregano and rosemary extracts. Food Hydrocolloids, 23, 1334—1341.
37

33 510 https://doi.org/10.1016/j.foodhyd.2008.09.013.

39

40 511  Gomez-Guillén, M. C., Thl, M., Bifani, V., Silva, A., & Montero, P. (2007). Edible films

42 51 made from tuna-fish gelatin with antioxidant extracts of two different murta ecotypes leaves
45 513 (UgnimolinaeTurcz). Food Hydrocolloids, 21, 1133—1143.

47 514 https://doi.org/10.1016/j.foodhyd.2006.08.006.

49 515  Guiraud J. P. (2003). Microbiologie alimentaire. Industries agroalimentaires, Technique et
516 ingénierie. Ed. Dunod.

54 517  Han,J., & Floros, J. (1997). Casting antimicrobial packaging films and measuring their

56 518 physical properties and antimicrobial activity. Journal of Plastic Film and Sheet, 13, 287—

519 298. https://doi.org/10.1177/875608799701300405.


https://doi.org/10.1111/ijfs.14183
https://doi.org/10.3390/polym12051032
https://doi.org/10.1016/j.foodhyd.2008.09.013
https://doi.org/10.1016/j.foodhyd.2006.08.006
https://www.google.it/search?hl=fr&tbo=p&tbm=bks&q=bibliogroup:%22Industries+agroalimentaires%22&source=gbs_metadata_r&cad=3
https://www.google.it/search?hl=fr&tbo=p&tbm=bks&q=bibliogroup:%22Technique+et+ing%C3%A9nierie%22&source=gbs_metadata_r&cad=3
https://www.google.it/search?hl=fr&tbo=p&tbm=bks&q=bibliogroup:%22Technique+et+ing%C3%A9nierie%22&source=gbs_metadata_r&cad=3

oNOYTULT D WN =

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

Journal of Food Processing and Preservation Page 22 of 31

Hanif, J., Khalid, N., Khan, R. S., Bhatti, M. F., Hayat, M. Q., Ismail, M., ... Janjua, H. A.
(2019). Formulation of active packaging system using Artemisia scoparia for enhancing
shelf life of fresh fruits. Materials Science and Engineering: C, 100, 82-93.
https://doi.org/10.1016/;.msec.2019.02.101.

He, L., Mu, C., Shi, J., Zhang, Q., Shi, B. & Lin, W. (2011). Modification of collagen with a
natural cross-linker, procyanidin. International Journal of Biological Macromolecules, 48,
354-359. https://doi.org/10.1016/j.ijbiomac.2010.12.012.

ICMSF, International Commission on Microbiological Specifications for Foods (2" ed).
(1986). Microorganisms in foods. In: Sampling for microbiological analysis: principles and
scientific applications, vol 2, University of Toronto Press, Toronto.

Isbilir S. S., Orak H. H., Yagar H., Ekinci N. (2012). Determination of antioxidant activities of

strawberry tree (Arbutus unedo 1.) flowers and fruits at different ripening stages. Acta

Scientiarum Polonorum, Hortorum Cultus, 11, 223-237.

Kajiya, K., Kumazawa, S., & Nakayama, T. (2002). Effects of external factors on the
interaction of tea catechins with lipid bilayers. Bioscience, Biotechnology and Biochemistry,
66, 2330-2335. https://doi.org/10.1271/bbb.66.2330.

Kazemi, S. M., & Rezaei, M. (2015). Antimicrobial effectiveness of gelatin-alginate film
containing oregano essential oil for fish preservation. Journal of Food Safety, 35, 482—

490. https://doi.org/10.1111/jfs.12198.

Kriechbaum, K., & Bergstrom, L. (2020). Antioxidant and UV-Blocking Leather-Inspired
Nanocellulose-Based Films with High Wet Strength. Biomacromolecules, 21, 1720—1728.
https://dx.doi.org/10.1021/acs.biomac.9b01655.

Lee, K.-Y., & Song, K. B. (2017). Preparation and characterization of an olive flounder
(Paralichthys olivaceus) skin gelatin and polylactic acid bilayer film. Journal of Food

Science, 82, 706-710.


https://doi.org/10.1111/jfs.12198

Page 23 of 31 Journal of Food Processing and Preservation

1

2

z 545 Li, X, He, C., Song, L., Li, T., Cui, S., Zhang, L., & Jia, Y. (2017). Antimicrobial activity and
Z 546 mechanism of Larch bark procyanidins against Staphylococcus aureus. Acta Biochimica et

7

8 547 Biophysica Sinica, 49, 1058—1066. https://doi.org/ 10.1093/abbs/gmx112.

9

10 548  Luis, A, Silva, F., Sousa, S., Duarte, A. P., & Domingues, F. (2014). Antistaphylococcal and

:g 549 biofilm inhibitory activities of gallic, caffeic, and chlorogenic acids. Biofouling, 30, 69-79.
14

15 550 https://doi.org/ 10.1080/08927014.2013.845878.

16

17 551 Ly, F., Liang, H., Yuan, Q., & Li, C. (2011). In vitro antimicrobial effects and mechanism of
19 552 action of selected plant essential oil combinations against four food-related microorganisms.
5y 553 Food Research International, 44, 3057-3064. https://doi.org/10.1016/j.foodres.2011.07.030.

24 554  Masmoudi, M., Ammar, I., Ghribi, H., & Attia, H. (2020). Physicochemical, radical

;? 555 scavenging activity and sensory properties of a soft cheese fortified with Arbutus unedo L.
25 556 extract Food Bioscience, 35, 100579. https://doi.org/10.1016/j.bi0.2020.100579.
30

31 557 Mol S., Erkan, N., Uc¢ok, D., & Tosun, S. Y. (2007). Effect of psychrophilic bacteria to

33 558 estimate fish quality. Journal of Muscle Food, 18, 120—-128. https://doi.org/10.1111/5.1745-
559 4573.2007.00071 .x.

38 560 Naczk, M., Grant, S., Zadernowski, R., & Barre, E. (2006). Protein precipitating capacity

40 561  of phenolics of wild blueberry leaves and fruits. Food Chemistry, 96, 640—647.

42 562  Nor Adilah, A., Jamilah, B., Noranizan, M. A., & NurHanani, Z. A. (2018). Utilization of
45 563 mango peel extracts on the biodegradable films for active packaging. Food Packaging and
47 564 Shelf Life, 16, 1-7. https://doi.org/10.1016/5.fps1.2018.01.006.

49 565  Odhiambo, A., Birgen, J. K., Okemo, P. O., & Alaro, L. O. (2018). Microbial Quality of

g; 566 Preserved Sardines Sold in Mombasa. American Scientific Research Journal for
53

54 567 Engineering, Technology, and Sciences, 41, 133-145.

55

56 568  Oliveira, 1., Baptista, P., Malheiro Casal, R. S. A. B., & Pereira, J. A. (2011). Influence of

569 strawberry tree (Arbutus unedo L.) fruit ripening stage on chemical composition and


https://doi.org/10.1111/j.1745-4573.2007.00071.x
https://doi.org/10.1111/j.1745-4573.2007.00071.x
https://doi.org/10.1016/j.fpsl.2018.01.006

oNOYTULT D WN =

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

Journal of Food Processing and Preservation

antioxidant activity. Food Research International, 44, 1401-1407.
https://doi.org/10.1016/j.foodres.2011.02.009.

Ortiz-Zarama, M. A., Jiménez-Aparicio, A. R., & Solorza-Feria, J. (2016). Obtainment and
partial characterization of biodegradable gelatin films with tannic acid, bentonite and
glycerol. Journal of Food Science and Agriculture, 96, 3424-3431. DOI 10.1002/jsfa.7524.

Otoni, C. G., Pontes, S. F. O., Medeiros, E. A. A., & Soares, N. de F. F. (2014). Edible Films
from Methylcellulose and Nanoemulsions of Clove Bud (Syzygium aromaticum) and
Oregano (Origanum vulgare) Essential oils as shelf life extenders for sliced bread. Journal of
Agricultural and Food Chemistry, 62, 5214-5219.
https://doi.org/10.1021/5£501055f.

Ozogul, Y., Yuvka, I., Ucar, Y., Durmus, M., Kosker, A. R., Oz, M., & Ozogul, F. (2017).
Evaluation of effects of nanoemulsion based on herb essential oils (rosemary, laurel, thyme
and sage) on sensory, chemical and microbiological quality of rainbow trout
(Oncorhynchus mykiss) fillets during ice storage. LWT - Food Science and Technology, 75,
677—-684. https://doi.org/10.1016/j.1wt.2016.10.009.

Pena, C., de la Caba, K., Eceiza, A., Ruseckaite, R., Mondragon, I. (2010). Enhancing water
repellence and mechanical properties of gelatin films by tannin addition. Bioresource
Technology, 101, 6836—6842. doi:10.1016/j.biortech.2010.03.112

Pena-Rodriguez, C., Martucci, J. F., Neira, L. M., Arbelaiz, A., Eceiza, A., & Ruseckaite R.
A. (2014). Functional properties and in vitro antioxidant and antibacterial effectiveness of
pigskin gelatin films incorporated with hydrolysable chestnut tannin. Food Science and
Technology International, 01, 1-11. DOI: 10.1177/1082013214525429.

Pernin, A., Guillier, L., & Dubois-Brissonnet, F. (2019). Inhibitory activity of phenolic acids

against Listeria monocytogenes: Deciphering the mechanisms of action using three different

models. Food Microbiology, 80, 18-24. https://doi.org/10.1016/j.fm.2018.12.010.

Page 24 of 31


https://doi.org/10.1016/j.foodres.2011.02.009

Page 25 of 31 Journal of Food Processing and Preservation

1

2

z 595 Ramos, M., Valdés, A., Beltran, A., & Garrigds, M. C. (2016). Gelatin-Based Films and

Z 596 Coatings for Food Packaging Applications. Coatings, 6, 41. doi:10.3390/coatings6040041.
7

8 597  Ravishankar, S., Zhu, L., Olsen, C. W., McHugh, T. H., & Friedman, M. (2009). Edible apple
9

10 598 film wraps containing plant antimicrobials inactivate foodborne pathogens on meat and

1

:g 599 poultry products. Journal of Food Sciences, 74, 440—445. https://doi.org/10.1111/5.1750-
14

15 600 3841.2009.01320.x.

16

17 601 Rollini, M., Musatti, A., Cavicchioli, D., Bussini, D., Farris, S., Rovera, ... Barbiroli, A.

19 602 (2020). From cheese whey permeate to Sakacin-A/bacterial cellulose nanocrystal conjugates
5, 603 for antimicrobial food packaging applications: a circular economy case study. Scientific

24 604 Reports, 10,21358. https://doi.org/10.1038/s41598-020-78430-y.

26 605 Rollini, M., Nielsen, T., Musatti, A., Limbo, S., Piergiovanni, L., Hernandez Munoz, P., &
606 Gavara R. (2016). Antimicrobial performance of two different packaging materials on the

31 607 microbiological quality of fresh salmon. Coatings, 6(1), 6. doi:10.3390/coatings6010006.

33 608 Roy, S., & Rhim, J. W. (2019). Preparation of antimicrobial and antioxidant gelatin/curcumin
609 composite films for active food packaging application. Colloids and Surfaces B:

3g 610 Biointerfaces, 110761. https://doi.org/10.1016/j.colsurfb.2019.110761.

40 611 Rubilar, J. F., Cruz, R. M. S., Silva, H. D., Vicente, A. A., Khmelinskii, I., & Vieira, M. C.
42 612 (2013). Physico-mechanical properties of chitosan films with carvacrol and grape seed

45 613 extract. Journal of Food Engineering, 115, 466—474.

47 614 https://doi.org/10.1016/j.jfoodeng.2012.07.009.

49 615  Ruiz-Rodriquez, B. M., Morales, P., & Fernandz-Ruiz V. (2011). Valorization of wild

616 strawberry-tree fruits (Arbutus unedo L.) through nutritional assessment and natural

54 617 production data. Food Research International, 44, 1244-1253.

56 618 https://doi.org/10.1016/j.foodres.2010.11.015.


https://doi.org/10.1111/j.1750-3841.2009.01320.x
https://doi.org/10.1111/j.1750-3841.2009.01320.x
https://doi.org/10.1016/j.jfoodeng.2012.07.009
https://doi.org/10.1016/j.foodres.2010.11.015

oNOYTULT D WN =

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

Journal of Food Processing and Preservation

Shah, S., Stapleton, P. D., & Taylor, P. W. (2008). The polyphenol (-)-epicatechin gallate
disrupts the secretion of virulence-related proteins by Staphylococcus aureus. Letters in
Applied Microbiology, 46, 181-185. https://doi.org/ 10.1111/5.1472-765X.2007.02296.x.

Shiku, Y., Hamaguchi, P. Y., Benjakul, S., Visessanguan, W., & Tanaka, M. (2004). Effect of
surimi quality on properties of edible films based on Alaska pollack. Food Chemistry, 86,
493-499. https://doi.org/10.1016/j.foodchem.2003.09.022.

Sifuentes-Nieves, 1., Rendon-Villalobos, R., Jiménez-Aparicio, A., Camacho-Diaz, B. H.,
Gutiérrez Lopez, G. F., & Solorza-Feria, J. (2015). Physical, physicochemical, mechanical,
and structural characterization of films based on gelatin /glycerol and carbon nanotubes.
International Journal of Polymer Science, 2015, 1-8. https://doi.org/10.1155/2015/763931.

Sorrentino, E., Succi, M., Tipaldi, L., Pannella, G., Maiuro, L., Sturchio, M., & Tremonte, P.
(2018). Antimicrobial activity of gallic acid against food-related Pseudomonas strains and its
use as biocontrol tool to improve the shelf life of fresh black truffles. International Journal
of Food Microbiology, 266, 183—189. https://doi.org/10.1016/j.ijfoodmicro.2017.11.026.

Sung, S. Y., Sin, L. T., Tee, T. T., Bee, S.T., Rahmat, A. R., Rahman, W. A., ... Vikhraman,
M. (2013). Antimicrobial agents for food packaging applications. Trends in Food Science
and Technology, 33, 110—123. https://doi.org/10.1016/}.tifs.2013.08.001.

Suppakul, P., Miltz, J., Sonneveld, K. & Bigger, S. W. (2003). Active packaging technologies
with an emphasis on antimicrobial packaging and its application. Journal of Food Science,
68, 408-420.

Tammineni, N., Rasco, B., Powers, J., Nindo, Caleb., Unlii, G. (2014). Bovine and fish gelatin
coatings incorporating tannins: effect on physical properties and oxidative stability of salmon

fillets. Journal of Food Chemistry and Nutrition, 02, 93-102

Page 26 of 31


https://doi.org/10.1016/j.foodchem.2003.09.022
https://doi.org/10.1155/2015/763931
https://doi.org/10.1016/j.tifs.2013.08.001

Page 27 of 31

oNOYTULT D WN =

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

Journal of Food Processing and Preservation

Thomazine, M., Carvalho, R., & Sobral, P. (2005). Physical properties of gelatin films
plasticized by blends of glycerol and sorbitol. Journal of Food Science, 70, 172—-176.
https://doi.org/10.1111/5.1365-2621.2005.tb07132.x.

Umaraw, P., Munekata, P. E. S., Verma, A. K., Barba, F. J., Singh, V. P., Kumar, P., &
Lorenzo, J. M. (2020). Edible films/coating with tailored properties for active packaging of
meat, fish and derived products. Trends in Food Science & Technology, 98, 10- 24.
https://doi.org/10.1016/j.tifs.2020.01.032.

Vahedikia, N., Garavand, F., Tajeddin, B., Cacciotti, 1., Jafari, S. M., Omidi, T., & Zahedi, Z.
(2019). Biodegradable zein film composites reinforced with chitosan nanoparticles and
cinnamon essential oil: Physical, mechanical, structural and antimicrobial attributes. Colloids
and Surfaces B: Biointerfaces, 177, 25-32. https://doi.org/10.1016/j.colsurfb.2019.01.045.

Wu, J., Chen, S., Ge, S., Miao, J., Li, J., & Zhang, Q. (2013). Preparation, properties and
antioxidant activity of an active film from silver carp (Hypophthalmichthys molitrix) skin
gelatin incorporated with green tea extract. Food Hydrocolloids, 32, 42-51.
https://doi.org/10.1016/j.foodhyd.2012.11.029.

Yakimes, 1., Wellner, N., Smith, A. C., Wilson, R. H., Farhat, 1., & Mitchell, J. (2005).
Mechanical properties with respect to water content of gelatin films in glassy state. Polymer,
46, 12577e12585. https://doi.org/10.1016/j.polymer.2005.10.090.

Yazgan, H., Ozogul, Y., & Boga, E. K. (2019). Antimicrobial influence of nanoemulsified
lemon essential oil and pure lemon essential oil on food-borne pathogens and fish spoilage
bacteria. International Journal of Food Microbiology, 306, 108266.
https://doi.org/10.1016/j.ijjfoodmicro.2019.108266.

Zhao, Y., Chen, M., Zhao, Z., & Yu, S. (2015). The antibiotic activity and mechanisms of
sugarcane (Saccharum officinarum L.) bagasse extract against food-borne pathogens. Food

Chemistry, 185, 112—118. https://doi.org/ 10.1016/j.foodchem.2015.03.120.


https://doi.org/10.1111/j.1365-2621.2005.tb07132.x
file:///C:/Users/elitebook/Downloads/98
https://doi.org/10.1016/j.tifs.2020.01.032
https://doi.org/10.1016/j.colsurfb.2019.01.045
https://doi.org/10.1016/j.foodhyd.2012.11.029
https://doi.org/10.1016/j.ijfoodmicro.2019.108266

oNOYTULT D WN =

667

668

669

670

671

672

673

674

Journal of Food Processing and Preservation Page 28 of 31

Zhao, Y., Li, Z., Yang, W., Xue, C., Wang, Y., Dong, J., & Xue, Y. (2016). Modification of
gelatin with Galla chinensis extract, a natural crosslinker. International Journal of Food
Properties, 19, 731-744. https://doi.org/10.1080/10942912.2015.1013633.

Zlatanos S., & Laskaridis K. (2007). Seasonal variation in the fatty acid composition of three
Mediterranean fish — sardine (Sardina pilchardus), anchovy (Engraulis encrasicholus) and
picarel (Spicara smaris). Food Chemistry, 103, 725-728.

https://doi.org/10.1016/j.foodchem.2006.09.013.


https://doi.org/10.1080/10942912.2015.1013633
https://doi.org/10.1016/j.foodchem.2006.09.013

Page 29 of 31 Journal of Food Processing and Preservation

1

2

2 675  Table 1. Identification and quantification of phenolic compounds present in AFE by LC-
> 676 DAD.

7

8 Phenolic compound Concentration Phenolic Concentration
9 (mg/mL) compound (mg/mL)
10 Ferulic acid 0.002 Catechin 0.285

> Caffeic acid 0.006 Mirecitin 0.020

13 Gallic acid 4.544 Procyanidin B2 5.770

14 Vanillic acid 0.013 Apigenin-7-O 0.044

15 glycoside

16 Rutin 0.428 Quercetin -3-O- 0.431

17 glycoside

18 677

19

20

22

23 679

24

25 680

26

27

28 681

29

30 682  Table 2. Physical characteristics of the developed gelatin-based films expressed as mean +

32 683 SD. CF: control film; TF: tested film containing AFE.

35 Type of film
Tests
36 CF TF

38 WVP (gmm/h.cm2Pa)  898x10 £ 0.41x10 "  5.01x10 +0.11x10 "

M Opacity (mm) 0.210+0.001® 0.220 + 0.004®

43 Water solubility (%) 57.33+£2.92@ 61.32 +2.30@

45 684 Different letters (a, b) indicate significant differences (p< 0.05) as a function of the film type.

685
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(a) (b)

Figure 1. Visual aspect of prepared films: (a) control film, CF; (b) tested film containing

AFE, TF.
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Figure 2. FTIR spectrum of control film (CF) and tested film containing AFE (TF).
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Figure 3. Change of bacterial count during cold storage of sardine samples: (a) S. aureus, (b)
58 P. aeruginosa; (c) L. monocytogenes, (TF: Tested film with AFE, CF: Control film, NC:
60 Negative control, AFE: Arbutus fruit extract). CV in the range 8-10%.



