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Abstract The release and antimicrobial activity of potas-
sium sorbate (KS) supported in tapioca starch—glycerol ed-
ible films prepared by different gelatinization/drying tech-
niques against Zygosaccharomyces bailii was studied. An-
timicrobial release in liquid media of different pHs (3.0—
6.0) could be approximated to a pseudo first-order kinetic
model and was almost accomplished after 30 min. Filmmak-
ing method involving slow gelatinization and drying rate re-
sulted in the highest fraction of KS released at equilibrium.
Rate constant was higher when pH of the receiving media
was 4.5 and fast gelatinization/fast drying had been used. The
effectiveness of the preservative released for controlling the
microbial growth depended on the pH of the receiving me-
dia, being higher at pH 3.0. No effect of filmmaking method
was observed. In relation to film effectiveness as a barrier
to contamination, it was observed that the preservative was
available to prevent an external Z. bailii contamination and
also to control yeast growth in an acidified (pH 4.5) high
water activity (ay, = 0.980) semisolid product.
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Introduction

Edible films and coatings are proposed to be used for food
product protection, improving quality and shelf life without
impairing consumer acceptability [1-4]

Edible films are not designed for totally replacing tradi-
tional packaging. They might be used as a stress factor to
help to assure a long and adequate shelf life. They can con-
trol moisture, gases, lipid migration and can also be carriers
of additives and nutrients. Hydrocolloids such as cellulose,
gums, starch and proteins have been used to formulate edible
films, and plasticizers are usually employed (i.e., glycerol,
sorbitol, polyethylene glycol) to enhance their mechanical
properties [5-7].

Edible antimicrobial films and coatings have shown to
be an efficient alternative in controlling food contamination.
Durango et al. [8] reported that the growth of both deteri-
orating and pathogenic microorganisms may be prevented
through the incorporation of antimicrobial agents into ed-
ible films. In the last years, research has been performed
concerning the use of edible films for surface application of
natamycin, benzoate, and potassium sorbate [9, 10] and for
slow release of lysozime, nisine [11-13], and propylparaben
[14].

According to legislation and labeling in the USA, edible
coatings and films are considered a part of the food; as a
consequence, their ingredients must comply with the CFR
and be declared on the label under the Federal Food, Drug,
and Cosmetic Act [15]. The European Union (EU) considers
that an edible film is a special active part of the food and
from a legal point of view, it is to be regarded as a food-
stuff, along with the food packed in the film, having to fulfill
the general requirements for food [16]. However, each coun-
try has clear regulations regarding the addition of preser-
vatives to food, which often include purity requirements,
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analytical methodology, labeling, and maximum allowed
levels. Therefore, at the moment, the application of edi-
ble films containing preservatives must be ruled under such
legislation.

Different authors [ 17-24] reported that composition, film-
forming method and drying process conditions influence
the physicochemical properties, when films are based on
proteins, chitosan, or hydroxypropyl starch. Rindlav et al.
[25] reported that the crystallinity degree of potato starch
edible films is dependent on the temperature, the air hu-
midity, and the time that elapses during drying from gel
to film. These changes of crystallinity affected film me-
chanical properties but did not influence its oxygen and
water vapor permeabilities according to Rindlav-Westling
et al. [26]. As a consequence, the study of edible film
performance in relation to its composition and process-
ing is a subject of importance due to the need of a com-
plete characterization of the film to evaluate advantages and
disadvantages of its application in relation to food shelf
life.

Tapioca starch is produced in Latin America, Asia, and
Southern Africa. In Latin America it is popularly used as a
meal, as animal fodder, or cooked and eaten as a vegetable. A
part of its production is exported. It has been seen that tapioca
starch is used to a much lesser extent than other starches, such
as corn, in food industry. Anyhow, its importance as a source
of starch is growing rapidly, especially because its price in
the world market is low as compared to starches from other
sources [27]. A potential use of tapioca starch as a matrix
for the development of edible films has been also considered
[28].

Sorbic acid and its potassium salt (sorbates) are consid-
ered GRAS additives and are active against yeast, molds, and
many bacteria [29]. These preservatives are unstable in aque-
ous solution and can suffer an oxidative degradation or can be
metabolized by microorganisms under certain conditions of
storage [29, 30]. Addition of sorbates to edible films has been
proposed as a way of minimizing surface microbial contami-
nation [9, 31, 32]. To accomplish this objective, a certain con-
centration of the preservative must be present at the surface
of the product. Reduction of the surface level due to diffusion
into the food or due to degradation of the preservative must
be taken into account when designing an antimicrobial film
[33-36].

The objective of this research was to study the ki-
netics of release and the antimicrobial action of sor-
bates contained in tapioca starch edible films obtained
by different methods, in order to evaluate their po-
tential use as a stress factor for controlling microbial
growth and lengthening the shelf life of preserved food
products.
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Materials and methods
Preparation of films

Mixtures of tapioca starch, glycerol, and water (5.0:2.5:92.5
in weight) or of starch, glycerol, potassium sorbate (KS), and
water (5.0:2.5:0.3:92.2 in weight) were prepared.

Tapioca starch was provided by Industrias del Maiz
S.A. (Argentina). Glycerol (Mallickrodt, Argentina) and
KS (Sigma, St Louis, Missouri) used were of analytical
grade.

Preparation of films was accomplished through the fol-
lowing methods:

1. Method 1: Heating of 300 g film forming solution on
a magnetic stirrer with a hot plate at an initial rate of
1.6°C/min for approximately 25 min, moment at which
the system entered in the gelatinization step (gelatiniza-
tion temperature about 70 °C). Afterwards, heating was
maintained at a lower rate (around 0.3 °C/min) for an ad-
ditional period of 40 min. After gelatinization, films were
casted over glass plates and dried at 50 °C (R.H. 22%),
for 2 h. Drying was completed in a controlled temperature
chamber (Velp, Italy) at 25 °C and R.H., 80-90% during
a week.

2. Method 2: Heating of 300 g film forming solution on
a magnetic stirrer with hot plate at a constant rate of
1.8°C/min for approximately 30 min. In this case, it could
be visually appreciated that gelatinization began around
70°C. After gelatinization, films were casted over glass
plates and dried at 50°C (R.H. 22%) for 2 h. Drying was
completed in a chamber (Velp, Italy) at 25°C and R.H.
80-90% during a week.

3. Method 3: Heating of 300 g film forming solution on
a magnetic stirrer with hot plate at a constant rate of
1.8°C/min for approximately 30 min. After gelatinization,
films were casted over glass plates and dried at 50°C (R.H.
22%) for 2 h. Drying was completed over CaCl, (R.H.
0%) at 25°C during 2 days.

For both the gelatinization techniques assayed, sample fi-
nal temperature was 82°C and vacuum was applied to remove
air from the systems before casting.

Once constituted, the films were peeled off from
the glass plates and before evaluating the film prop-
erties, samples were conditioned at 25°C over a satu-
rated solution of NaBr (water activity, aw =0.576) for
7 days. Sample thickness was measured to the nearest
0.01 mm, using an optical microscope (Nikon AFX II,
Japan) at three different locations in each specimen. The
thickness of the cast films resulted to be in the range
0.31-0.36 mm.
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Kinetics of preservative release in a liquid medium

In order to evaluate the performance of films made through
different methods, kinetics of preservative release in a lig-
uid medium at pH 3.0 or 4.5 was evaluated. In the case of
filmmaking method 3, release was also evaluated at pH 6.0.

Twenty-two discs (1.3—1.4 cm diameter) of each type of
edible film, weighing approximately 1.3 x 10~ kg, were
introduced in 250 ml glass flasks containing 100 ml of
Saboureaud broth (Biokar Diagnostics, Beauvais, France)
with the pH being adjusted to 3.0, 4.5, or 6.0 with citric
acid (5.2 mol/l) and inoculated with 3—5 x 10° CFU/ml of Z.
bailii. Flasks were shaken at 150 rpm by means of an orbital
shaker (Shaker Pro, Vicking S.A., Buenos Aires, Argentina)
for 7 days at 25°C. In order to study the kinetics of preserva-
tive release, aliquots of broth were extracted at selected times
along 120 h, which comprised very short intervals (0.5, 1.5,
3,5, 10, 20, 30, 45, 60, 120, 240, and 360 min) at the begin-
ning of the assay and larger intervals from 24 h and beyond
(24, 48, 72, 120 h). Samples were centrifuged to remove
yeast and the KS concentration was evaluated. A control as-
say using a non-inoculated broth was also performed to rule
out if yeast growth influenced sorbate release.

Kinetics of preservative release in a semisolid medium

To study the diffusion of the preservative in a semisolid
food model, two film discs (1 cm diameter) were applied on
the surface of 20 ml Saboureaud agar (Biokar Diagnostics,
Beauvais, France) contained in plates (diameter 9 cm) and
with ay, depressed to 0.980 by addition of glucose and pH
adjusted to 4.5 with citric acid (5.2 mol/l). Plates were incu-
bated at 25°C for 48 h.

At selected times (0, 4, 8, 12, 16, 20, and 24 h), agar
circles of 3 cm of diameter were cut with the help of a cork
borer and their KS contents were determined. The area of
agar cut included the agar area where the film discs have
been deposited and also a safety zone evaluated in previ-
ous assays as exceeding the maximum area where sorbate
diffusion occurred, under experimental conditions.

Antimicrobial activity

For the purpose of comparing the performance of sorbates
supported in films obtained through the different methods
assayed, the effectiveness of the antimicrobial released in a
liquid medium or acting as a barrier to yeast contamination
of high a,, products was studied.

Antimicrobial activity of the films was evaluated using
as indicator Z. bailii, a spoilage yeast known due to its re-
sistance to several stress factors commonly used in food
elaboration such as decreasing pH, incorporation of high
levels of sugar, pasteurization and, especially, addition of

lipophilic preservatives [37]. These particular characteristics
of Z. bailii make it very important to study the conditions to
minimize its growth in order to ensure the proper quality of
foods.

Inoculum preparation

Z. bailii NRRL 7256 inoculum was prepared in Saboureaud
broth at 25°C until early stationary phase was achieved
(24 h).

Effectiveness for controlling microbial growth
of preservative released in a liquid medium

The procedure applied was similar to the one described for
the study of the kinetics of preservative release in a liquid
medium. Samples were incubated at 25°C and at selected
times (0, 5, 10, 22, 26, 30, 48, 54, 72, 96, 144, and 168 h)
they were collected and the microbial growth was evaluated.
Analogous assays were performed using films free of preser-
vative to test the effects of other components of the film on
the microbial growth.

To compare the effect on microbial growth of sorbate
gradually released from film throughout storage with the
effect of direct addition of the preservative to the medium,
the amount of sorbates released at equilibrium conditions
was determined for each film studied and this quantity was
added, as KS, at time zero, to an inoculated Saboureaud
broth.

Systems were incubated as previously mentioned and, at
selected times, aliquots of broths were removed in duplicate
for enumerating Z. bailii populations.

Effectiveness of potassium sorbate containing films
as barriers to yeast contamination

The ability of potassium sorbate containing films in pre-
venting external contamination was studied. For this pur-
pose, discs of diameter 1 cm were aseptically cut from the
films (with and without potassium sorbate) and were ap-
plied to a sterile glass surface (petridish of 9 cm of diam-
eter). Then, the discs were seeded with 10 ul of an inocu-
lum of Z. bailii containing approximately 5 x 10® CFU/ml
and incubation of the systems was performed at 25°C for
24 h.

In order to study the performance of the films to prevent
microbial contamination of a high water activity (ay,) prod-
uct, Saboureaud agar with a,, depressed to 0.980 by addition
of glucose and pH adjusted to 4.5 with citric acid (5.2 mol/l)
was formulated to resemble that kind of products. Discs of
1 cm diameter were cut from films with or without KS and
applied on the surface of the agar. Then, 10 ul of a culture of
Z. bailii containing approximately 3-5 x 10° UFC/ml were
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seeded on the film discs. Samples were incubated at 25°C
for 48 h.

Sampling for both assays was performed at selected times
(0,4,8,12,16,20,and 24 h or 0, 4, 8, 12, 16, 20, 24, 30, and
48 h) by taking two discs, each one being suspended in 1 ml of
peptone water (Biokar Diagnostics, Beauvais, France) con-
tained into a short glass tube (16 mm x 100 mm). Samples
were shaken for 2 min at 2500 rpm with a vortex (MS 1
Minishaker, IKA-Works Inc., USA), prior to enumerating Z.
bailii populations.

Enumeration of Z. bailii

For all assays performed, Z. bailii population was enumer-
ated by surface plating on Saboureaud agar and incubation
at 25°C for 5 days prior to counting.

Potassium sorbate content

KS content was measured according to the AOAC [38] ox-
idation method which includes steam distillation followed
by oxidation to malonaldehyde and measurement at 532 nm
of the pigment formed between malonaldehyde and thiobar-
bituric acid. Determinations were performed in duplicate.

Fourier transform infrared spectrometry (FT-IR)

Fourier transform infrared spectrometry was employed to de-
termine the possible interactions between starch and sorbate
in the films studied. The transmittance, between 400 and
4000 cm~!, of KS, tapioca starch film, or tapioca starch-
sorbate film (without glycerol to exclude potential inter-
ferences) was measured using a FI-IR spectrophotometer
(Nicolet 510 P, Thermo Electro Corporation, Waltham, MA).
The measurement was performed at 25°C and 50% relative
humidity. KS powder was dispersed in KBr (pellet proce-
dure) and film samples were measured by attenuated total
reflection technique (ATR) on ZnSe crystal at 45°C.

Mathematical data treatment and statistical analysis

Microbiological results are reported on the basis of their
average and standard deviation (n = 3).

Nonlinear regression analysis was applied to model ki-
netics of release. Kinetic parameters obtained were analyzed
through analysis of variance (ANOVA, « 0.05) and the Tukey
post test [39] was applied to establish significant differences
between the parameters.

Nonlinear regression and statistical analysis were per-
formed using the Statgraphics Plus program for Windows,
version 3.0, 1997 (Manugistics, Inc., Rockville, Maryland,
U.S.A).

a Springer

A 1.2
1.04 p=—=> 4 ~— s .
=
2 0.8
=
= 0.6
N
=z 0.4
0.2
[
00 T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300
t/min
B 1.0- - . . . .
t P I
0.8
[
g
S 0.6
4
2* 0.4
0.2
00 T T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300
t/min
3 o $ &

HeH—

Mks «/Mks T

C 1.0 &
0.8 @
0.6
0.4
0.2
0.0

T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300

t/min

Fig. 1 Release of sorbates from tapioca starch edible film. Panel A:
Method 1 film. (a) pH 4.5; (e) pH 3.0. Panel B: method 2 film. (o) pH
4.5; (o) pH 3.0; Panel C: method 3 film. () pH 6.0; (a) pH 4.5; (e)
pH 3.0. Mxs,: amount of potassium sorbate released at time #; Mks T:
total amount of potassium sorbate contained in the film at time zero

Results and discussion
Kinetics of preservative release in a liquid medium

Figure 1 (panel A, B, and C) shows the release of KS from
tapioca starch edible films obtained by different filmmaking
techniques to Saboureaud broths inoculated with Z. bailii
and with pH 6.0, 4.5, or 3.0. In order to appreciate curves
in details, only first points are shown (until 300 min). From



Eur Food Res Technol (2007) 225:375-384

379

the assay of broths which were not inoculated, it was ob-
served that the kinetics was not affected by the presence of
microorganisms (data not shown).

The amount of KS released at time ¢ (Mks ) divided by the
total amount of KS contained in the film at time zero (Mxs, )
was higher than 0.8, independent of the broth pH, after 30 min
of contact. Moreover, after 5 min of exposure more than 50%
of the preservative had been liberated, in general, from the
films assayed to the broth, showing a rapid release. The same
trend was reported for the release of KS from «-carrageenan
films [40]. Such a high rate might, in turn, reduce the antimi-
crobial effect of the film for long-term storage. Buonocore
et al. [12, 13] reported that control of antimicrobial agent
release into water is possible through modifications of the
crosslinking of polyvinylalcohol. Changes in film compo-
sition can also help to control release of the preservative
[41].

The amount of KS released form tapioca starch film in-
creased with time until an asymptotic value was reached. KS
release data could be approximated by a pseudo first order
kinetic:

O = Qint X (1 — ™)

where Q, = Mks,/Mks T is the fraction of KS released at
time #, Qinf = Mxks, inf/Mks,T 18 the fraction of KS released
when equilibrium was achieved, Mks ins is the amount of
preservative released at the end of the experience and, k is
the first order kinetic constant.

Oine and k values were obtained, for the different films
studied, by nonlinear regression analysis and results are
shown in Table 1. ANOVA showed that method applied to
prepare films affected significantly (o =0.5), the kinetic of
KS release. It can be observed that film obtained by Method
1 have the highest Qj,¢ values. On the other hand, films ob-
tained by methods 2 and 3 released a similar fraction of
KS (Qinr) at pH 4.5 and these fractions were lower than

that released by film made through method 1. For pH 3.0,
Oint values obtained followed the order method 1>method
2>method 3.

According to results previously reported [42] films made
from tapioca starch and containing sorbates showed crys-
tallinity that decreased in the order method 1>method
2>method 3. The greater crystallinity observed when
method 1 was used is, probably, a consequence of longer
heating and drying times [18, 43]. As a consequence, most
OH-groups of starch became involved in intramolecular H-
bonding and therefore were less available for other interac-
tions [44]. Under such conditions, sorbates could have fewer
possibilities of forming complexes through hydrogen bond-
ing with polar groups of starch and, could be more ready
for release. The increase in amorphous characteristics due
to the shorter time of gelatinization procedure involved in
methods 2 and 3 and, to the fast drying process involved in
method 3, might explain the increased release of sorbates
for these filmmaking methods. According to Arvanitoyannis
et al. [17, 18] a lower level of organization of polymer
chains is attained when faster gelatinization and/or evap-
oration rate is used for casting hydroxypropyl starch and
gelatin.

Sorbic acid can form complexes with starch, their nature
depending on the type of starch as well as on the concentra-
tion and the chemical characteristics of the preservative [45].
Mentioned complexes might modify some properties of the
preservative like its solubility, diffusivity, partition coeffi-
cient and the ability to penetrate into a biological membrane,
decreasing the antimicrobial activity [46]. Ofman et al. [47]
reported that potassium sorbate interacts with tapioca starch
affecting sorptional behavior, bulk density, cohesiveness and
initial Young modulus. In this work, we have confirmed that
interaction, through IR, for films made through method 2.
As can be observed in Fig. 2, in the starch-KS films (trace
B), the — COO- asymmetrical stretching signal of sorbate
(trace C), suffered a displacement from 1559 to 1537 cm™ L

Table 1 Effect of gelatinization/drying technique used to prepare tapioca starch edible films on kinetic parameters of sorbate release to broths of

different pH values

Film making method®  Broth pH KS equilibrium concentrations (g/L) b k (min~1)® R?
Method 1 3.0 0.387 £0.003 1.0124+0.010 a 0.107 £0.005 d 0.9900
4.5 0.454 +0.005 1.021+£0.011 a 0.212+£0.009 b, ¢ 0.9897
Method 2 3.0 0.481 £0.007 0.930£0.017 b 0.068 £ 0.006 d 0.9659
4.5 0.464 £0.009 0.909 £0.017 b, d 0.154+£0.010c 0.9803
Method 3 3.0 0.422 £0.005 0.884£0.012 ¢ 0.231£0.030 a 0.9230
4.5 0.423+0.007 0.894+0.019¢c,d 0.267+£0.038 a, b 0.8111
6.0 0.448 +£0.004 0.944+0.012 0.236 £0.022 a 0.9100

Note. R? goodness of fit (Statgraphics 1997; Manugistics, Inc., Rockville, Maryland); Qj,r ratio of Mks inf and Mks 1; Mxs inf, amount of potassium
sorbate released at equilibrium; Mg t amount of potassium sorbate contained in the film at time zero; & first-order kinetic constant.

Initial concentration of potassium sorbate for the films: method 1, 30.33 g/kg; method 2, 32.16 g/kg; method 3, 36.55 g/kg.

bBest-fit values and standard errors are reported. Values followed by the same letter are not significantly different (p>0.05).
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Fig.2 FT-IR spectra in the 100

wave number region

12002200 cm™! for (A) tapioca
starch film; (B) tapioca
starch-potassium sorbate film;
(C) potassium sorbate
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probably, this is determined by hydrogen bonding of starch
and sorbates.

It can be observed in Table 1 that, in the range 3.0-4.5,
broth pH did not exert a significant («: 0.05) effect on Q.
Anyhow, as can be seen in Fig. 1 panel C, antimicrobial
concentration in the broth, at pH 4.5 and 3.0, suffered a
restrained increase between 10 and 90 min for method 3 and
this behavior resulted in significantly lower values of Qiy¢
than the ones obtained for pH 6.0.

Analysis of rate constants (k) showed that filmmaking
technique and broth pH exerted a significant influence on
the release of sorbates (Table 1). It can be seen that the &
values were significantly higher at pH 4.5 for methods 1 and
2 films. Probably, after immersion in broth, the film swelled
as a result of the diffusion of water molecules into the film,
affecting its pH. As a consequence, a different relation be-
tween dissociate and non-dissociate form of the preservative
was achieved in each case. At pH 3.0, the non-dissociated
form prevailed (sorbic acid) and this form is less soluble in
aqueous systems than the sorbate charged form [29]. How-
ever, k values obtained for films made through method 3
and assayed in the 3.0-6.0 pH range, were the highest, in
general, and did not show significant differences for the dif-
ferent pHs assayed. This latter trend may be related with the
amorphous character of this film which might facilitate water
interaction with film matrix, producing an increased loosen-
ing and higher values of k (Table 1). It was reported for
methylcellulose-chitosan films containing KS that rates of
preservative release at pH 3.0 and 6.0 were not significantly
different [9]. Moreover, no effect of pH (3.8-7.0) of the solu-
tion adjacent to the film in the diffusion of KS supported in a
k-carrageenan film was observed by Choi et al. [40]. On the
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contrary, other researchers [48] observed a longer surface re-
tention of sorbic acid contained in a methylcellulose-palmitic
acid film as the pH of a water-glycerol receiving solution was
increased from 3.0 to 7.0. The different trends mentioned in
relation to the effect of the pH of the solution on the release
of the preservative suggest that the type of polymer used to
make the film plays an important role.

When filmmaking influence on preservative release was
evaluated at pH 3.0 or 4.5, it was observed that lower val-
ues of the rate constant were obtained, in general, for films
made through method 1 or method 2. As a consequence, we
can conclude that a lower rate of drying determined a crys-
talline degree and/or a greater structural order of film matrix
which restricted matrix-water interaction producing lower
rate constants for release than those observed for film made
through method 3. Anyhow, the amorphous conditions of
this last film enhanced not only water-starch interaction but
also antimicrobial-starch interaction. This last effect seems
to have prevailed for longer immersion times determining a
lower Qj,¢ for method 3 than for method 1.

Kinetic of preservative release to a semisolid medium

The antimicrobial release to a semisolid medium was studied
for films made through method 3. Diffusion increased with
time until an asymptotic value was reached after 4 h of stor-
age. The kinetic constant of release (k = 0.037 & 0.06 min~")
and the asymptotic value (Qj,r = 0.605 £ 0.018) were lower
than the ones obtained for the liquid medium and results are
in accordance with trends reported by Guilbert et al. [49],
who stated that diffusion of sorbic acid was restricted due to
the presence of a gel structure. As the ay, of the agar used was
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higher than the one of the films (0.980 vs 0.576), swelling
of the film was observed: disk diameter increased from an
initial value of 1 cm to a value of &~ 1.3 cm at the end of
the experiment, due to the absorption of free water by starch
matrix.

Antimicrobial activity

Effectiveness for controlling microbial growth
of preservative released to a liquid medium

Figure 3 compares the ability for inhibiting the growth of Z.
bailii, of a broth containing sorbate released from a tapioca
starch film, in relation to the direct addition at the begin-
ning of the incubation period, of the amount of preservative
found at equilibrium conditions of release. As different film-
making methods did not influence the antimicrobial activity
of sorbate, results shown are those obtained for films made
through method 3.

When the receiving pH broth was 6.0, sorbates released
from the film or its direct addition to the medium did not
affect yeast growth. As can be seen (Fig. 3, panel A) yeast
reached the stationary phase, approximately, after 48 h of
incubation. This lack of inhibitory action is probably due
to the presence of the preservative in the dissociated form,
being the non-dissociated form the one which mainly possess
antimicrobial activity [29, 50, 51].

As it can be seen in Fig. 3, panel B, when the receiving
pH broth was 4.5, in the presence of sorbate released from
the film, yeast lag phase was extended to 20 h and then,
growth took place at a rate lower than the one observed
for the control system (broth containing a preservative free
film). However, the population level at the stationary phase
was similar for both systems. Direct addition of KS to the
broth showed the same effect on the microorganism than the
one exerted by sorbate released from the film. In summary,
sorbates released from the film or added at the beginning of
the incubation, extended lag phase, decreased yeast growth
rate and had no effect on stationary population. This behavior
is related to the fact that for a pH of 4.5, at equilibrium
conditions, sorbate present in the media ranged from 0.418
to 0.464 g/kg (expressed as KS) for different filmmaking
methods, being this amount, probably, below the minimum
inhibitory concentration (MIC) at this pH [48, 49]. It must be
mentioned that the MIC for Z. bailii at pH 5.0 is 1.005 g/kg
(expressed as KS) according to Praphailong et al. [52] and,
that Castro et al. [53] stated that at pH 3.5 and, in Saboureaud
broth acidified with citric, the MIC for this microorganism,
is 0.400 g/kg (expressed as KS).

When the receiving pH broth was 3.0, sorbates released
from the film or directly added to the medium, extended the
lag phase to 20 h. Then, the population decreased reach-
ing a reduction of 2log cycles after 72 h (Fig. 3, panel C).
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Fig. 3 Z. bailii growth in Saboureaud broth adjusted to different pH
values. CFU/mL: colony forming units per milliliter. Panel A: pH 6.0;
Panel B: pH 4.5; Panel C: pH 3.0. Broth with film containing potassium
sorbate (). Broth containing a free potassium sorbate film (A). Broth
with direct addition of the amount of potassium sorbate liberated from
films at equilibrium conditions (A). Vertical bars represent standard
deviation of the mean (n = 3)

Results obtained are as expected taking into account that the
amount of sorbates released from films at equilibrium condi-
tion ranged from 0.387 to 0.481 g/kg (expressed as KS) for
different filmmaking methods, and that at pH 3.0, the MIC
for inhibiting the growth of Z. bailii in Saboureaud broth is
0.300 g/kg (expressed as KS) according to Gliemmo et al.
[36].

Films free of preservative and immersed in broth adjusted
at pH 4.5 or 6.0 did not modify yeast growth pattern sug-
gesting that neither depression of pH nor the release of any
component of the film matrix exerted any inhibitory effect
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on growth. But, when pH of the receiving solution was de-
pressed to 3.0, yeast lag phase was extended to 15 h, growth
rate decreased, and a lower level of population in the station-
ary phase was observed. This behavior confirmed that pH
depression to 3.0 exerted per se an inhibitory effect on yeast
growth as it was reported previously by other researchers
[52, 53].

It must be highlighted that sorbate equilibrium concentra-
tion in the broth remained constant throughout the incubation
period demonstrating that the preservative neither was used
by the yeast cells nor was destroyed by an oxidative mecha-
nism.

It can be concluded that effectiveness of KS does not
depend on the form of KS addition probably due to the high
rate of sorbate release from films (Table 1). At pH 4.5 and, at
the beginning of the incubation period, release from the film
was as effective in controlling growth as direct addition and
at pH 3.0; both forms of addition showed the same efficacy,
probably as a result of having a preservative level above the
MIC needed to inhibit Z. bailii.

According to Chung et al. [14], slow release of propyl
paraben is not as effective as direct addition of the antimi-
crobial when the initial concentration of the S. cereviseae
is rather high. Anyhow, a major advantage of slow release
over direct addition might be the continuous microbial inhi-
bition if slow delivery to food is attained during an extended
period fact that can help to reduce cross contamination dur-
ing food use and storage rather than during preservation.
In our case, we observed a high initial release of preser-
vative when studies were conducted without the restriction
generated by a semisolid matrix, generally present in food
products. This high initial release could inhibit the microbial
growth at the early stage of storage. However it might also
result in an increase of the antimicrobial concentration at
the food surface and hence increase its diffusion rate from
the surface into the foodstuff due to the high concentration
gradient.

Effectiveness of potassium sorbate containing films
as barriers to yeast contamination

Figure 4 (panel A) shows the effect of KS incorporated in
tapioca starch films obtained by method 3 on inhibition of Z.
bailii inoculated at the surface of film discs. Films containing
KS promoted a yeast population decrease that was one log
cycle higher than the one determined by free preservative
films after 24 h of incubation. This assay demonstrated that
sorbates contained in the films are available to act as a barrier
for external yeast contamination.

On the other hand, when the film stayed in contact with
an acidified high water activity (ay) product (Saboureaud
agar with a,, depressed to 0.98 by addition of glucose and
pH adjusted to 4.5 with citric acid. Fig. 4, panel B), it was
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Fig. 4 Films as barriers to external contamination by Z. bailii. CFU/g
t: colony forming units per gram at time ¢. CFU/g i: colony forming units
per gram at time zero. Panel A: Growth of Z. bailii in the surface of the
film. Panel B: Growth of Z. bailii in the surface of a film in contact with
a semisolid media of a,, 0.98 and pH 4.5. (4) method 1 (M1) film with
potassium sorbate; () method 2 (M2) film with potassium sorbate;
(M) method 3 (M3) film with potassium sorbate; (A) M1 film without
potassium sorbate; (¢ ) M2 film without potassium sorbate, ((J) M3 film
without potassium sorbate. Vertical bars represent standard deviation
of the mean (n=23)

observed that Z. bailii population remained at the lag phase
for systems covered with films carrying KS. No differences
were observed for different casting techniques assayed. On
the contrary, the semisolid food model covered with free-
preservative films suffered a 3log cycle increase of the yeast
counts after 48 h of storage.

Conclusions

Sorbates contained in tapioca starch—glycerol edible films
were released with a pseudo first order kinetic to liquid
media of pH 3.0-6.0. Rate constant (k) was affected by
gelatinization/drying technique applied: higher rate of gela-
tinization and drying of films (method 3) determined a
faster liberation of the preservative until equilibrium con-
ditions. This fact could be a consequence of the higher
amorphous degree of starch matrix. Liquid media pH,
also affected k values for filmmaking methods 1 and 2:
higher pH determined higher k probably due to the in-
crease with pH of the solubility of sorbates in aqueous
systems.
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Fraction of preservative released (Qjnr) was affected by
filmmaking method: slow gelatinization and drying deter-
mined the highest values, probably due to the increase in
crystalline degree fact that involved a lower availability of
OH groups to interact with sorbates. It is important to re-
mark that for all filmmaking techniques assayed, sorbates
were almost completely released after 30 min of immersion
in a liquid media.

Antimicrobial effectiveness of sorbates released to a lig-
uid medium was not affected by mode of addition: at pH 4.5,
direct addition of the preservative was as effective in delay-
ing yeast growth as sorbates released from the film. At pH
3.0, preservative released from the film or directly added, de-
creased yeast population reaching a reduction of 2log cycle
after 72 h.

In relation to film effectiveness as a barrier to contami-
nation, it was observed that the preservative is available to
prevent an external Z. bailii contamination and also to con-
trol yeast growth in an acidified (pH 4.5) high water activity
(aw =0.98) semisolid product. Diffusion of sorbates con-
tained in the film to the food model increased with time until
an asymptotic value was reached after 4 h of storage and it
corresponded to a 61% of total KS content of the film. The
rate of release and the asymptotic value achieved were lower
than the ones observed for the liquid medium.

Edible coatings and films are considered part of the food.
There are clear regulations regarding the addition of preser-
vatives to food for each country, which include the maximum
levels of preservatives that are allowed. As a consequence,
it is important to remark that the edible film formulation
proposed must be adapted in order to ensure a content of
potassium sorbate in the food that is in accordance with
maximum values of sorbate allowed by food legislation of
the country of application.
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