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ABSTRACT

Nowadays, there is an increasing concern regarding
the shelf life of food products, leading producers to
research natural antimicrobial agents to use in food
preparation. In this study, we evaluated the antifungal
activity of Lactobacillus plantarum fermented whey
and then added the whey during preparation of pita
bread to study shelf-life improvement. The fermented
whey showed a satisfactory inhibitory (antifungal)
effect against Penicillium expansum and Penicillium
brevicompactum strains: the minimum inhibitory and
minimum fungicidal concentrations ranged from 3.9
to 39.0 g/L and from 62.5 to 250 g/L, respectively.
Addition of fermented whey increased the shelf life of
the pita bread. After inoculation of the bread surface
with Penicillium, an increase in shelf life until d 8 was
achieved compared with the positive control, whereas
under natural contamination conditions, an extension
of shelf life until d 19 was observed. In terms of antimi-
crobial activity, the greatest reduction (100%) in fungal
growth was achieved when all of the water in the dough
was replaced with fermented whey. An untrained sen-
sory panel could not identify differences between bread
produced with fermented whey and control pita breads.
These results suggest the possibility of using fermented
whey in food preservation.

Key words: whey, shelf life, pita bread, antifungal
activity, Penicillium strains

INTRODUCTION

Food waste is an important global issue in food se-
curity; 89 million tonnes of food is wasted per year
(approximately one-third of the total food produced for
human consumption), and it is expected to increase by
up to 40% in 2020. Food loss caused by food deteriora-
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tion occurs in the entire food system, but the most
concerning is the loss of fruit and vegetable products
(45%), followed by cereal and bakery products (30%),
dairy products (20%), and legumes (20%; Gustavsson
et al., 2011).

Bakery products represent an important source of
nutrients consumed in a balanced diet. They are sub-
jected to chemical, physical, and microbial spoilage
that limit the shelf life of these products. Fungi belong-
ing to the Penicillium, Aspergillus, Cladosporium, and
Neurospora genera, particularly, Penicillium commune,
Penicillium solitum, Penicillium corylophilum, and As-
pergillus flavus are among the most common spoilage
organisms found in baked products (Axel et al., 2017).

The stability of bakery products against natural
spoilage and contamination by microorganisms is
mainly due to preservatives. Without them, the shelf
life of bread is around 3 to 4 d (Mondal and Datta,
2008; Saranraj and Geetha, 2012). European Commis-
sion Regulation 1333/2008 /EC regulates the maximum
content of food additives, such as propionic acid and
propionate, to 3,000 mg/kg in prepacked sliced bread
and rye bread; 2,000 mg/kg in energy-reduced bread,
partially or prebaked bread, prepacked rolls, and buns;
and 1,000 mg/kg in prepacked bread (European Com-
mission, 2008; EFSA, 2016).

Given consumers’ increasing concerns regarding syn-
thetic additives in food preparation, there is a growing
interest in researching and developing natural antimi-
crobial agents to inhibit the growth of fungi, the main
agent responsible for food deterioration (Leyva Salas et
al., 2017).

Whey has an estimated worldwide production at
around 145 million tonnes, with a growth rate of 1 to
2% yearly (CLAL, 2016). Sweet whey is also used in
whey dairy beverages, for producing ricotta and milk
blends (Trindade et al., 2019). Of the total produc-
tion, 59% is used in the industry (whey powder and
lactose 58%, whey protein concentrate and isolate
35%, and the remaining 7% used for other industrial
products) and 41% is disposed of as feed, fertilizer, or
waste (Ganju and Gogate, 2017; Bacenetti et al., 2018).
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Due to its unique properties and chemical and physi-
cal characteristics, whey is an excellent candidate to
release natural preservatives useful to delay microbial
growth and reduce food waste (Jideani and Vogt, 2016;
Ribes et al., 2018).

Even though intact whey proteins have several im-
portant biological activities, the hydrolysis of proteins
through enzymes or during fermentation leads to the
release of secondary metabolites and antimicrobial
compounds associated with beneficial health effects
(Dullius et al., 2018; Raveschot, et al., 2018). The use
of lactic acid bacteria (LAB) as a starter culture to
ferment food products and beverages has a long and
safe history of application, dating back to the late 19th
century (Leroy and De Vuyst, 2004).

Based on reported evidence, our objective was to
evaluate the shelf life of pita bread prepared using
fermented goat whey as a natural preservative. To
achieve this, we first evaluated antifungal activity of
whey fermented by different strains of LAB and then
incorporated whey fermented by LAB in pita bread, in
freeze-dried or liquid form, to prevent fungal growth.

MATERIALS AND METHODS
Chemicals and Reagents

Wheat flour, sugar, salt, instant yeast, and extra vir-
gin olive oil were purchased in a shop market in Valencia,
Spain. Deionized water (<18 MQ-cm resistivity) was
obtained from a Milli-Q water purification system (Mil-
lipore, Bedford, MA). Buffered peptone water, potato
dextrose agar (PDA), potato dextrose broth (PDB),
and de Man, Rogosa, Sharpe medium (MRS) broth
were provided by Oxoid (Madrid, Spain). Liquid sweet
whey (LSW) supplied by the ALCLIPOR company,
S. A. L. (Benassal, Spain) was made by the addition
of commercial rennet (starter culture R-604 contained
Lactococcus lactis ssp. cremoris and Lactococcus lactis
ssp. lactis; Hansen Ltd., Cork, Ireland) to goat milk
without chemical preservatives. Sweet whey is a dilute
product with total solids of about 6.5% and composed
of lactose (4.5%), whey protein (0.9%), ash (0.7%), and
fat (0.4%). Whey was stored upon arrival at 4°C until
analysis was carried out within 2 d. Pasteurization was
performed by heating sweet whey in a water bath to
63°C, maintaining that temperature for 30 min with
continuous mixing, followed by rapid cooling according
to standardized guidelines (Roth-Walter et al., 2008).

Microorganisms and Culture Conditions

Lactobacillus plantarum strains CECT 220, 221, 223,
and 748 were obtained from Coleccion Espanola de
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Cultivos Tipo (CECT, Valencia, Spain) and stored at
—80°C in 25% glycerol. Before use, the cultures were
thawed in sterile conditions and activated in sterile
MRS broth at 37°C for 48 h.

Mycotoxigenic strains of Penicillium expansum CECT
2278 and Penicillium brevicopactum CECT 2316 were
purchased from the CECT. All strains were maintained
in PDA at room temperature (25°C) until use. Penicil-
lium species were previously cultured in PDB liquid
medium following the manufacturer’s specifications (27
g of product per 1 L of distilled water) and sterilization
of the Selecta autoclave medium (Barcelona, Spain) at
121°C for 20 min.

Whey Fermentation

Liquid sweet whey was fermented with 4 different
strains of lactobacilli (L. plantarum CECT 220, 221,
223, and 748) for 72 h at 37°C. The suspension of each
LAB at a concentration of 10° cfu/mL was added to 40
mL of pasteurized whey under a sterile hood. After the
72-h fermentation, the whey was centrifuged at 3,100 x
g for 10 min at 15°C to remove bacteria (5810R centri-
fuge, Eppendorf, Hamburg, Germany). A portion was
used for LSW and a portion lyophilized. The cell-free
supernatant was filtered through a 0.22-pm filter, added
to 1 mM phenylmethanesulfonyl fluoride (PMSF) pro-
tease inhibitor, and lyophilized. The lyophilized whey
was stored at —80°C and used for further analysis, in
testing antifungal activity and in pita bread making.
Both liquid and lyophilized whey were used in the pita
bread making. The fermentation of sweet whey by each
L. plantarum strain was performed in triplicate.

Antifungal Activity Test

Antifungal activity of fermented whey was assessed
by using the Kirby-Bauer test reported by Luz et al.
(2018) with slight modifications. Antifungal activity
against 2 fungal strains of the genus Penicillium was as-
sessed after 72 h of fermentation time for whey. Briefly,
70 puL of lyophilized sample (0.5 g/L) solubilized in
PDB was added to wells (5 mm diameter) cut in PDA,
which was previously spread plated with 1 x 10* fungal
spores and kept at 26°C for 3 d. Following incubation,
the inhibition zones were measured. Halos >8 to 10 mm
were considered positive for antifungal activity.

Determination of MIC and Minimum
Fungicidal Concentration

A quantitative evaluation of the antifungal activity
of fermented whey by L. plantarum strains was deter-
mined using the method of Puskarova et al. (2017) with
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some modifications. A negative control without the ad-
dition of spores and a positive control in the presence
of spores were included. The assay was performed using
a micro-dilution technique in 96-well sterile microplates
to obtain serial dilution concentrations. First, 0.5 g
of the lyophilized sample was resuspended in 1 L of
PDB. We added 100 pL of this sample to 100 pL of
spores at a concentration of 5 x 10" to obtain a final
concentration range of 250 to 1.95 g/L. The 96-well
microplates were incubated at 26°C for 72 h. The MIC
is the lowest concentration of extract able to inhibit
the visible growth of a microorganism. The minimum
fungicidal concentration (MFC) is defined as the low-
est concentration resulting in a 99.9% reduction in the
starting inoculum. To determine MFC, 10 pL of each
concentration with visible fungal growth was seeded on
PDA plates. The MFC value was determined after 72 h
of incubation at 26°C.

Preparation of Pita Bread Dough, Inoculation,
and Packaging

Pita bread was prepared by adapting the method
reported by Saladino et al. (2016) with slight modifica-
tions. Commercial wheat flour (250 g) was mixed with
sugar (2.5 g), extra virgin olive oil (20 mL), salt (5 g),
instant yeast (15 g), and the amount of water needed
to reach the recommended compactness necessary to
obtain good quality pita bread (125 mL). The dough
was mixed for 12 min in the Simon extensometer mixer
(model AM10, MBH, Barcelona, Spain) and left to rise
for 30 min at 30°C in the dark. Then, the dough was
divided into 40-g portions, rolled to the desired thick-
ness of approximately 6 to 7 mm (4 cm in diameter),
placed on a perforated greased plate, and baked at
180°C for 7 min in a muffle furnace (Memmert ULE
500 AO; Barloworld Scientific S.A., Madrid, Spain).
After baking, pita bread samples were cooled to room
temperature (20-22°C, 1 h) and immediately prepared
to be inoculated with Penicillium. Eight different
types of pita bread were prepared: Pita bread without
synthetic additives (positive control); pita bread with
0.2% calcium propionate (negative control); pita bread
with 1% freeze-dried whey fermented by L. plantarum
220 (treatment 1), L. plantarum 221 (treatment 2), or
L. plantarum 223 (treatment 3); pita bread prepared
by replacing 100% of the water in the dough with lig-
uid whey fermented by L. plantarum 220 (treatment
4); L. plantarum 221 (treatment 5); or L. plantarum
223 (treatment 6); in addition, the same treatments
described above (8 types) were also prepared for pita
bread produced without any artificial fungal contami-
nation.

Journal of Dairy Science Vol. 103 No. 7, 2020

The antifungal activity of fermented whey was tested
both in bread artificially contaminated with the chosen
fungal spores (P. expansum CECT 2278 and P. brevi-
compactum CECT 2316) and on bread exposed under
natural contamination conditions. The efficacy of fer-
mented whey to inhibit fungal growth on bread was
evaluated following the method used by Ryan et al.
(2011) with some modifications.

After baking, 9 replicas for each type of pita bread
were inoculated in 9 spots with 100 pL of a suspension
containing 1 x 10° conidia/mL of the chosen fungi and
9 replicas for each type allowed for natural contamina-
tion. Each 1 of the mentioned 9 replicas came from 3
distinct (n = 3) fermentations with the same strain.
Conidial concentration was measured by optical density
at 600 nm and adjusted to 10 conidia/mL in PDB
as reported (Kelly et al., 2006). For the evaluation of
inhibition of fungal growth in pita bread, P. expansum
CECT 2278 and P. brevicompactum CECT 2316 were
used. Finally, they were packed in sealed low-density
polyethene bags using a Sammic TS-150 thermosealer
(Basarte, Spain). All plastic bags were hermetically
sealed and incubated at room temperature for 10 to
20 d. During this period, we checked the surface of the
inoculated pita bread daily to identify growth or no
growth of fungus and to establish the effect of treat-
ments on shelf life.

Antimicrobial Activity: Determination of Fungal Load

Once the preservation period of pita bread samples
was exceeded (i.e., 10 and 20 d for the artificially and
naturally contaminated pita bread, respectively), we
performed a microbiological study. Briefly, 10 g of each
pita bread was homogenized with 90 mL of peptone
water, previously autoclaved, in a Stomacher TUL (Bar-
celona, Spain) for 30 s. From that mixture, 3 serial
decimal dilutions were prepared in glass tubes with 9
mL of peptone water. Subsequently, 100 pL from each
tube was plated out in PDA culture medium plates.
The plates were incubated at 26°C, and the number of
viable colonies counted after 72 h of incubation.

Sensory Evaluation

Sensory evaluation of the various types of pita bread
was carried out using a 9-point hedonic scale as previ-
ously described by Samapundo et al. (2017). The scale
ranged from dislike (1) to like extremely (9). The sen-
sory evaluation of the pita bread was performed by
25 assessors, each of whom was presented with coded
samples in random order and asked to evaluate the
flavor of each sample in the order provided. Thirteen



Izzo et al.: WHEY FERMENTED USING LACTIC ACID BACTERIA

members of the panel (9 female and 4 male) were uni-
versity members aged between 24 and 56 yr who had
experience in tasting food products, whereas 12 were
volunteers who had not taken part in a panel before
but received theoretical training in sensory analysis
before the evaluation. Participants were asked not to
eat, drink, or smoke 2 h before the panel, with the
exception of drinking water. We tallied the responses
of the assessors of the flavor of the pita bread and cal-
culated the averages and standard deviations. The 25
assessors’ responses for the replicates of each sample
were analyzed by a one-way ANOVA statistical test.

Statistical Analysis

Statistical analysis of data was performed using the
software InfoStat version 2008 (https://www.infostat
.com.ar/index.php?mod=page&id=15). The differ-
ences between the groups were analyzed with one-way
ANOVA followed by the Tukey HSD post-hoc test for
multiple comparison. Results are expressed as mean
values == SE means. The chosen significance level was
P <0.01.

RESULTS AND DISCUSSION

Qualitative and Quantitative Evaluation of Antifungal
Activity of Fermented Whey

The leading cause of economic losses in bakery
products is fungal contamination. Among bread con-
taminants, the most common responsible for fungal
growth are Penicillium strains and molds derived from
Aspergillus, Rhizopus, Furotium, and Monilia genera
(Saranraj and Geetha, 2012). An evaluation of pH with
and without fermentation of whey by 4 L. plantarum
strains is shown in Table 1. We observed a decrease in
pH of fermented whey compared with the unfermented
product. The decrement in pH value from 5.9 to 5.5 (no
fermentation and control whey, respectively) was due
to the starter cultures used (Hill et al., 2017).

Table 1. pH measurement of whey with and without fermentation by
4 Lactobacillus plantarum strains (value = SD)

Treatment pH
Whey without fermentation 5.9 £ 0.01
After fermentation
Whey control' 5.51 £ 0.10
Whey fermented by L. plantarum CECT 220 3.50 £+ 0.04
Whey fermented by L. plantarum CECT 221 3.67 £ 0.01
Whey fermented by L. plantarum CECT 223 3.45 + 0.01
Whey fermented by L. plantarum CECT 748 4.69 £ 0.05

'The fermentation process of whey control does not include lactic acid
bacteria.
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The qualitative antifungal activity of sweet fermented
whey against the tested fungi is detailed in Table 2.
Sweet whey fermented by L. plantarum 220, L. planta-
rum 221, and L. plantarum 223 had greater antifungal
activity than sweet whey fermented by L. plantarum
748. The diameters of the inhibition zones toward the
pathogenic strains were 9.0 and 10.0 mm.

The antifungal activity of LSW in liquid medium
against the tested fungi allowed us to determine MIC
and MFC. The MIC and MFC values of goat whey
fermented by strains of L. plantarum at 72 h of fermen-
tation time are detailed in Table 2. The MFC ranged
from 62.5 to 78.1 g/L for whey fermented by L. plan-
tarum CECT 220, 221, and 223, and was 250 g/L for
whey fermented by L. plantarum CECT 748. The MIC
ranged from 3.9 to 39.0 g/L for the 2 tested fungi. The
lowest MIC (3.9 g/L) was found for L. plantarum 223
against P. expansum.

Our results showed that antifungal activity is corre-
lated with the L. plantarum strain used in fermentation.
Among different strains of LAB, L. plantarum can fer-
ment a broad range of food products. In addition, it can
be used as a starter culture in fermentation, prolonging
the shelf life and safety of these products (Behera et
al., 2018). Russo et al. (2016) screened 88 L. plantarum
strains isolated from various matrices for their antifun-
gal activity against 7 common contaminants of cereal
and showed that L. plantarum can inhibit mycotoxi-
genic fungi, including P. expansum. This evidence, also
reported by Tulini et al. (2016), demonstrated the anti-
fungal activity of various strains of 815 LAB isolated by
156 different dairy products. Lactobacillus plantarum
FT723 demonstrated a satisfactory activity against P.
expansum in a modified MRS agar and fermented milk
model.

Furthermore, Juodeikiene et al. (2018) studied the
ability of LAB metabolites derived from whey to add
value to this by-product. The results confirmed that
metabolites of LAB exhibited strong activity against
mycotoxigenic fungi. Lactic acid bacteria are able to re-
strict the growth of fungi; consequently, this reduction
in formation of toxins helps prevent food loss (Lowe
and Arendt, 2004; Schillinger and Villarreal, 2010).

Artificial Contamination and Natural Contamination
of Pita Bread

In recent years, interest in food biopreservation has
increased. We used the mycotoxigenic strains P. expan-
sum and P. brevicompactum to study shelf-life extension
in pita bread. We included an experiment without fun-
gal inoculation to test natural contamination by fungal
spores in the environment. Table 3 shows the results
of the different experiments. In the positive control
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) among treatments.

P <0.01

“Different letters show significant difference (

a

! Antifungal assay on potato dextrose agar. The diameters of the inhibition zones toward the pathogenic Penicillium strains were 9.0 (++) and 10.0 (4+4+) mm (n = 4 replications).

CECT

Coleccién Espanola de Cultivos Tipo (Valencia, Spain).

*MIC and minimum fungicidal concentration (MFC) obtained in whey fermented with 4 L. plantarum strains after 72 h of fermentation; results expressed in g/L (mean =+ SD).

(pita bread prepared without additives), growth of P.
expansum and P. brevicompactum was visible on the
surface of pita bread beginning on d 2, whereas in the
negative control (pita bread prepared with additives),
visible fungal growth began on d 6.

We further extended the shelf life of pita bread by
adding either freeze-dried or liquid whey that had been
fermented using strains of L. plantarum. In this case,
fungal growth of P. brevicompactum in pita bread pre-
pared with 1% freeze-dried whey was observed on d 3
of storage, whereas fungal growth was first observed
between d 9 and 10 (resulting in a total shelf life of 8
to 9 d) in pita bread in which liquid fermented whey
replaced the water in the dough. Similar results were
observed for P. expansum, with the only difference be-
ing that fungal growth on pita bread prepared with 1%
freeze-dried whey began at d 4. Thus, using whey fer-
mented with L. plantarum in pita bread dough, we were
able to increase shelf life by 1 to 2 d (using freeze-dried
whey) and by 7 to 8 d (using liquid fermented whey).

In the experiment to assess natural contamination of
pita bread, we observed fungal growth on d 5 for the
positive control and on d 6 for the negative control. A
notable improvement in the shelf life of pita bread was
achieved by adding fermented whey to the pita bread
dough. In dough with freeze-dried whey, visible fungal
growth was observed on d 7 and 8, whereas in dough
prepared by replacing water with LSW, slight fungal
growth was observed on d 19 for treatments 5 and 6
and on d 20 for treatment 4.

Photographs of pita bread inoculated with P. brevi-
compactum and P. expansum (after 10 d) and pita bread
subjected to natural contamination (on d 20) are shown
in Figure 1.

The results obtained in this work were in accordance
with Gerez et al. (2009), who evaluated the ability of
LAB to inhibit Aspergillus, Fusarium, and Penicillium
in bread preparation. Using LAB in bread preparation,
the authors reported an increase in the shelf life of 5
d compared with bread without LAB. Further, the ad-
dition of LAB in bread preparation made it possible
to reduce calcium propionate (a synthetic preservative
normally used in the preparation) by 50%. These re-
sults agree with a recent study carried out by Le Lay et
al. (2016). In the latter work, the addition of different
LAB delayed fungal growth after LAB were incorpo-
rated during preparation of milk bread rolls. The abil-
ity of L. plantarum to produce antifungal compounds
during sourdough fermentation have been reported by
Dal Bello et al. (2007). Addition of LAB to bread could
slow fungal growth compared with the use of chemical
additives.

In research conducted by Rehman et al. (2007), LAB
(Lactobacillus delbrueckii ssp. bulgaricus) were added
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Table 3. Shelf life (d; means £+ SD) of pita bread contaminated with Penicillium expansum, Penicillium
brevicompactum, and natural contamination evaluated through visual observation’

Contamination

Treatment® P. expansum P. brevicompactum Natural

Positive control 24 £ 0.7 2.1 £0.3" 5.3 + 0.5
Negative control 6.1 + 0.8° 6.2 + 0.8" 6.3 + 0.5™
Treatment 1 3.9+ 08" 2.7 + 0.5" 7.8 + 04"
Treatment 2 4.0 +£0.9" 2.7 + 0.6" 6.8 + 0.7
Treatment 3 42408 2.9 + 0.3 7.5 405"
Treatment 4 9.7 + 0.6¢ 9.7 £ 0.8° 19.8 + 0.4°
Treatment 5 8.6 + 0.5 9.1+ 0.9 18.8 + 0.7¢

Treatment 6 9.1 + 0.7 9.9 + 0.6° 19.2 + 0.7°

*“Different letters show significant difference (P < 0.01) among treatments.

"Values in the table are the mean of 9 replications of 3 fermentations with the same strain.

*Positive control = dough without synthetic additives; negative control = dough with calcium propionate;
treatments 1, 2, 3 = dough prepared with freeze-dried fermented whey; treatments 4, 5, 6 = dough with 100%
of water replaced with liquid whey fermented with Lactobacillus plantarum.

alone and in combination with yeast (Saccharomyces
cerevisiae) to evaluate effects on the shelf life of bread.
Lactobacillus delbrueckii ssp. bulgaricus was most ef-
fective in inhibiting microbial spoilage and extending
shelf life. Axel et al. (2015) tested LAB as a natural
preservative in quinoa bread to inhibit spoilage. Re-
sults showed an increase of 4 d in the shelf life of the
quinoa bread compared with the nonacidified control
when sourdough fermented with Lactobacillus amylovo-
rus DSM19280 was incorporated in the bread recipe.
Coda et al. (2011) investigated the antifungal activity
of Wickerhamomyces anomalus and sourdough LAB (L.
plantarum) to extend the shelf life of wheat-flour bread.
The bread manufactured with the combination of L.
plantarum 1A7 and W. anomalus LCF1695 showed the
most volume and softness, and the fungal growth was
delayed until at least 28 d of storage at room tempera-
ture under common storage conditions.

Moore et al. (2007) showed the effects of incorpo-
ration of sourdough fermented by L. plantarum FST
1.7 into a gluten-free bread to produce antifungal com-
pounds. Results indicate that L. plantarum FST 1.7
can be used to produce gluten-free bread with increased
quality and shelf life.

Ryan et al. (2008) investigated the sourdough fer-
mented by the antifungal strains L. plantarum FST 1.7
or L. plantarum FST 1.9 for the ability to inhibit wheat
bread spoilage caused by mycotoxigenic fungi. Possible
synergistic effects of the combination of antifungal
sourdoughs and calcium propionate in the bread formu-
lation were evaluated. A strong synergistic effect was
observed and the increase in shelf life was higher than
that achieved using 3,000 ppm of calcium propionate
alone. Saladino et al. (2016) tested 16 probiotic bacte-
ria against 2 mycotoxigenic fungi, Aspergillus parasiti-
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cus and P. expansum, for their antifungal activity. The
LAB strains that showed in vitro antifungal activity
were used in bread fermentation with yeast to study
fungal growth inhibition and aflatoxin reduction in
processed bread previously inoculated with A. parasiti-
cus. Results showed a reduction of aflatoxins ranging
from 84.1 to 99.9% and an increased shelf life in bread
of about 3 to 4 d. Gerez et al. (2010) tested 4 LAB
strains for their capability to inhibit Penicillium spp.
growth and lengthen shelf life with respect to breads
prepared using only Saccharomyces cerevisiae (2-d shelf
life). Lactobacillus plantarum CRL 778 provided the
best biopreservation effect (a 5-d shelf life), which is as
effective as 0.2% calcium propionate.

Recently, Gamba et al. (2016) optimized whey
fermentation conditions with 3 types of kefir grains
(IDCA, AGK1, and AGK2) to achieve better antifun-
gal activity against Aspergillus spp. The inclusion of
kefir fermented milk when preparing arepa (a Latin
American cornmeal cake) provided greater resistance to
fungal contamination and increased shelf life compared
with the traditional arepa.

Luz et al. (2020) studied the antifungal effects of goat
milk whey hydrolyzed by trypsin against 10 toxigenic
fungi from the genus Penicillium. Fermented whey was
added as an ingredient in bread preparation and inocu-
lated with toxigenic fungi. Results showed an increase
in the preservation period and a reduction in mycotoxin
production.

Even though available studies report the antifungal
activity of fermented whey, there are limited studies on
the usage of fermented whey in baking. To the best of
our knowledge, this is the first scientific report focused
on the use of whey fermented by LAB used to improve
the shelf life of pita bread.
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Figure 1. Images of pita bread inoculated with (a) Penicillium brevicompactum or (b) Penicillium expansum after 10 d of storage, and (c)

pita bread without inoculation with fungi after 20 d of storage. Positive control was prepared without synthetic additives; negative control was

prepared with calcium propionate; treatments 1, 2, 3 were prepared with freeze-dried whey fermented with Lactobacillus plantarum; treatments
4, 5, 6 were prepared with liquid whey fermented with Lactobacillus plantarum replacing 100% of water in the dough.

Antimicrobial Activity: Determination of Fungal Load

At the end of the preservation period of pita bread
(10-20 d), a microbiological study was performed to
determine the fungal contamination present in each of
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the pita bread samples. First, the pH of pita bread
after homogenization in the stomacher was measured;
average values are shown in Table 4. A decrease in pH
values was observed in pita bread with the addition of
fermented whey in the dough. A significant (P < 0.01)



Table 4. Average and relative standard deviations of pH of homogenized pita bread after preservation period
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(10-20 d)
Penicillium Penicillium Natural

Treatment' expansum brevicompactum contamination
Positive control 5.79 4 0.072% 6.08 4 0.03%" 6.11 4 0.02"
Negative control 5.82 & 0.130%" 5.94 £ 0.02" 5.71 & 0.22°%
Treatment 1 5.36 & 0.015% 5.59 4 0.01% 5.51 4 0.14%
Treatment 2 5.57 & 0.066% 5.78 + 0.10%" 5.64 & 0.28%%
Treatment 3 5.42 + 0.010% 5.55 + 0.05% 5.54 + 0.06%
Treatment 4 4.82 + 0.056™ 4.86 + 0.01* 4.95 + 0.02"
Treatment 5 4.94 + 0.038" 5.03 + 0.04 5.08 + 0.01™
Treatment 6 4.63 £ 0.026" 4.64 £+ 0.02" 4.76 £ 0.03™

“'Different letters show significant differences (P < 0.01) among treatments.
'Positive control = dough without synthetic additives; negative control = dough with calcium propionate;
treatments 1, 2, 3 = dough prepared with freeze-dried fermented whey; treatments 4, 5, 6 = dough with 100%
of water replaced with liquid whey fermented with Lactobacillus plantarum.

percentage of pH reduction was observed in pita bread
prepared with the replacement of 100% water with
fermented whey during preparation. The pH decreased
to between 4.63 and 5.08 in treatments 4, 5, and 6. A
decrease in pH values of pita bread dough during the
fermentation period using L. plantarum strain was also
observed by Gezginc and Kara (2019). The antifungal
effect is likely related to the nature of the organic acid
produced during fermentation (such as lactic or acetic
acid) or the low pH reached after fermentation, or both.
The decrease in pH is influenced by the release of weak
organic acids such as lactic acid, which is principally
dependent on the undissociated molecule, the percent-
age of which increases with decreasing pH (Smith et
al., 2004). Luz et al. (2018) reported that secondary
metabolites produced during the fermentation process
of whey by LAB could create an unfavorably acidic
environment for the fungal growth of pathogenic mi-
croorganisms and that organic acids were the main
responsible agent for antimicrobial effect.

In this data reported, the antifungal effect is fairly
well correlated with bread pH and could confirm our

hypothesis. However, the replacement of all water in
the bread recipe with fermented whey to make pita
bread may also have influenced water activity. This
potential reduction of water activity could be respon-
sible for the effect of the shelf life increase (Sandulachi,
2012). Although reduced pH and a decrease in water
activity can play an important role in extending shelf
life, we demonstrated strong antifungal activity of whey
fermented by Lactobacillus strains in both liquid (MIC
and MFC) and solid assays. All these factors could
explain the final results, indicating an increase in the
shelf life of pita bread through additive or synergistic
effects.

We observed significant reductions in fungal growth
in pita breads prepared using fermented whey (Table
5). Adding 1% freeze-dried fermented whey in pita
bread resulted in reductions in fungal growth to counts
between 4.00 and 2.15 log cfu/g, whereas using fer-
mented LSW to replace water in the dough resulted in
reductions to counts between 2.17 and 0.23 log cfu/g.

In the current work, we propose a novel possibility to
prevent or delay food deterioration. Today, the use of

Table 5. Antimicrobial activity (log cfu/g; means + SD) and percent reduction of fungal growth evaluated in pita bread after preservation

period (10-20 d)

Penicillium expansum

Penicillium brevicompactum

Without fungi

Treatment' Log cfu/g % reduction Log cfu/g % reduction Log cfu/g % reduction
Positive control 4.52 + 0.44" 3.30 + 0.07" 3.77 + 0.09"

Negative control 4.37 + 0.15 54 + 16 2.78 + 0.44° 74 + 22 3.11 + 0.13" 78+ 7
Treatment 1 4.00 + 0.16* 81 +6 2.34 + 0.42° 92 +5 2.91 + 0.05™ 87 + 2
Treatment 2 4.00 + 0.27 77 + 18 2.33 + 0.27* 89 + 7 3.00 £ 0.12* 83+5
Treatment 3 3.67 + 0.25° 90 + 5 2.15 + 0.12° 94 + 2 2.96 + 0.13" 84+ 5
Treatment 4 0.57 + 0.90° 100 + 0 0.39 + 0.43° 100 + 0 1.20 + 0.90¢ 99 + 1
Treatment 5 0.31 + 0.57° 100 + 0 0.86 + 1.01¢ 98 + 3 2.17 + 0.50° 96 + 3
Treatment 6 0.73 + 0.66° 100 + 0 0.23 + 0.36° 100 + 0 0.56 + 0.53¢ 100 + 0

*IDifferent letters show significant difference (P < 0.01) among treatments.

"Positive control = dough without synthetic additives; negative control = dough with calcium propionate; treatments 1, 2, 3 = dough prepared
with freeze-dried fermented whey; treatments 4, 5, 6 = dough with 100% of water replaced with liquid whey fermented with Lactobacillus plan-

tarum.
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chemical additives is widespread worldwide and several
food additives are used to increase shelf life (EC No.
1333/2008; European Commission, 2008). Propionic or
propanoic acid is added to food, particularly in bakery
products, to reduce molds and fungal contamination
(Carocho et al., 2014). Consumers today want less-
processed foods and natural compounds used in food
preservation. Therefore, there is growing interest in
using metabolites derived from fermentation to reduce
fungal growth as an alternative to chemical preser-
vation (Leyva Salas et al., 2017). Currently, biocon-
servation by LAB is the main alternative to replace
synthetic preservatives in food. The LAB have been
widely investigated because of their ability to induce
the production of antifungal metabolites, their role in
fermented foods, and their “generally regarded as safe”
(GRAS) status (Crowley et al., 2013).

Sensory Quality

We evaluated the sensory profile (texture and flavor)
of the different types of pita bread. The texture at-
tributes and most appearance attributes were not sig-
nificantly different between treatments. The analysis of
the mean flavor scores given by the assessors revealed
no significant difference among the treatments. Results
demonstrated the highest average score for the positive
control (7.1 £ 1.0, corresponding to slightly like), fol-
lowed by the negative control (6.6 £+ 0.9, neither like
or dislike), treatments 1, 2, and 3 (6.5 £ 0.9, neither
like or dislike), and finally, treatments 4, 5, and 6 (6.3
+ 1.1, neither like or dislike). Differences between pita
breads of different types could not be perceived by the
untrained panel. These results could be due to incon-
sistencies between assessors, which can be attributed to
different use of the scales.

CONCLUSIONS

Whey represents a major by-product of the dairy
industry. Whey fermented by strains of LAB inhibited
fungal growth of species of Penicillium. Our results sug-
gest the possibility of reusing fermented whey in the
food industry. By adding fermented whey to pita bread
dough, we extended the shelf life to 19 d under natural
contamination conditions, an increase of 14 d com-
pared with the positive control. These results support
our hypothesis of incorporating whey as a functional
component and a natural antimicrobial compound to
control fungal contaminants and extend the shelf life
of foods. Further research is warranted to expand our
knowledge on the effectiveness of whey fermented by
LAB, which could reduce the use of food additives and
lead to future applications in food model systems.
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