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Abstract: Recently, edible films were shown to be an effective strategy for the delivery of functional
ingredients, such as probiotics and prebiotics. With that in mind, two soluble fibres (inulin and
fructooligosaccharides) were selected as prebiotic elements, in whey protein isolate (WPI) and alginate
(ALG) matrices plasticized with glycerol and used for the incorporation of Bifidobacterium animalis
subsp. lactis BB-12. The results obtained showed that the viability of the B. animalis subsp. lactis
BB-12 probiotic strain was maintained within the minimum threshold (10° CFU/g) necessary to act
as a probiotic throughout 60 days of storage at 23 °C. The incorporation of prebiotic compounds
improved B. animalis subsp. lactis BB-12 viability, with inulin showing the best performance, as it
maintained the viability at 7.34 log CFU/g. The compositional characteristics (biopolymer type and
prebiotics addition) of the film forming solutions had no significant impact upon the viability of the
probiotic strain. The incorporation of probiotics and prebiotics did not modify the infrared spectra,
revealing that the molecular structure of the films was not modified. The moisture content and
water solubility decreased positively in WPI- and ALG-based films with the addition of prebiotics
compounds. Overall, the results obtained in this work support the use of WPI films containing inulin
as a good strategy to immobilize B. animalis subsp. lactis BB-12, with potential applications in the
development of functional foods.
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1. Introduction

Environmental problems associated with non-natural products used in food packaging, such as
synthetic plastics and other materials, and the demand for high food quality have led to the development
of innovative food packaging systems. Food coatings and films have specific characteristics, such as
renewability, degradability, and edibility, that make such materials suitable for food packaging
applications, which are essential to preserve the physical, organoleptic, and nutritional value of
food during storage, transportation, and distribution [1,2]. Furthermore, edible films incorporated
with bioactive compounds promote new functionalities or extend the shelf life of food products and
open new possibilities as a carrying material for functional bacteria and prebiotics beyond basic
nutrition [3-5].

Edible films can be obtained from several materials such as lipids [6], polysaccharides [7,8],
and proteins [9-11], or by blending of these compounds.

Among biopolymers used to produce edible films, proteins have received considerable interest
since it provides a film with distinct and valuable properties. Edible films from whey protein isolate
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(WPI) possess relevant sensorial, optical, and mechanical barrier properties, besides its positive
transparency and lack of taste and odor, which can make them a favorable carrier for functional
compounds [12-19].

In addition to protein films, alginate (ALG) films are also widely used today. An ALG film
can act as a semipermeable barrier to moisture, gases, and aromatics, while maintaining structural
integrity and handling characteristics, and holding the capacity to retain volatile aromatic compounds
from food products. Furthermore, it can be also considered a carrier for several compounds, such as
anti-browning agents, colorants, flavors, nutrients, spices, and antimicrobials that can decrease the
risk of pathogen growth on food surfaces and probiotics [20-22]. Several of these biopolymer-based
films have some inherent fragility, and therefore the use of plasticizers is crucial to obtain adequate
flexibility for films manufacturing. Thus, the use of glycerol as a plasticizer is widely accepted, since it
is recognized by the ability in decreasing material brittleness, and in addition, is a by-product of
biodiesel production [23].

According to some authors, probiotics have a large number of benefits, among which are
the adjustment of the gastro-intestinal microflora, increase in immune system activity, decrease of
cholesterol, prevention of cardiovascular disease, and several forms of cancer [24,25]. Probiotics can be
incorporated into the food matrices through the previously described edible films [3,5,26-28], since it
is important to protect them from the damage induced by environmental conditions generated in and
outside the matrices, or by food processing and storage [29].

Since probiotics viability and microbial load are significant for their efficacy, prebiotics addition
may be of key importance, since they have potential to improve probiotic cell numbers, its survival
in the gastrointestinal tract, and its further attachment to the intestine [30]. The definition of
prebiotics was recently reviewed and considered a substrate that is selectively utilized by host
microorganisms conferring a health benefit [31]. It has been reported that the ingestion of prebiotics
prevents several forms of cancer [32,33] and some intestinal disorders, such as ulcerative colitis and
irritable bowel disease [34]. Furthermore, prebiotics can be added successfully as co-components for
microencapsulation conferring a beneficial effect on probiotics cell viability in a dried format [35].
In addition, the symbiotic combination of prebiotics and probiotics promotes the inhibiting of human
or animal pathogens and promote bifidogenicity [36].

The products containing both probiotics and prebiotics are commonly defined as “symbiotic”,
attributed to products in which the prebiotic selectively favors the probiotics strains [37]. Recently,
some authors suggested the inclusion of prebiotics was a suitable strategy to preserve probiotics in
films [5,38,39].

While those studies represent innovations of great interest, studies linking the combination of
probiotics with prebiotics in edible films are, to the best of our knowledge, still quite limited. Therefore,
the main objective of this study was to compare the microbiological and physicochemical characteristics
of ALG- and WPI-based films incorporated with Bifidobacterium animalis subsp. lactis BB-12 and with
prebiotic compounds, namely, inulin and fructooligosaccharides (FOS).

2. Materials and Methods

2.1. Bacterial Strain, Media and Growth Conditions

Bifidobacterium animalis subsp. lactis BB-12 (Christian Hansen, Hersholm, Denmark) was stored at
—80 °C in de Man Rogosa and Sharpe (MRS) broth (Biokar Diagnostics, Allonne, France) supplemented
with 30% (v/v) glycerol. Afterwards, the probiotic strain was reactivated in MRS broth supplemented
with sterilized L-cysteine-HCI at 0.05% (w/v) (Fluka, St. Gallen, Switzerland), incubated at 37 °C
throughout 24 h in an anaerobic chamber (Whitley DG250, West Yorkshire, UK), and cells harvested
by centrifugation (4000 rpm for 30 min; Universal 320R, Hettich, Tuttlingen, Germany) at 4 °C.
The obtained pellet was suspended in a 0.9% (w/v) NaCl solution for film solution incorporation.
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2.2. Film Formulations

WPI film forming solution was prepared by dissolving WPI at 10% (w/v) (Armor Proteins,
Saint Brice en Coglés, France) in deionized water, as demonstrated by Pérez-Gago and Krochta [40],
glycerol (Panreac, Barcelona, Spain) was included at 5% (w/w), and solutions homogenized during 2 h
at room temperature.

ALG-based film forming solutions were prepared by dissolving sodium-ALG at 2% (w/v) (FMC
Biopolymer, Cork, Ireland) and glycerol at 1.2% (w/w) in deionized water and homogenized for 2 h at
room temperature. Then, both solutions were heated in a water bath at 80 °C for 20 min and cooled at
room temperature. The prebiotics were included in the film formulation by adding high soluble inulin
at 2% (w/v) (Orafti®HIS, BENEO, Mannheim, Germany) or oligofructose at 2% (w/v) (Orafti®P95,
BENEO, Mannheim, Germany), and the probiotic strain (5% v/v), was incorporated to reach a final
concentration of 10° CFU/mL.

Films were prepared according to Gounga et al. [41] and Oses et al. [42]. Briefly, 300 mL of the
final solution was cast in sterile Teflon plates and dried at room temperature for 24 h in a ventilated
incubator. Subsequently, the films were peeled off and conditioned in a controlled storage room
(Packaging Center, CBQEF, Porto, Portugal) at 23 + 2 °C and 50% + 2% RH, for at least 72 h prior to
testing [43]. Films with only probiotics were prepared as controls. All films were produced in triplicate
and are described in detail in Table 1.

Table 1. Compositional aspects of the film forming solutions.

Edible Film Biopolymer  Prebiotic Probiotic
WCBA WPI - B. animalis subsp. lactis BB-12
WIBA WPI Inulin B. animalis subsp. lactis BB-12
WEFBA WPI FOS B. animalis subsp. lactis BB-12
ACBA ALG - B. animalis subsp. lactis BB-12
AIBA ALG Inulin B. animalis subsp. lactis BB-12
AFBA ALG FOS B. animalis subsp. lactis BB-12

2.3. Enumeration of Bacteria and Storage Stability

Films of circular shape (1 cm in diameter) were stored in plastic bags under vacuum conditions at
23 °C and sampled at 0, 3, 5, 10, 40, and 60 days of storage. At each sampling point, the disks were
added to 2 mL of sterile peptone water (1 g/L), vortexed for 1 min and plated on MRS at 37 °C for 48 h
under anaerobic conditions as described above.

2.4. Film Characterization

2.4.1. Thickness

Film thickness was measured from four independent measurements in each film, taken randomly
at different locations, by using a micrometer Model m120 (from Adamel Lhomargy, Roissy en Brie,
France).

2.4.2. Water Activity

The water activity (a,,) was measured using a HygroLab 2 (Bassersdrof, Germany). Films (ca. 0.5 g)
were placed on the sample holder and a sealed system was formed by placing the water activity probe
on top of the sample holder. The probe was equipped with a small fan to circulate air inside the sample
container, a thin film capacitance sensor able to measure RH from 0 to 100% + 1.5%, and a platinum
resistance temperature detector with a precision of +£0.3 °C. When a,, became constant, its value was
recorded. Calibration curves were drawn using six saturated solutions of known a, (viz. LiCl = 0.114,
MgCl, = 0.329, K,CO3 = 0.443, Mg(NOg3), = 0.536, NaBr = 0.653, and KCl = 0.821). The tests were
performed in quadruplicate.
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2.4.3. Moisture Content

Film samples (0.5 g) were dried at 105 °C in an oven for 24 h until constant weight, and the
moisture content was determined as a percentage of weight loss after drying and reported on a wet
basis. The analysis was performed in quadruplicate for each film.

2.4.4. Water Solubility

The previously dried film samples were immersed in 50 mL of distilled water at 25 °C during
24 h, and the samples were filtered through Whatman No. 1 filter paper and dried at 105 °C for 24 h.
The water solubility (WS) was calculated using the following equation described by Norajit et al. [44]:

WS (%) = [(Wo - We)/Wo] x 100 @

where W( and W are initial and insoluble dry matter, respectively. All tests were carried out in
quadruplicate for each film tested.

2.4.5. Film Color

Film color was performed using a portable Chroma meter CR-400 (from Minolta Chroma, Osaka,
Japan) with a *C D65 illuminant, a light source of pulsed xenon lamp, an aperture size of 8 mm, a

closed cone, and a standard observer of 2° closely matches CIE 1931 (§7\, }_7?\, z\A). A CIELab color scale
was employed to measure the degree of lightness (L), redness (+4a) or greenness (—a), and yellowness
(+b) or blueness (—b) of the films. Film disks were measured, on the surface of the white standard plate,
with color coordinates Lgiandard = 97.7, dstandard = 0.04 and bgiandard = 1.47. The color of the films was
expressed as the total difference in color (AE), calculated according to the equation bellow.

AE = [(Lﬁlm - Lstandard)2 + (aﬁlm - ustandard)z + (bfilm - bstandard)z]l/z (2)

For each condition, four samples were measured and on each film disk, four readings were made
on each side.

2.4.6. Texture Analysis

Texture analysis was performed using a texturometer (TA.XT plus Texture Analyzer, Stable Micro
Systems, Cardiff, UK) with rectangular film probes (100 mm X 15 mm) following the ASTM D-882-02
standard [43] at 23 + 2 °C and 50% =+ 2% RH. Force calibration was achieved with a weight of 5 kg and
height calibration was performed for Mini Tensile Grips (Stable Micro Systems). Assessed parameters
were Young’s modulus (Equation. (3)), Tensile strength, and Elongation at break. Tensile strength
(MPa) is the maximum tensile stress that the test sample can carry. Elongation at break (%) was
obtained as the strain at the fracture point, corresponding to the ratio of the change of length of the
specimen to initial length. All measurements were performed five times for each film formulation.

Force at corresponding strain

Young ’ s modulus (MPa) = 3)

Cross — sectional area of the film X Corresponding strain

2.4.7. FTIR-ATR Analysis

The spectra of films were obtained with a FTIR, model ABB MB3000 (ABB, Ziirich, Switzerland),
with a horizontal attenuated total reflectance (ATR) accessory (PIKE Technologies, Madison, WI, USA)
with a diamond/ZnSe crystal. All spectra were acquired with 32 scans and 4 cm™! resolution, in the
region of 4000-600 cm~!. Three measurements were collected for each film surface sample.
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2.5. Statistical Analyses

Statistical analyses were done by the Statistical Package for Social Sciences, v. 17.0 (SPSS, IBM,
Chicago, IL, USA), via two-way ANOVA at the 0.05 level of significance. To test for significant
differences in microbiological and physicochemical properties, a Fischer’s least significant difference
(LSD) test was used.

3. Results and Discussion

In this work, we have studied the physicochemical and microbiological properties of WPI- and
ALG-based films with incorporation of two types of prebiotics to evaluate the possible synergisms of
probiotics strains with those prebiotics. It has been recognized that a synergistic mixture of probiotic
bacteria and prebiotics encourages intestinal colonization and has been associated with a reduction of
the risk of developing several forms of cancer. The structure of some oligosaccharides makes them
resilient to digestive enzymes, and thus, they can reach the large intestine where they become available
to be fermented by some beneficial bacteria [45]. Thus, prebiotics addition to bioactive edible films
and coatings represents an appealing technological solution for the protection of probiotic bacteria
embedded with edible films. In this way, the film’s chemistry and the film forming procedure is crucial
for microbial survival during the storage period and their resistance to the digestive process present
imperative parameters that affect the films performance.

3.1. Viability of B. animalis subsp. lactis BB-12 during the Drying Process

The changes in viable counts of B. animalis subsp. lactis BB-12 during the drying process are
displayed in Figure 1. According to the ANOVA results, the type of film forming solution had no
significant impact (p > 0.05) upon the inactivation of the probiotic strain. Overall, only a mean reduction
of 0.40 and 0.24 log CFU/g were detected in WPI and ALG-based films, respectively. Therefore, no
severe toxic effects were observed upon the survival of B. animalis subsp. lactis BB-12 in the film
forming solutions. Furthermore, viability losses due to heat induced injuries should were considered
as non-significant due to the low drying temperatures used [5]. In fact, during the drying process
(23 °C, 50% RH, 24 h), no significant (p > 0.05) decrease was observed in B. animalis subsp. lactis BB-12
viability, with the only exception being for WCBA films in which case a significant (p < 0.05) reduction
in viable counts was verifies.
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Figure 1. Bifidobacterium animalis subsp. lactis BB-12 total viable counts during air drying for each film
composition (as described in Table 1). Each bar represents the mean with standard deviation of the
film samples produced (n = 3). Asterisk indicate significant difference between the drying process.
*: p < 0.05; white bar = start of drying, and black bar = end of drying.
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3.2. Viability of B. animalis subsp. lactis BB-12 in Films during Storage

Storage conditions are one of the most important factors when considering the stability of
probiotics. Figure 2 shows the survival of the probiotic strain incorporated (stored for 60 days at 23 °C)
into the biopolymer-based films with or without prebiotics addition. The viability of B. animalis subsp.
lactis BB-12 demonstrated a negative correlation with the storage time (p < 0.0001), i.e., the number
of viable cells of B. animalis subsp. lactis BB-12 dropped from an initial population of 10° CFU/g to
105-10° in WCBA and ACBA (controls) films, and to 10°~10” CFU/g in films containing prebiotics after
storage. Moreover, the difference between prebiotic containing films and the controls was statistically
significant (p < 0.0001) for all biopolymer-based films assayed. Overall, the highest viability loss was
observed in ACBA at the end of the 60 days storage period, with the viable cells counts reaching only
10° CFU/g film.

Regarding the effect of prebiotics” incorporation, films with inulin showed a significantly higher
survival rate of B. animalis subsp. lactis BB-12 in either WPI- and ALG-based coatings after 60 days of
storage. Considering that, in control films (WCBA and ACBA) a 3.3 mean log reduction was observed
after 60 days of storage, while in films with inulin (WIBA and AIBA) or FOS (WFBA and AFBA) a 2.0 and
2.5 mean log reduction was detected, respectively. Our results suggest that prebiotics addition may play
an important role in improving the viability of B. animalis subsp. lactis BB-12 strain when incorporated
into edible films or coatings. Overall, there are few studies focusing on the incorporation of prebiotics
in probiotic containing edible films, in an attempt to improve the stability of the incorporated probiotic
strains. Similar findings were described by Soukoulis, Behboudi-Jobbehdar, Yonekura, Parmenter,
and Fisk [5] when studying the stability of L. rhamnosus GG in prebiotic containing films. They observed
that the supplementation of edible films with prebiotics improved the storage stability of the probiotic
strain considered with inulin being the most effective prebiotic (based on its capacity to maintain the
survival of L. rhamnosus GG), followed by wheat dextrin, glucose oligosaccharides and polydextrose.
Similarly, Romano, Tavera-Quiroz, Bertola, Mobili, Pinotti, and Gomez-Zavaglia [38] demonstrated
that the incorporation of 3% (w/v) FOS into methylcellulose-based films also improved the viability of
L. delbrueckii subsp. bulgaricus CIDCA 333 after film preparation.
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Figure 2. Survival of B. animalis subsp. lactis BB-12 during storage (60 days) at room (23 °C) temperature
in (a) whey protein isolate (WPI)-based and (b) alginate (ALG)-based films with or without prebiotic
incorporation. Each time point presented corresponds to the mean with standard deviation of the film
samples analyzed (n = 3).

Overall, WPI-based films experienced a 2.2 mean log reduction while ALG-based film registered
a 3.0 mean log reduction of viable cells. These results suggest that the stability of probiotics was
promoted by the addition of whey protein to the films solutions, by providing nutrients to the cells and
reducing redox potential of the medium as well as through the increase of the buffering capacity of the
medium [5,46,47]. Soukoulis, Yonekura, Gan, Behboudi-Jobbehdar, Parmenter, and Fisk [26] studied
the development of probiotic baked cereal products (with L. rhamnosus GG) through the application of
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film solutions comprised of either 1% (w/w) sodium ALG or binary blends of 0.5% (w/w) sodium ALG
and 2% (w/w) whey protein concentrate containing with the samples with whey protein exhibiting an
improved survival of L. rhamnosus GG throughout room temperature storage.

Although, the results indicated a significant reduction in the viability of the probiotic strains,
the levels of viable cells still assure the recommended viable cell counts for probiotic bacteria to be
delivered to the humans [48], since the commonly accepted concentration of 10° viable CFU/ g was
maintained until the end of storage at room temperature [30,49].

3.3. Edible Films Physical Properties

To be used as food coating materials, edible films should be sufficiently resilient to external factors,
while also being elastic and remaining strong during packaging and storage [50]. Thus, the physical
properties of protein- and polysaccharide-based films (containing prebiotics as possible carriers for
functional bacteria) were studied during 60 days of storage. In Table 2, the thickness, a,, moisture
content, and water solubility properties of those films can be found. Thickness is a critical parameter
that influences, among others, the mechanical properties of the films and also contribute to improve
the mechanical integrity of food products [51]. The thickness ranged from 0.117 to 0.400 mm among
protein and polysaccharide-based films. Prebiotics incorporation was not a statistically significant
(p > 0.05) factor influencing films’ thickness. Similar results were previously observed by Odila Pereira,
Soares, Sousa, Madureira, Gomes, and Pintado [3] during 60 days of storage (at 23 and 4 °C) of edible
films incorporated with lactic acid bacteria. Soukoulis, Behboudi-Jobbehdar, Yonekura, Parmenter,
and Fisk [5] also reported no significant modifications of film thickness due to the addition of prebiotic
fibers to probiotic films. Furthermore, ALG-based films were significantly thinner than WPI films
(p < 0.0001) with similar findings being reported by Soukoulis, Yonekura, Gan, Behboudi-Jobbehdar,
Parmenter, and Fisk [26] whom showed that ALG-based films with probiotics had a significantly lower
thickness than WPC-based films.

Table 2. Physicochemical and color properties of edible films containing B. animalis subsp. lactis BB-12
and different types of prebiotics fibres. The results are displayed as mean + standard deviation of the
film samples (n = 3).

. . Moisture Water
]ifilllrl:e Th(ﬁ:)e ss aw Content (%, Solubility L* a* b* AE
Dry Basis) (%)
WCBA 040+0012 057+0.012 30.95+1.332 - 9313 +0552 -1.58+0.012 19.36+0.212 -
WIBA 040+0.012 058+0.012 2832+039P - 93.35+0.10% -1.76+0.02> 18.48+028>  092+022
WEFBA 040+0012 057+0.022 28.18+0.87P - 9353 +0452 -1.73+001P 1639+028° 29+031°

ACBA 013+001P 057+0012 3095+1352 7035+1502 9572+0.10° -042+0.05¢ 4.14+0.1749 -
AIBA  0.12+0.01° 057+0012 2672+150° 7143+1732 9592+0.08> -049+0069 441+016%  034+0.09°¢
AFBA 012+001P 057+0.012 2794+229P 7121+1982 9563+0.04" -049+0019  447+007¢  035+0.14¢

Note: Means =+ standard error within the same column labeled with the same letter, do not statistically differ from
each other (p > 0.05). (-) The film was completely dissolved under the tested conditions.

Moisture content, an important parameter for measuring mouth melting of edible films, also affects
probiotics viability during long term storage [51]. Inulin or FOS incorporation was associated with a
decrease (p < 0.001) in the moisture content of edible films. Therefore, the highest moisture content
was exhibited in WCBA and ACBA films. According to the ANOVA results, the biopolymer type had
no significant differences in moisture content (p > 0.05). Similarly, the impact of prebiotic addition or
biopolymer type upon a,, was also not significant (p > 0.05).

Generally, food applications may require low water solubility to improve the product integrity and
water resistance but, in some cases such as food coatings, a high water solubility might be beneficial [52].
All WPI-based films dissolved in water after 24 h, whereas the solubility among ALG films was of
around 70%. The incorporation of prebiotics into edible films had no significant impact upon the film’s
solubility (p > 0.05).



Coatings 2019, 9, 493 8 of 12

To ensure the acceptability of food coatings, color is a crucial parameter not only from the
consumer’s standpoint but also for the packaging of light-sensitive materials [53]. Table 2 displays the
color characteristics of the edible films containing B. animalis and different types of prebiotics.

Both biopolymer-based films showed high brightness values (L* > 93.13), demonstrating that
films appeared clear and transparent. The color values for WPI films are in agreement with those
reported by Odila Pereira, Soares, Sousa, Madureira, Gomes, and Pintado [3], and color values for
ALG films were similar to the values obtained by Moreira, Gullén, Gullén, Gomes, and Tavaria [52].
The ALG-based films exhibited higher luminosity (L*) values than WPI- based films, which could be
attributed to their lower solid contents and subsequent lower thickness (Table 2). In addition, the
incorporation of prebiotics was not associated with differences (p > 0.05) in L" values of the WPI and
ALG films.

According to ANOVA results, film type (WPI vs ALG) had a significant effect (p < 0.0001) upon a*
and b* values. With WPI-based films exhibiting the highest (p < 0.0001) scores for green and yellow
hue color components, which confirms previous findings [54]. In terms of color differences (AE*),
ALG-based films had the lowest and WPI films, particularly WFBA, had the highest color divergence
from films without prebiotics, respectively. Nevertheless, AE* values were lower than three which
have been reported as the threshold of human perceivable color differences.

3.3.1. Mechanical Properties of Films

Typically, edible films must have good mechanical properties in order to resist the external factors
involved in processing, management, and storage of the food products [47]. The mechanical aspects of
the different types of films can be found in Table 3. To best of our knowledge, this is the first report
evaluating the combined effect of prebiotics and probiotics upon texture parameters of WPY- and
ALG-based films. The addition of the plasticizer (glycerol) facilitated the development of flexible and
extensible films. The polysaccharide-based films exhibited similar mechanical profiles i.e., higher
stiffness and tensile strength and lower elongation properties compared to protein-based films. Films
containing WPI were more extensible, which may be due to its protein network. Regarding the
addition of prebiotic compounds to WPI- and ALG-based films, significant differences were found
when comparing the tensile strength of the films (p < 0.0001) while no effects on elongation at break
(p > 0.05) or on Young’'s modulus (p > 0.05) were observed.

Table 3. Mechanical properties of edible films containing B. animalis subsp. lactis BB-12 and different
types of prebiotics fibres. The data is displayed as mean =+ standard deviation of the film samples
(n=23).

Edible Film Young’s Modulus (MPa)  Tensile Strength (MPa)  Elongation at Break (%)

WCBA 0.310 + 0.001 @ 0.771 £ 0.010 2 65.526 + 1.813 2
WIBA 0.312 + 0.001 2 0.652 + 0.019 2 64.700 + 1.608 2
WFBA 0.311 + 0.005 2 0.652 + 0.012 2 64.900 + 1.654 2
ACBA 7.310 = 0.012 P 33.772 £ 0.810 b 14,535 + 0.422b
AIBA 7.310 + 0.014 P 31.021 + 0.804 © 14.505 + 0.453 b
AFBA 7.310 £ 0.011 P 31.023 + 0.804 © 14.504 + 0.452b

Note: Means + standard error within the same column. labeled with the same letter do not statistically differ from
each other (p > 0.05).

3.3.2. Fourier Transform Infrared Spectroscopy (FTIR) Measurements

FTIR was performed in order to consider potential changes in the molecular structure of
biopolymer-based (WPI or ALG) films incorporated, or not, with Inulin or FOS. FTIR spectra of
the different films can be observed in Figure 3. The most relevant peaks were at 3600-3000 cm™!,
3000-2800 cm~!, and 1700 and 800 cm™~!. The broad band 36003000 cm~! was attributed to a stretching

vibration of -OH and -NH groups [55]. The range between 3000 and 2800 cm™~! was assigned to the
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C-H stretching vibrations of the carbonyl groups of triglycerides. The peaks observed at 2924 and
2854 cm~! were identified as related to the fat present in dairy products [56]. The area of these peaks
is greater in WPI-based films, which might be due to the larger amounts of fat found in WPI-based
films. Between 1700 and 1500 cm~!, highest peaks were observed, with significant differences being
found among the samples. Two major peaks are clearly evidenced in WPI-based-films (amide I
(1640 cm™!) and amide I (1550 cm™~!) which are related to peptide bonds (CO-NH). These peaks are
closely associated with the sample’s protein concentration. As expected, WPI-based films exhibited
the highest spectral intensity height due to the higher amount of protein. Consequently, in Figure 3,
the decrease in intensity of the amide I peak, and lack of amide II was observed in ALG-based films.
Finally, the region between 1150 and 800 cm™!, the absorption bands observed were attributed to
glycerol [3]. This spectrum region remained practically unchanged with prebiotics incorporation.
However, a slight decrease in band intensity was observed when comparing WPI- and ALG-based
films, which could be related to the migration of glycerol [57].

Overall, the hereby described results are in accordance with that of Odila Pereira, Soares, Sousa,
Madureira, Gomes, and Pintado [3], in terms of FTIR spectra in regards to the spectra of WPI-based
film formulations. Augusto et al. [58], who made ALG edible films with Codium tomentosum seaweed
extract, also reported no significant differences between the FTIR spectra of an ALG film with and
without seaweed extract in terms of wavenumber absorbance.
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Figure 3. Fourier transform infrared spectroscopy (FTIR) spectra of (a) whey protein isolate (WPI)-based
and (b) alginate (ALG)-based films containing B. animalis subsp. lactis BB-12 with or without prebiotic
incorporation at 0 days of storage.

4. Conclusions

Overall, WPI films were more effective in preserving B. animalis subsp. lactis BB-12 viability
compared to ALG films. Both prebiotic compounds added effectively protected the functional
bacteria throughout the storage period, however, the most effective results were obtained with
inulin incorporation.

Alginate-based films were thinner and presented a lower water solubility. FTIR spectroscopy
provided structural information about edible films loaded with prebiotics, and no structural changes
were founded after addiction of probiotics and prebiotics. Our results suggest that edible films
containing inulin or FOS and developed in this work can be considered as a good carrier for functional
bacteria to be ingested together with food and simultaneously exert specific biological activities upon
the human organism.
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