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A B S T R A C T

The physical and functional properties of gelatin-based films enriched with organic extracts from Lepidium sativum
seeds were studied. Gelatin was extracted from the skin of dogfish (Squalus acanthias) and the functional gelatin-
based films were used to preserve cheese during chilled storage. Ethanol extract (LSE3) and gelatin-based film
enriched with LSE3 at 20 μg/mL showed high antioxidant potential using various complementary methods. No
significant difference was measured in the mechanical parameters of the enriched films in terms of thickness,
tensile strength and elongation at break. LSE3 incorporation at the highest level slighltly decreased the film L*
value from 90.30 � 0.10 to 88.10 � 0.12, while the b* value increased from 0.91 � 0.07 to 8.89 � 0.12. Wrapping
the cheese with gelatin-based film enriched with 20 μg LSE3/mL reduced the syneresis by 40% and stabilized the
color, peroxidation and bacteria growth as compared to the unwrapped sample after 6 days of storage. In addition,
cheese wrapped with the active gelatin-based film showed the lowest changes in texture parameters. Overall
results suggest the use of the enriched gelatin film as active packaging material to preserve cheese quality.
1. Introduction

Cheeses are popular dairy products, derived from milk after coagu-
lation by lactic bacteria and presenting particular characteristics, such as
the white color and acidity (Rinaldoni et al., 2014). However, the high
moisture content increased their sensibility to microbial and molds de-
velopments, which caused sensory damage and led to reduce their shelf
life (Afzaal et al., 2020). Therefore, many works studied the improve-
ment of the shelf life of the milk-derived products, such as the use of
modified atmosphere packaging (Khoshgozaran et al., 2012; Mas-
tromatteo et al., 2015). The storage in an atmosphere containing high
concentration of CO2 could stop the development of certain bacterial
strains of dairy products. However, this method depends on the type of
cheese, the used starter cultures and the storage conditions (Khoshgo-
zaran et al., 2012). Vacuum packaging was also used to reduce spoilage
ri).
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caused by the aerobic bacteria and molds, but it is still not suitable for all
types of cheese and could affect its sensory properties (Costa et al., 2016).

Food preservation needs to use various physical and chemical
methods to reduce the microbial development (Medeiros et al., 2014).
The packaging materials could be made from biological sources, such as
biodegradable and sustainable biopolymers, as an alternative to classic
synthetic materials that could affect the consumer's health (Costa et al.,
2018; Jridi et al., 2020; Mirzapour-Kouhdasht andMoosavi-Nasab, 2020;
Homayounpour et al., 2021). Biological materials used for food pack-
aging showed an excellent barrier to water vapor and oxygen, which
improved protection against microbiological spoilage (Etxabide et al.,
2017). Fish gelatin, characterized by its film-forming capacity and
transparency, could be used for packaging materials making to preserve
fruits (Khan et al., 2014) and meat (Jridi et al., 2018). In addition, the
enrichment of gelatin films with plant extracts serving as an antioxidant
agent were reported in the literature review. Rangaraj et al. (2021)
ember 2021
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studied the effect of incorporation of date fruite waste extract as an
antioxidant on the properties of gelatin films. Also, Riahi et al. (2021)
performed the addition of grap fruit seed extract on gelatin films used for
food packaging applications.

The combination between gelatin and other biopolymers, such as
pectin or chitosan, was used to improve the film properties (Jridi et al.,
2014a; Bermúdez-Oria et al., 2017). Bioactive compounds could be also
incorporated into gelatin films to give more protection of food against
oxidation and microbial spoilage. In fact, extracts rich in phenolics from
tea, mango or orange peel, and turmeric were used to improve the films
functional properties (Liu et al., 2015; Feng et al., 2016; Adilah et al.,
2018; Jridi et al., 2019; Bojorges et al., 2020; Huang et al., 2020).

Lepidium sativum L., commonly known as garden cress, is an edible
herb from the cruciferous family. This plant is usually used as leaf
vegetable and herbal medicine in many countries. In addition, different
organs of this plant showed interesting biological activities, such as
antimicrobial, antioxidant, anti-inflammatory, laxative and antidiarrheal
activities (Manohar et al., 2009; Mehmood et al., 2011; Alqahtani et al.,
2019; Rafi�nska et al., 2019; Getahun et al., 2020). To the best of our
knowledge, no reports on the industrial application of this interesting
medicinal plant. The use of edible coatings and antioxidant agents ob-
tained from medicinal plants would be a natural and sustainable strategy
to improve the quality of food products. Thus, the present work described
a food application of marine gelatin enriched with L. sativum seeds ex-
tracts. The mechanical, color and optical properties of the dogfish skin
gelatin films enriched with plant extracts were studied. Then, they were
used as a packaging material to preserve cheese (Ricotta) during its
refrigerated storage. The physicochemical changes of wrapped cheese
during chilling storage were determined.

2. Materials and methods

2.1. Extraction of gelatin from dogfish

Dogfish (Squalus acanthias) by-product generated after fish processing
was obtained from Sfax market (Sfax, Tunisia). Gelatin was extracted
from the fish skin as previously described by Salem et al. (2020). The
obtained gelatin was dried using a spray dryer (y productBüchi, Flawil,
Switzerland) with inlet temperature of 170 �C, outlet temperature of 88
�C and 12% pump aspiration. The gelatin used in this work contained
84.29% of proteins, 7.06% of moisture content and 3.25% of ash content
as reported by Salem et al. (2020).

2.2. Preparation of L. sativum seeds extracts (LSE)

L. sativum seeds were purchased from a local market of (Gabes,
Tunisia) at July 2020 and stored at 4 �C, 50% HR. The seeds were
collected during the month of April from central eastern Tunisia. Six
grams of seed powder were soaked in 100 ml of solvent: (i) 100%
distilled water; (ii) distilled water/ethanol (50/50, v/v) or (iii) 100%
ethanol. Each mixture was incubated for 24 h at 37 �C under continuous
stirring. After that, the mixtures were centrifuged at 6000�g for 30 min
(Gyrozen, yuseong-gu, South Korea) and the clear supernatants were
recovered. Then, the extracts containing ethanol were evaporated using
rotary evaporator (Büchi). After that, the different extracts of L. sativum
seeds (LSE1: water extract, LSE2: water/ethanol (50/50, v/v) extract and
LSE3: ethanol extract) were lyophilized (�50 �C, 0.001 mbar) and stored
at �20 �C until use.

2.3. Film preparation and characterization

2.3.1. Film preparation
Film forming solutions were prepared by dissolving separately gelatin

at 3% (m/v) concentration in distilled water at 60 �C. For the preparation
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of the active gelatin solutions, L. sativum extracts were dissolved in the
gelatin solution at a concentration of 5, 10 or 20 μg/mL. Glycerol was
used as a plasticizer to all solutions at a concentration of 15% (m/m
biopolymer powder). The solutions were maintained under stirring for
30 min. Subsequently, a volume of 25 mL of each film forming solution
was cast in polystyrene Petri dishes (13.5 cm diameter) and dried in a
ventilated climatic chamber (Binder, Tuttlingen, Allemagne) at 25 �C and
50% relative humidity (RH) for 48 h. Eventually, 4 types of gelatin-based
films were obtained: CF: control gelatin films without added LSE; F-LSE1,
F-LSE2 and F-LSE3 represent gelatin-based films containing water,
water/ethanol (50/50, v/v) and ethanol extracts at different concentra-
tions, respectively.

2.3.2. Film characterization

2.3.2.1. Film thickness. Digital thickness gauge (PosiTector 6000,
DeFelsko Corporation, USA) was used to measure the films thickness.
Four measurements at different positions were taken from each film
sample. The mean value was used in calculation and taken into account
for mechanical properties.

2.3.2.2. Mechanical properties. Tensile strength (TS, MPa) and elonga-
tion at break (EAB, %) of film samples were determined using a texture
analyzer (Stable Micro Systems, Godalming, UK) according to the stan-
dard method ISO 527-3 (equivalent to ASTM D882method). Rectangular
film samples (2.5 � 8 cm) were sized using a standardized precision
cutter (Thwing-Albert JD, NJ, USA) in order to get tensile test piece with
an accurate and parallel sides throughout the entire length. Film samples
were then placed in the extension grips of the testing machine and
stretched uniaxially with a cross-head speed of 50 mm/min until
breaking. The maximum load and the final extension at break were
determined from the corresponding stress-strain curves and used for
calculation of TS and EAB. Measurements were carried out at room
temperature and RH of 40 � 5%. Five samples for each formulation were
tested.

2.3.2.3. Color measurement. Color development was studied using a CIE
colorimeter (Konica Minolta, Osaka, Japan) with D65 illuminant type
and measurement geometry with di ¼ 0�/de ¼ 0�. Films color was
expressed as L* (lightness/brightness), a* (redness/greenness) and b*
(yellowness/blueness) values.

The difference (ΔE) and the saturation (C*) in color of the incorpo-
rated gelatin films were determined referred to the control films (100%
gelatin films) using Eqs. (1) and (2).

ΔE¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðL* � L*cÞ

2 þ ða* � a*cÞ2 þ ðb* � b*
cÞ

2
q

(1)

C* ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ða* � a*cÞ2 þ ðb* � b*

cÞ
2

q
(2)

L*, a* and b* are the color parameters of films incorporated with LSE3;
L*c, a*c and b*c are the color parameters of their control films (100%
gelatin films).

2.3.2.4. Water vapor permeability (WVP). WVP was determined
following the method described by Sobral and Habitante (2001). Films
were fixed onto the opening of cells (permeation area ¼ 15.9 cm2) con-
taining silica gel and the cells placed in desiccators with distilled water at
22 �C. It was then weighed at 1 h intervals over a period of 8 h. Three
films were used forWVP testing. WVP of the filmwas calculated using Eq.
(3).

WVP (g m�1s�1Pa�1) ¼ w � l � A�1 � t�1 � (P2– P1)
�1 (3)
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where w is the weight gain of the cup (g); l is the film thickness (m); A is
the exposed area of film (m2); t is the time of gain (s); (P2– P1) is the vapor
pressure difference across the film (Pa).
2.4. Evaluation of antioxidant activities

2.4.1. Ferric (Fe3þ) reducing power
The ability of samples to reduce ferric iron was determined according

to the method of Yildirim et al., 2001. A volume of 0.5 mL of each seed
extract (from 100 to 400 μg/ml) or 10 mg of each film were mixed with
1.25 mL 0.2 M potassium phosphate buffer (pH 6.6) and 1.25 mL of 1%
potassium ferricyanide solution. This mixture was kept at 50 �C in water
bath for 20 min. After cooling, 0.5 mL of 10% trichloro acetic acid was
added and centrifuged at 1000 � g for 10 min whenever necessary. The
upper layer of solution (1.25 mL) was mixed with distilled water (1.25
mL) and a freshly prepared 0.1% ferric chloride solution (0.25 mL). The
absorbance of the resulting solutions was measured at 700 nm after 10
min of incubation using a spectrophotometer (Jenway, Stone, UK). In the
reducing power assay, the presence of antioxidants in the L. sativum seed
extracts would result in the reducing of Fe3þ to Fe2þ, which can be
monitored by measuring the formation of Perl's Prussian blue (Fe4
[Fe(CN)6]3) at 700 nm. Three replicates were done for each sample.

2.4.2. β-carotene bleaching assay
The prevention of β-carotene from bleaching was determined ac-

cording to the method of Koleva et al. (2002). First, a β-carotene/linoleic
acid emulsion was prepared by dissolving 0.5 mg β-carotene, 25 μL
linoleic acid and 200 μL tween 40 in 1 mL chloroform. The chloroform
was then totally evaporated under vacuum using a rotatory evaporator at
50 �C. A volume of 100 mL of distilled water was added and the resulting
emulsion was vigorously stirred. Thereafter, 2.5 mL β–carotene/linoleic
acid emulsion were mixed with 0.5 mL of each seed extract (from 100 to
400 μg/ml) or 10 mg of each film. The absorbance was measured at 470
nm before and after incubation at 50 �C for 2 h and the β-carotene
bleaching activity was determined using Eq. (4).

β-carotene bleaching activity (%)¼ [1� (OD0�ODt)/(OD0’�ODt’)]� 100(4)

where OD0 and ODt are the absorbances of the test sample measured
before and after incubation, respectively; and OD0'and ODt’ are the ab-
sorbances of the control measured before and after incubation, respec-
tively. Tests were carried out in triplicate.

2.4.3. Radical scavenging activity on 1, 1-diphenyl-2-picrylhydrazyl
(DPPH�)

The DPPH�-radical scavenging activity was determined as previously
described by Bersuder et al. (1998). Firstly, 0.5 mL of each seed extract
(from 100 to 400 μg/ml) or 10 mg of each film were allowed to react with
375 μL ethanol solution and 125 μL 0.02% DPPH� solution. The reaction
mixtures were incubated for 60 min in the dark at room temperature (25
� 2 �C) and the reduction of DPPH�-radical was measured at 517 nm. The
test was carried out in triplicate and the DPPH�-radical scavenging ac-
tivity was calculated using Eq. (5).

DPPH�-radical scavenging activity (%) ¼ [(ODC � ODS)/ODC] � 100 (5)

where ODC, and ODS represent the absorbances of the control and the
sample reaction tubes, respectively. Tests were carried out in triplicate.

2.4.4. Ferrous (Fe2þ) chelating activity
The iron chelating was measured as previously described by Decker

and Welch (1990) with slight modifications. Firstly, 0.5 mL of each seed
extract (from 100 to 400 μg/ml) or 10 mg of each film were immersed in
50 μL 2 mM FeCl2–4H2O and 450 μL distilled water. The mixtures were
incubated at room temperature for 3 min. The reactions were initiated by
3

the addition of 200 μL 5 mM 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine-p,
p’-disulfonic acid monosodium salt hydrate (ferrozine solution). The
mixtures were then vigorously shaken and left to stand at room tem-
perature for 10 min. Control tube was prepared in the same way by
replacing the film with water. Blank tubes were prepared in the sameway
with substituting the ferrozine solution by water. The absorbance of the
solutions was measured at 562 nm and the inhibition percentage of
ferrozine-Fe2þ complex formation was calculated using Eq. (6).

Ferrous (Fe2þ) chelating activity (%) ¼ [(ODC þ ODB þ ODS)/ODC] � 100(6)

Where ODC, ODB and ODS represent the absorbances of the control, blank
and sample reactions tubes, respectively. Tests were carried out in
triplicate.
2.5. Antibacterial activity

2.5.1. Microbial strains
The antibacterial activities were realized against four bacterial

strains: Escherichia coli (ATCC 25922), Salmonella Typhimurium (ATCC,
19430), Bacillus cereus (ATCC 11778) and Micrococcus luteus (ATCC
4698).

2.5.2. Agar diffusion method
The antibacterial activities of the L. sativum seeds extracts was per-

formed referring to the method described by Valgas et al. (2007). Mi-
croorganism's culture suspensions (200 μL), containing 106 colony
forming units (CFU/mL) of bacteria cells, were spread on the surface of
Luria-Bertani (LB) agar medium. Then, 60 μL LSE at a concentration of 2
mg/mL were loaded into wells (6 mm in diameter) already punched in
the agar layer. The Petri dishes were kept at 4 �C for 1 h to favorise the
extract diffusion and then incubated for 24 h at 37 �C. At the end of the
incubation time, the diameter of growth inhibition zones (expressed in
mm) present around the wells were measured.

2.5.3. Determination of the minimum inhibitory concentration (MIC)
The minimal inhibitory concentration (MIC) values, which represent

the lowest extract concentration that completely inhibits the microor-
ganisms growth, were determined by a micro-well dilution method of
Wade et al. (2001). The inoculum of each bacterium was prepared and
the suspensions were adjusted to 106 CFU/mL. All the extracts were
dissolved in 100% ethanol and then dilutions series were prepared in a
96-well plate. Each well of the microplate included 40 μL of the growth
medium, 10 μL of inoculum and 50 μL of the diluted sample extract. The
plates were then covered with the sterile plate and incubated at 37 �C for
24 h. After that, 40 μL of 3-(4, 5-dimethyl-thiazol-2-yl)-2,5-diphenyl-te-
trazolium bromide (MTT) at a final concentration 2 mg/mL freshly pre-
pared in water was added to each well and incubated for 30 min. The
change to red colour indicated that the bacteria were biologically active.
The MIC was determined from the well where no change of MTT colour
was observed. The MIC values were done in triplicate.
2.6. Cheese preparation and preservation

2.6.1. Cheese preparation
Traditional Tunisian cheese (Ricotta) was purchased from a local

market (Sfax, Tunisia) in July 2020. Cheese was placed into food plastic
boxes, covered with ice and transported to the laboratory. Then, the
cheese was cut into 2 � 2 � 2 cm cubes and divided into three groups:

(i) U: unwrapped cheese;
(ii) CF: cheese wrapped with the control gelatin film;
(iii) F-LSE3: cheese wrapped with gelatin-based film enriched with

LSE3 at 20 μg/mL.
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Samples were placed into sterile bags and stored under refrigeration
at 4 �C for 6 days. The chemical composition, texture andmicrobiological
analysis of cheese samples were realized during the storage period.

2.6.2. Evaluation of weight loss
The weight loss of the cheese samples at days 2, 4 and 6 were

calculated by using Eq. (7).

Weight loss (%) ¼ (W0� Wt)/W0�100 (7)

Where W0 is the initial sample weight and Wt is the sample weight at 2, 4
and 6 days of refrigerated storage.

2.6.3. Evolution of water activity (aw) and pH
The pH and aw were measured by a pH meter (Metrohom, Metrohm,

Switzerland) and a aw apparatus (Sprint TH-500, Novasina, Switzerland)
during refrigerated storage.

2.6.4. Evolution of color property
The color of cheese samples was determined using a CIE colorimeter

(Konica Minolta, Osaka, Japan). The instrument was standardized using
standard white plates. An average value was determined by taking ob-
servations from three different cheese samples during refrigerated stor-
age. Lightness (L*) and redness (a*) were recorded and the saturation
(C*) and the difference in color ΔE was calculated using the equations
previously mentioned.

Were L*, a* and b* are the color parameters of the wrapped cheese
samples; L*c, a*c and b*c are the color parameters of the untreated cheese
pieces.

2.6.5. Microbial analysis
The microbiological analysis was determined according to the

method described by Vanden Berghe and Vlietinck (1991). Cheese (1 g)
from the different groups was homogenized with 9 mL 1% NaCl solution.
Ten-fold serial dilutions of these homogenates were performed and used
in bacterial enumeration. The total mesophilic bacteria count was
determined using plate count agar (PCA) (Sigma-Aldrich, USA) after in-
cubation at 37� 1 �C for 24 h. The total psychrophilic bacteria of samples
at days 1 and 6 were counted on PCA after incubation at 4 � 1 �C for 7
days. Bacterial counts were presented as logarithms of colony-forming
units per gram of cheese (log CFU/g).

2.6.6. Lipid peroxidation
Lipid peroxidation of samples throughout the storage period was

evaluated according to the method reported by Buege and Aust (1978).
The formation of thiobarbituric acid reactive substances (TBARS) were
estimated on the basis of their reactivity with 2-thiobarbituric acid (TBA)
under acidic conditions. Cheese sample (0.5 g) was homogenized with
525 μL TBS buffer (150 mM NaCl; 50 mM Tris-HCl; pH 7.4) and 375 μL
TCA-BHT (20% TCA; 1% butylated hydroxytoluene (BHT)) to precipitate
proteins, and then centrifuged (1000�g, 15 min, 4 �C). A volume of 400
μL of the supernatant was mixed with 80 μL 0.6 M HCl and 320 μL
Tris-TBA (26 mM Tris; 120 mM TBA). The mixture was then incubated
for 10 min at 90 �C. After cooling, the absorbance was recorded on a
UV–Vis spectrophotometer (SAFAS UVmc, Monaco, France) at 530 nm.
The TBARS values were calculated based on a standard curve of malon-
dialdehyde (MDA) (expressed as mg MDA/kg cheese) with concentra-
tions ranging from 0.2 to 1.2 mg of MDA.

2.6.7. Textural properties analyses (TPA)
The TPA parameters (strength, elasticity, chewiness and cohesive-

ness) were determined according to the method previously described by
Jridi et al. (2015) using a Texture analyzer (Lloyd Instruments Ltd, West
Sussex, UK). The samples were cut into small cubes of 2 � 2 cm in sides.
TPA profile was determined as per the program: pre-test speed: 0.5
4

mm/s; test speed: 5 mm/s and trigger force: 0.05 N. The cheese samples
were subjected to two cycle's compression to 30% of its original height
using a cylindrical probe with 12 mm of diameter. The measurement was
performed in triplicate.

2.7. Statistical analyses

Statistical analyses were performed with SPSS ver. 18.0, professional
edition using ANOVA analysis. Differences were considered significant at
p < 0.05, using the Duncun test. All tests were carried out in triplicate.

3. Results and discussion

3.1. Antioxidant potential of L. sativum extracts

3.1.1. DPPH�-radical scavenging activity
Free radical scavenging activity was thought to be one of the main

antioxidant mechanisms. The results of DPPH�-radical scavenging of the
different extracts were shown in Figure 1A. All curves shows that radical
scavenging activity increased significantly with the increase of the
extract concentration (p < 0.05). The ethanol extract (LSE3) showed the
highest scavenging activity reaching 97.65% at 400 μg/mL. Many studies
reported that ethanol extracts from L. sativum seeds or other plants show
a higher antioxidant potential than that of aqueous extracts (Zia-Ul-Haq
et al., 2012; Rafi�nska et al., 2019).

3.1.2. β-Carotene bleaching inhibition
In the β-carotene/linoleic acid emulsion, the loss of yellow color of

β-carotene was due to its reaction with conjugated diene hydroperoxides
resulting from linoleic acid oxidation (Ksouda et al., 2019). Figure 1B
shows that the extracts were capable to inhibit the β-carotene bleaching
by scavenging linoleate-derived free radicals. The β-carotene bleaching
inhibition activity increased significantly with increasing extract con-
centration (p < 0.05). The highest activity was also measured for LSE3
(94.75%), while the lowest value was measured for the LSE1 (87.25% at
400 μg/mL). Ait-Yahia et al. (2018) reported that water and ethanol
extracts of L. sativum seeds showed higher β-carotene bleaching inhibi-
tion activity than that of n-butanol extract.

3.1.3. Ferric (Fe3þ) reducing power
The reducing power measured the ability of compounds to give an

electron to Fe3þ, which was an important mechanism of phenolic anti-
oxidant mechanism (Khantaphant and Benjakul, 2008). The ability of
L. sativum seed extracts to reduce Fe3þ to Fe2þ was measured (Figure 1C).
The obtained results showed a significant increase of absorbance in a
dose dependent relationship (p < 0.05), which indicated an increase in
reductive ability of the extracts. LSE3 showed an important ability to
reduce ferric ion as compared to the other extracts. The significant
reducing power of L. sativum extracts could be explained by the presence
of certain secondary metabolites, which can act in the same way as
reductones by donating electrons to free radicals to convert them into
more stable products (Jayanthi and Lalitha, 2011).

3.1.4. Ferrous (Fe2þ) chelating effect
The Fe2þ chelating effect of the different extracts were presented in

Figure 1D. The obtained results also showed a significant increase of
chelating effect in a dose dependent relationship (p< 0.05) and the LSE3
showed the highest activity reaching 96.54% at 400 μg/mL. In this
context, Aydemir and Becerik (2011) reported that chelating effect of
methanol extract of L. sativum seeds was higher than ethanol and water
extracts with IC50 value of 137.19 μg/mL. Many studies reported that
flavonoids not only have radical scavenging activities but also able to
chelate transition metal ions, which may provide better protection
against lipid peroxidation (Olennikov et al., 2014).
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3.2. Antibacterial activities of L. sativum extracts

The antibacterial properties evaluated by growth inhibition zones
(mm) and minimal inhibitory concentrations (μg/mL) were determined
for the L. sativum extracts against Escherichia coli, Salmonella typhimurium,
Bacillus cereus and Micrococcus luteus. Table 1 shows the possibility of
formation of inhibition zones resulting from exposure of bacteria to
different extracts. The highest bacteriostatic activity was observed
against B. cereus (MIC ¼ 75 μg/mL) using LSE3 extract. Many works
studied the antimicrobial activity of L. sativum extracts that showed a
broad spectrum antimicrobial activity against Gram positive and Gram
negative bacteria (El-Maati et al., 2016). The obtained results encourage
the preparation of natural biomaterials for food products packaging
containing LSE, which could potentially promote the shelf-life extension
of wrapped food products.

3.3. Antioxidant capacity and physical properties of gelatin films

3.3.1. Antioxidant capacity
The antioxidant activities of gelatin-based films enriched with

different LSE concentrations were also measured using three comple-
mentary tests (Figure 2). The obtained results showed that the gelatin-
based film without added extract (control film) showed a relatively low
antioxidant capacity. Interestingly, LSE incorporation into the dogfish
gelatin films significantly increased (p< 0.05) their antioxidant potential
in a dose-dependent manner. The gelatin film enriched with 20 μg LSE3/
Table 1. Antibacterial activities of L. sativum seed extracts.

Bacteria LSE1 LSE2

IZ (mm) MIC (μg/mL) IZ (m

Escherichia coli 9.15 � 0.56a 250 7.89

Salmonella typhimurium 11.42 � 0.18a 125 9.75

Bacillus cereus 10.75 � 0.16a 125 8.72

Micrococcus luteus 7.05 � 0.16a 500 5.12

LSE1, LSE2 and LSE3 represent water, water/ethanol (50/50, v/v) and ethanol extra
tration. a,b Different lower case letters in the same line indicate significant difference

5

mL gelatin solution showed the highest DPPH�-radical scavenging ac-
tivity (82%), ferric (Fe3þ) reducing power (1.2) and ferrous (Fe2þ)
chelating activity (82%). These results could affirm the higher antioxi-
dant activities measured for LSE3 (Figure 1). The antioxidant activities of
films confirm the obtained results for L. sativum extracts and explained
the highest antioxidant activity obtained for the film enriched with LSE3.
From the other hand, L. sativum extracts contained different active
compounds such as kaempferol di-hexoside rhamnose and quercetin di-
hexoside rhamnose known to possess important antioxidant potential
(Ait-Yahia et al., 2018). The antioxidant capacity of gelatin-based films
enriched with bioactive compounds was reported in the literature. Films
based on (i) silver carp skin gelatin enriched with green tea extract (Wu
et al., 2013); (ii) tuna-skin gelatin enriched with methanol extracts of
brown algae (Haddar et al., 2012) and (iii) gelatin supplemented with
curcuma ethanol extract (Bitencourt et al., 2014) showed enhanced
antioxidant capacities. In fact, the phenolic compounds of plant extracts
conferred antioxidant capacity to the gelatin-based films (Li et al., 2014).

3.3.2. Mechanical properties and water vapor permeability (WVP)
Mechanical properties were among the important characteristics of a

packaging film that must provide the integrity of the product from
external stresses (Hosseini et al., 2016). Table 2 shows the results of
thickness, tensile strength (TS), and elongation at break (EAB) of
gelatin-based films enriched with different LSE concentrations. No sig-
nificant difference was recorded in the mechanical parameters of the
enriched films (p > 0.05). However, Li et al. (2014) reported that
LSE3

m) MIC (μg/mL) IZ (mm) MIC (μg/mL)

� 0.48b 500 8.47 � 0.12a 500

� 0.22b 250 10.75 � 0.35a 125

� 0.17b 250 10.12 � 0.21a 75

� 0.16a 500 6.57 � 0.16a 125

cts, respectively. IZ: Inhibition zone diameter; MIC: minimal inhibitory concen-
s between the different films (p < 0.05).
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incorporation of natural antioxidants into film caused a significant
decrease of its TS. These authors suggested that polyphenolic compounds
could form covalent and hydrogen bonds with amino and hydroxyl
groups of polypeptide in gelatin, which would weaken the protein–pro-
tein interactions that stabilize the protein network. On the other hand, it
was reported that incorporation of some plant extracts increased the EAB
values of gelatin-based films, which was explained by specific in-
teractions between poly-peptides and phenolic compounds. In fact, co-
valent cross-links could be established that may lead to the formation of
more cohesive and flexible matrices (Bitencourt et al., 2014; Bonilla and
Sobral, 2016; Jridi et al., 2019).

The water vapor permeability (WVP) gave information about the
expiration date of packaging materials for food and medicine. Thus, films
made for food packaging must stop as much as possible the moisture
transfer into food products from the surrounding atmosphere. The
highest WVP value was obtained for CF film (4.72 � 10�11 g m�1 s�1

Pa�1). The addition of LSE extract lead to the decrease of WVP and the
lowest values were obtained for F-LSE3 (3.46, 3.33 and 3.23 (�10�11 g
m�1 s�1 Pa�1) for films contained 5, 10 and 20 μg/mL of LSE3 extract,
respectively. These results were in accordance with those reported byWu
Table 2. Mechanical properties of gelatin-based films enriched with different concen

Films Extract enrichment (μg/mL) Thickness (μm)

CF 0 60.56 � 1.25a

F-LSE1 5 60.25 � 1.05a

10 60.57 � 0.86a

20 61.02 � 1.42a

F-LSE2 5 60.63 � 1.15a

10 61.23 � 1.45a

20 61.29 � 0.75a

F-LSE3 5 60.13 � 0.48a

10 59.97 � 1.28a

20 60.47 � 1.48a

CF: control gelatin films without added LSE; F-LSE1, F-LSE2 and F-LSE3 represent gelat
respectively. Control represent gelatin-based film without added extract.

6

et al. (2013). Furthermore, the phenolic compounds of the extract and
the gelatin molecules could form covalent bonds leading to a decrease in
the WVP values of the enriched films (Lee et al., 2016). From the other
hand, Nie et al. (2015) illustrated that the dense network can reduce the
free volume of the film matrix, which reduced the diffusion rate of water
molecules.

3.3.3. Color measurement
The edible films color was measured since it was related to the overall

appearance of food products and consumer acceptance (Kakaei and
Shahbazi, 2016). In addition, in this case the prepared edible films should
also showed the cheese color. The color parameters (L*, a*, b*, ΔE,
chroma) of the prepared gelatin-based fims were measured and pre-
sented in Table 3. The added extracts of L. sativum decreased the L* and
a* values, on the other hand they increased the b* values. These changes
were more marked with LSE3. Indeed, the incorporation of LSE3 at 20
μg/mL reduced the film lightness value from 90.30 � 0.10 to 88.10 �
0.12 and the a* value from 0.92 � 0.05 to �2.75 � 0.14. In addition,
LSE3 addition resulted in an increase of the film yellowness value from
0.91 � 0.07 to 8.89 � 0.12, which indicated that extract incorporation
trations of L. sativum extracts.

TS (MPa) EAB (%) WVP (�10�11 g m�1 s�1 Pa�1)

4.26 � 0.85a 204.53 � 0.43a 4.72 � 0.88a

4.12 � 1.25a 203.12 � 1.42a 4.22 � 0.85a

4.22 � 1.35a 207.14 � 1.13a 4.12 � 0.96a

4.27 � 1.04a 205.75 � 1.18a 3.98 � 0.36a

4.29 � 1.42a 202.74 � 1.30a 3.92 � 0.75a

4.25 � 1.12a 204.72 � 1.12a 3.78 � 0.45a

4.78 � 0.75a 206.55 � 1.96a 3.57 � 0.72a

4.43 � 0.72a 208.12 � 1.75a 3.46 � 0.86a

4.24 � 1.11a 207.48 � 1.04a 3.33 � 0.75a

4.38 � 1.21a 207.22 � 1.23a 3.23 � 0.53a

in-based films containing water, water/ethanol (50/50, v/v) and ethanol extracts,



Table 3. Color properties of gelatin-based films enriched with different concentrations of L. sativum extracts.

Films Extract enrichment (μg/mL) L* a* b* ΔE Chroma

CF 0 90.30 � 0.10a 0.92 � 0.05a 0.91 � 0.07d - -

F-LSE1 5 90.12 � 0.19a 0.75 � 0.12a 1.45 � 0.15c 0.59 � 0.07e 0.57 � 0.03e

10 90.07 � 0.14a 0.39 � 0.10a 2.15 � 0.12c 1.37 � 0.13d 1.35 � 0.11d

20 90.01 � 0.15a 0.12 � 0.04a 2.89 � 0.06c 2.16 � 0.15c 2.14 � 0.42c

F-LSE2 5 89.45 � 0.17b �0.13 � 0.02b 4.15 � 0.16b 3.51 � 0.42c 3.41 � 0.13c

10 89.13 � 0.05b �0.45 � 0.07b 4.98 � 0.11b 4.45 � 0.75b 4.29 � 0.77b

20 89.01 � 0.04b �0.89 � 0.12b 5.78 � 0.10a 5.35 � 0.14b 5.20 � 0.56b

F-LSE3 5 88.78 � 0.48b �1.48 � 0.15c 6.75 � 0.23a 6.49 � 0.22b 6.31 � 0.86a

10 88.26 � 0.10b �1.99 � 0.23c 7.15 � 0.21a 7.18 � 0.75a 6.89 � 0.53a

20 88.10 � 0.12c �2.75 � 0.14c 8.89 � 0.12a 9.05 � 0.53a 8.78 � 0.86a

CF: control gelatin films without added LSE; F-LSE1, F-LSE2 and F-LSE3 represent gelatin-based films containing water, water/ethanol (50/50, v/v) and ethanol extracts,
respectively. Control represent gelatin-based film without added extract. a,b,c,d,e Different lower case letters in the same column indicate significant differences between
the different films (p < 0.05).

Table 4. Changes in pH, water activity (aw) and weight loss (%) of the different trials of cheese studied during refrigerated storage.

Storage time (day) U CF F-LSE3

aw 1 0.913 � 0.27a - -

2 0.907 � 0.17aB 0.918 � 0.07aA 0.920 � 0.16aA

4 0.902 � 0.12aB 0.920 � 0.13aA 0.922 � 0.15aA

6 0.890 � 0.13aB 0.923 � 0.04aA 0.923 � 0.07aA

Weight loss (%) 2 8.95 � 0.52cA 4.59 � 0.44cB 2.36 � 0.54cC

4 16.91 � 0.54bA 11.08 � 1.48bB 9.23 � 0.91bB

6 24.98 � 0.54aA 17.68 � 1.10aB 15.12 � 0.77aB

pH 1 6.59 � 0.01a - -

2 6.46 � 0.05aA 6.39 � 0.01aA 6.39 � 0.02aA

4 6.12 � 0.08aA 6.25 � 0.18aA 6.26 � 0.18aA

6 5.78 � 0.17bB 6.03 � 0.37bA 6.24 � 0.22aA

U: unwrapped cheese; CF: cheese wrapped with the control gelatin-based film; F-LSE3: cheese wrapped with gelatin-based film enriched with LSE3 at 20 μg/mL. a,b,c

Different lower case letters in the same column indicate significant differences for the same sample within different days of storage (p < 0.05).A,B,C Different capital
letters indicate significant differences between samples in the same storage day (p < 0.05).
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gave them a slight yellowish tone. The color saturation (chroma), which
refers to the dominance of hue in the color, of the gelatin-based films
enriched with extracts showed values less than 10 (Table 3). The ob-
tained results were in accordance with those reported by Jridi et al.
(2019) and Adilah et al. (2018), who noted an increase of yellowness
after plant extract incorporation into gelatin-based films. In fact, the
observed changes of film's color might be due to the natural colored
pigments present in the L. sativum extract. Table 3 also shows that the
total color difference (ΔE) increased with extract concentration and the
highest value (9.05 � 0.53) was measured for the gelatin-based film
enriched with LSE3 at 20 μg/mL. The ΔE measurement quantified the
difference between the displayed color and the original color standard of
Table 5. Changes in texture profile analysis of the different trials of cheese studied d

Storage time (day) U

Strength (N) 1 1.40

6 2.40

Cohesiveness 1 0.26

6 0.18

Springiness (%) 1 27.5

6 8.8

Chewiness (N � mm) 1 1.35

6 0.45

U: unwrapped cheese; CF: cheese wrapped with the control gelatin-based film; F-LSE
Different lower case letters in the same column indicate significant differences for th
letters indicate significant differences between samples in the same storage day (p <

7

the input content. Lower ΔE figures indicated greater accuracy, while
high ΔE levels represented a significant mismatch. Thus, the measured
ΔE values were lower than 10, which showed that the color of
gelatin-based films enriched with L. sativum extracts was perceptible at a
glance (Kocao�glu and Olguntürk, 2019).

3.4. Cheese preservation

The analyzed cheese samples were the unwrapped cheese, cheese
wrapped with gelatin-based film and cheese wrapped with gelatin-based
film containing LSE3 at 20 μg/mL, which were stored at 4 �C during 6
uring refrigerated storage.

CF F-LSE3

� 0.25bA 1.49 � 0.27bA 1.42 � 0.29bA

� 0.35aA 2.11 � 0.45aB 1.85 � 0.14aC

� 0.02aA 0.32 � 0.07aA 0.27 � 0.05aA

� 0.01bB 0.21 � 0.06aA 0.25 � 0.01aA

� 0.24aA 30.2 � 0.37aA 27.2 � 0.15aA

� 0.02bB 10.5 � 0.13bB 18.9 � 0.14bA

� 0.15aA 1.78 � 0.21aA 1.35 � 0.48aA

� 0.04bB 1.11 � 0.14bA 1.20 � 0.12bA

3: cheese wrapped with gelatin-based film enriched with LSE3 at 20 μg/mL. a,b

e same sample within different days of storage (p < 0.05).A,B,C Different capital
0.05).
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days. The LSE3 was chosen to be added to the gelatin film, since it
showed the highest antioxidant and antibacterial activities.

3.4.1. Evolution of physico-chemical parameters of cheeses during storage
Table 4 shows the evolution of water activity (aw), weight loss (%)

and pH and of cheese samples during the storage period. The obtained
results showed that the studied cheese offered excellent conditions for
survival and growth of bacteria, because of high aw (0.89–0.92), pH
above 5.78 � 0.17, in addition to the low salt content and absence of
preservatives. In fact, the unwrapped cheese (control) showed a slight
and not significant (p > 0.05) decrease in values of aw during storage
(Table 4). In addition, the wrapped cheese samples showed stable aw
values over 6 days of storage, which were slighltly higher than those of
the control sample.

Table 4 shows that syneresis, evaluated by weight loss measurement,
significantly increased (p < 0.05) during storage for the three trials of
cheese. Syneresis was more marked for unwrapped cheese, which was in
accordance with the aw results. However, it was reduced by wrapping
with the gelatin film and especially the one enriched with LSE3 at 20 μg/
mL. The weight loss was related to the water permeability of the pack-
aging films. In fact, Ksouda et al. (2019) reported similar results, where
coatings based on natural polymers helped to reduce the water loss,
which ensured good cheese quality. Jridi et al. (2020), who performed
cheese wrapping using gelatin film containing pectin, suggested that the
decrease of weight loss may be due to the reduction of film wettability
controlled by the attraction forces between the casein network and the
gelatin-based film.

The initial pH of all samples were near to neutrality and then grad-
ually decreased. Indeed, this decrease was more marked for the
unwrapped sample reaching 5.78 at day 6. Interestingly, gelatin-based
film enriched with LSE3 at 20 μg/mL reduced the cheese acidification
and maintained the pH approximately at its initial value. The obtained
results were similar to those reported by Ksouda et al. (2019). The pH
decrease could be due to the lactose fermentation caused by lactic bac-
teria leading to the cheese acidification. The antibacterial activity of the
gelatin-based film enriched with LSE3 at 20 μg/mL could slow down the
development of lactic bacteria, and consequently reduced the cheese
acidification.

3.4.2. Textural and color properties of cheeses during storage
Evolution of texture properties, in terms of strength, cohesiveness,

springiness and chewiness, of cheeses during storage was shown in
Table 5. After 6 days of storage at 4 �C, the unwrapped cheese sample
presented significantly (p < 0.05) higher strength value than those of
wrapped cheeses. Unwrapped cheese also showed significant decrease (p
< 0.05) in springiness, chewiness and cohesiveness as compared to
wrapped cheeses. Interestingly, cheese wrapped with gelatin-based film
enriched with LSE3 at 20 μg/mL showed the lowest changes in texture
parameters. The obtained results were similar to those reported by Costa
et al. (2016). In fact, the intense acidification and syneresis observed in
unwrapped cheese induced alterations in its strength, springiness and
chewiness at the end of the storage period, which led to the brittle texture
observed for this cheese. The water vapor barrier property of
gelatin-based films enriched with LSE3 at 20 μg/mL could improve
cheese texture.

Color is an important parameter in food quality control that in-
fluences consumers’ demand. Table 6 shows the changes in color pa-
rameters of different cheese samples wrapped or not with gelatin films. A
significant (p < 0.05) decrease was measured in L* value of unwrapped
cheese at 6 days of storage. Interestingly, cheese wrapping by gelatin
films allowed the stabilisation of its lightness at the end of the storage
period. The decrease in L* values could be the result of microbial growth
on the cheese surface (Bermúdez-Aguirre and Barbosa-C�anovas, 2010).
In addition, a* and b* values of unwrapped cheese increased significantly
(p < 0.05), indicating the color change from white to yellow after 6 days
of storage. The a* and b* values of cheese samples wrapped by
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Figure 3. Lipid peroxidation (mg MDA/kg cheese) of the different trials of cheese studied during refrigerated storage. U: unwrapped cheese; CF: cheese wrapped with
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differences for the same sample in the same storage day (p < 0.05).

Table 7. Evolution of mesophilic and psychrophilic bacteria (log CFU/g cheese) during refrigerated storage.

Storage time (day) U CF F-LSE3

Mesophilic bacteria 1 2.34 � 0.15bA 2.24 � 0.01bA 2.05 � 0.02bB

6 4.49 � 0.17aA 3.96 � 0.14aA 2.59 � 0.11aA

Psychrophilic bacteria 1 1.02 � 0.05bA 0.95 � 0.01bA 0.90 � 0.02bB

6 2.27 � 0.05aA 1.86 � 0.07aB 1.29 � 0.02aB

U: unwrapped cheese; CF: cheese wrapped with the control gelatin-based film; F-LSE3: cheese wrapped with gelatin-based film enriched with LSE3 at 20 μg/mL. a,b

Different lower case letters in the same column indicate significant differences for the same sample within different days of storage (p< 0.05). A,B Different capital letters
indicate significant differences between samples in the same storage day (p < 0.05).
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gelatin-based films remained lower than those of unwrapped samples at
the end of the experimental period. The obtained results were in agree-
ment with previous studies dealing with cheese coating (Ksouda et al.,
2019) and sliced cheddar cheese wrapping (De Moraes et al., 2020).
Interestingly, cheese wrapped with gelatin film enriched with LSE3 at 20
μg/mL showed the lowest changes in color parameters, allowing to
preserve the initial cheese color.

3.4.3. Microbiological analysis
The total viable count of bacteria was an important microbiology

indicator for the sanitary cheese quality. Thus, enumeration of meso-
philic and psychrophilic flora in cheese samples was assessed during
refrigerated storage and the results were shown in Table 7. During the
experimental period, the mesophilic and psychrophilic bacteria of
unwrapped cheese increased significantly (p < 0.05) after 6 days of
storage. However, the wrapped cheese samples showed lower mesophilic
and psychrophilic bacteria counts than those of the unwrapped cheese.
Likewise, Ramos et al. (2016) reported that cheese wrapping using
biodegradable edible films reduced bacteria growth and bring several
advantages as compared to conventional coatings. It seems that
gelatin-based films reduced the microorganisms growth due to its barrier
property against oxygen diffusion. Interesting fact, the incorporation of
LSE3 in gelatin films significantly (p < 0.05) restricted the bacteria
growth as compared to other cheese samples. These findings were in
accordance with the physico-chemical properties measured for wrapped
cheese using F-LSE3.

3.4.4. Lipid peroxidation
Lipid peroxidation was measured in terms of thiobarbituric reactive

substances (TBARS) (mg of malondialdehyde (MDA)/kg of cheese) dur-
ing cheese storage at 4 �C (Figure 3). After 6 days of storage, the highest
9

lipid peroxidation level was measured for unwrapped cheese as
compared to those wrapped by gelatin-based films. Cheese wrapped with
gelatin film enriched with LSE3 at 20 μg/mL showed the lowest MDA
level, which could be explained by the antioxidant properties of the film
evidenced previously. In the same context, LSE3 could reduce oxygen,
which would contribute to the barrier role of the film to oxygen that was
one of the most important factors of peroxidation. Similarly, it was re-
ported that gelatin hydrolysate, with high antioxidant potential, used in
food coating improved its oxidative stability (Jridi et al., 2014b).

4. Conclusions

The dogfish gelatin-based film enriched with L. sativum extract was
used in order to improve the cheese quality and to reduce the microbial
proliferation during storage at 4 �C. The plant extract showed interesting
antioxidant and antibacterial properties and its incorporation into
gelatin-based film was effective in preserving the physico-chemical and
microbiological quality of cheese during chilled storage. Therefore, it can
be concluded that dogfish gelatin-based films, as an edible wrapping
material, improved the quality and shelf-life of cheese products espe-
cially when enriched with bioactive compounds. However, new bioactive
molecules and gelatin sources are required to develope active packaging
as interesting alternative to traditional one.
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