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Abstract

Background and objective: Aspergillus parasiticus is a common fungus that produces aflatoxins and causes food contamination. Antifungal activity of Lactobacillus
gasseri and raisins extract on the growth of Aspergillus parasiticus in yogurt (in vitro) were investigated.

Methodology: Two groups of yogurt samples were prepared. The first group consists of the plain yogurt with L. gasseri+A. parasiticus (control), and raisins yogurt with
L. gasseri+A. parasiticus, and the second group consist of plain yogurt+A4. parasiticus (control), and raisins yogurt+A4. parasiticus. All yogurt samples were investigated for
pH, titratable acidity (TA), viable cells count of L. gasseri and inhibition of 4. parasiticus growth during 1,7, & 14 days.

Results: The pH values of all samples were decreased non-significantly (p>0.05) during the storage period. The presence of raisins decreased (p<0.05) the total acidity
in yogurt with L. gasseri+A. parasiticus (1.53%) compared to control (1.98%) at day 14 of storage. The viable cell numbers of L. gasseri (0.27x10° cfu/ml) in raisins
yogurt+ A. parasiticus was lower (p<0.05) than control (0.39x10° cfu/ml) at day 14 of storage. Plain and raisins yogurt with L. gasseri showed moderate inhibition of

A. parasiticus compared to without L. gasseri at 1 and 14 days of storage.

Conclusion: L. gasseri in a combination with raisins extract may have contributed to preventing 4. parasiticus contamination in yogurt.

Introduction

Fermented milk products such as yogurt are possessed several
nutritional values to the human diet [1]. This has long been recognized
as a healthy food since ancient times and it continues to play even
more essential role nowadays in the maintenance of health and as an
important functional food in preventive medicine [2]. The nutritional
value of yogurt is made up of milks nutrients and the byproducts of
probiotic fermentation of milk [3]. It is believed that these nutrients
are capable to confer a variety of important nutritional and therapeutic
benefits to consumers.

The growth of lactic acid bacteria (LAB) in milk resulted in several
important changes in the milk components which include the reduction
in lactose concentration, milk components degradation associated with
lipolysis and proteolysis, and produce various antimicrobial agents [4].
Among the fermented milk products, yogurt exhibited effective barrier
to the growth of many pathogens due to milk pasteurization and high
acidity [5]. Consequently, controlling of the pathogen in dairy products
has been established by using bacteriocins or bacteriocin-producing
LAB as biological control [6].

Probiotics are known as “friendly bacteria’ because they bring
benefit to the human being by the metabolism that they conduct
[7]. Probiotics such as Lactobacillus gasseri are viable organisms and
supportive substances that improve intestinal microbial balance which
is widely used in dairy products [8].

Mycotoxin-producing fungi are responsible for many foodborne
diseases that arise naturally in the food [9]. However, certain probiotic
strains can bind and remove mycotoxins from liquid media [10].
Aspergillus parasiticus is a fungus produces aflatoxins that cause food
contamination as an opportunistic and pathogen [11].
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Raisins (Vitis vinifera L.) are dried grapes that contain many
properties including antimicrobial and antioxidant activity that related
to a high concentration of phenolic compounds [12].

Probiotics are safe and widely used to increase immune response
and prevent diseases. It is possible to use probiotics as an alternative
to synthetic additives for preventing food from spoilage, as well
as increasing nutritional value and therapeutic properties of food.
Therefore, this study aims to investigate in vitro the effect of L. gasseri
and raisins extract on the growth inhibition of A. parasiticus in yogurt
during two weeks of refrigerated storage.

Materials and methods

Materials

Lactobacillus gasseri (EMCC 1930) and A. parasiticus (EMCC 886)
was obtained from Egypt Microbial Culture Collection (EMCC), Cairo,
Egypt. The bacterial culture was refreshed in de Mann Rogosa Sharpe
(MRS) broth and incubated at 32°C for 24 h before streaked onto MRS
agar and re-incubated at 32°C for 48 h. A. parasiticus (EMCC 886)
was refurbished via inoculation into potato dextrose broth (PDB) and
incubated at 25°C for 3 days. Then, it was cultured on potato dextrose
agar (PDA) plates and incubated at 28°C for 7 days. All media used
were purchased from MICROMASTER, Maharashtra, India.
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Water extraction of raisins

Raisins were purchased from a local shop and prepared according
to Mnari et al. [13] with some modification. Raisins 10 g were soaked in
90 ml of distilled H,O for 24 h at room temperature. The mixture was
thoroughly homogenized by using juice mixer. Then, the mixture was
filtered and placed in a sterile plastic container. Raisins extract was kept
in -20°C fridge until required.

Preparation of yogurt

Yogurt was prepared according to shori and Baba [14] with some
modification. Two groups of yogurt were prepared. The first group was
prepared as following: pasteurized full cream milk (85 ml) was mixed
with 10 ml of raisins water extract before added 4 g of full cream milk
powder to regulate the milk solid content. Yogurt starter culture (5 ml)
containing Lactobacillus delbrueckii subsp. Bulgaricus, Streptococcus
thermophilus and L. gasseri in the ratio of 1:1:4 was added and the milk
mixture was mixed thoroughly and incubated in a water bath at 42°C.
Once the pH was reached 4.5 the yogurt was taken out and cooled down.
Spore suspensions of A. parasiticus (1 ml) containing a spore number
of ~10° spores/ml were inoculated to the yogurt before stored in the
refrigerator (4°C). Plain yogurt was prepared in the similar method
except replacing raisins water extract with distilled water (dH,0). The
second group was prepared in the same method as the first group but
yogurt starter culture containing no L. gasseri. Four yogurt samples
(plain yogurt with L. gasseri+A. parasiticus (control), raisins yogurt
with L. gasseri+A. parasiticus, plain yogurt+A. parasiticus (control),
and raisins yogurt+A. parasiticus) were analyzed for pH, titratable
acidity, viable cells counts of L. gasseri and inhibition of A. parasiticus
growth during 1, 7, & 14 days.

The pH measurement and titratable acid (TA %)

The changes in pH during the storage of yogurt were measured
every 1, 7 and 14 days [15]. A known volume (1 ml) of yogurt was
taken out and placed in a test tube containing 1 ml dH,O. The mixture
was homogenized and the pH was measured using a digital pH meter
(Mettler-Toledo 320). The titratable acid (TA) was determined by
titration using NaOH. Samples of yogurt (1 ml) taken at the same time
for pH determination and placed in Erlenmeyer flask containing 9 ml
dH, 0O followed by the addition of three drops of 0.1% phenolphthalein
which was prepared by dissolving 1 g of phenolphthalein in 100 ml of
ethanol. NaOH (0.1 N) was titrated into the solution and the mixture
was properly mixed by swirling the flask. The titration was continued
until the color of the solution changed to slightly pink which was
stable for at least 15-20 seconds. The amount of acid produced during
fermentation was calculated as follows:

TA% = Dilution factor (10)xV NaOHx0.1 Nx0.009x100%

where V is the volume of NaOH required to neutralize the acid and
0.009 represent the weight of lactic acid (g) neutralized by 1 ml 0.1 N
NaOH.

Buffered peptone water

Buffered peptone water (20 g) was mixed with 1 L distilled water,
the mixture place in a tightly closed flask followed by autoclaved
(Panasonic, MLS- 3781-PK) at 121°C for 15 min [14]. Yogurt
samples were initially diluted serially to the desired dilution factor
using sterilized buffered peptone water and the dilutions were done
to 10°.
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Enumeration of L. gasseri using the spread count method

Diluted yogurt sample (1 ml) was transferred to the MRS agar
plate, the mixture was evenly mixed by lope [16]. Parafilm was used
for sealing the petri dishes to prevent entry of air. Thereafter, the plates
were inverted and located in the incubator (37°C) for 48 h. The viable
cell count was calculated as follows:

CFU*/ml= (Number of colonies formedxdilution of sample)/1 ml
of sample

*CFU: colony forming unit
Determination the growth rate of A. parasiticus

The growth of A. parasiticus was determined as described by
Chukwuemeka and Ibe [17]. PDA agar was prepared by mixing 39 g of
PDA powder in 1000 ml distilled water and the solution was autoclaved
at 121°C for 15 min. Sterilized PDA media was transferred into petri
dishes and the agar was allowed to solidify for 10 minutes. 1 ml of
diluted yogurt was transferred onto PDA agar surface and was spread
by the lope. The plates were placed in the incubator (28°C) for 7 days.
The growth of A. parasiticus was recorded as follow:

(=) = no growth; (+) = low growth; (++) = medium growth; (+++)
= heavy growth.

Statistical analysis

The experiments were carried out in three different batches of
yogurt (n=3) and all assays were performed in duplicate. The results
were expressed as mean + S.E.M (standard mean error). Data were
analyzed using one-way analysis of variance (ANOVA, SPSS 19.0),
followed by Duncan’s post hoc test for mean comparison. The criterion
for statistical significance was p<0.05.

Results

Post-acidification of yogurt

The changes in the pH and TA of yogurt samples were shown in
Figures 1 and 2. There were no significant differences (p>0.05) in pH
between the two groups of treatment both in the presence and absence
of L. gasseri (Figure 1). The pH of all treated samples ranged from 4.5-
4.2 during two weeks of storage. The total acidity in the two groups
of treatment was not significant (p>0.05) compared to their respective
controls (Figure 2). However, the presence of raisins decreased (p<0.05)
the total acidity in yogurt with L. gasseri+A. parasiticus (1.53%)
compared to plain yogurt with L. gasseri+A. parasiticus (1.98%) at
day 14 of storage. Prolonged refrigerated storage to 14 days increased
significantly (p<0.05) the total acidity of yogurt in all treated samples.

Viability of L. gasseri in yogurt

The viability of L. gasseri showed almost similar values (p>0.05) in
both control and treated yogurt at day 1 and 7 of refrigerated storage
(Figure 3). However, the presence of raisins had negative effects on the
viable cell numbers of L. gasseri (0.27x10°¢ cfu/ml) in yogurt compared
to control (0.39x10° cfu/ml) at day 14 of storage.

Effects of raisins and L. gasseri on the growth rate of A.
parasiticus in yogurt

The growth rate of A. parasiticus in yogurt samples both in the
presence and absence of raisins extracts and L. gasseri was shown in
Table 1. The present result showed that inclusion of raisins extracts
in yogurt with L. gasseri had no effects on inhibition of A. parasiticus
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growth compared to control. However, raisins yogurt showed higher
inhibition of growth of A. parasiticus (+) than plain yogurt (+++) at
day 14 of storage. In addition, prolonged refrigerated storage showed
a positive effect on A. parasiticus growth inhibition in raisins yogurt
(Table 1). Plain and raisins yogurt with L. gasseri showed moderate
inhibition of A. parasiticus compared to without L. gasseri at 1 and 14
days of storage.

Discussion

One of the distinguishing features of using probiotics in food
is that having an antimicrobial activity against disease-causing
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Figure 1. Changes in pH value of yogurt samples during 14 days of refrigerated storage
(4°C)
"AP=Aspergillus parasiticus, LG=Lactobacillus gasseri, RY=Raisin yogurt, PY=Plain
yogurt
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Figure 2. Changes in titratable acid (TA %) of yogurt samples during 14 days of refrigerated
storage (4°C)

"AP=Aspergillus parasiticus, LG=Lactobacillus gasseri, RY=Raisin yogurt, PY=Plain
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Figure 3. The viable cell counts of L. gasseri in yogurt during 14 days of refrigerated
storage (4°C)

"AP=Aspergillus parasiticus, LG=Lactobacillus gasseri, RY=Raisin yogurt, PY=Plain
yogurt
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Table 1. The growth rate of 4. parasiticus in yogurt samples during 14 days of refrigerated
storage (4°C)

Storage day PY+AP RY+AP PY+LG+AP RY+LG+AP
1 +++ +++ ++ ++
7 ++ ++ ++ ++
14 +++ + ++ ++

"AP=Aspergillus parasiticus, LG=Lactobacillus gasseri, RY=Raisin yogurt, PY=Plain
yogurt

organisms. This is related to a strong antagonistic activity against food-
contaminated microbes by the production of organic acids, enzymes,
and other substances [18,19]. Most fungi are sensitive to normal
secondary products produced by lactic acid bacteria metabolites [20].
LAB are generally found in various fermented foods such as dairy
products, cereals, beverages, fruit and vegetable juices [21]. It has been
traditionally applied in food as bio-preservatives which attribute to
prolonged shelf-life and advanced the safety of foods [22].

In this study, the decline of pH in yogurt during refrigerated storage
contributed to the accumulation of organic acid i.e. lactic acid produced
by yogurt starter culture as metabolic byproducts [23]. The presence of
raisins affected negatively the total acidity in yogurt with L. gasseri+A.
parasiticus compared to control at day 14 of storage. This could be
associated with the low viability of L. gasseri in yogurt (Figure 3).

Raisins have high concentrations of naturally occurring phenolic
compounds with effective antimicrobial and antioxidant activities
[12]. In contrast, the present study showed no effects of raisins on
the viability of L. gasseri as probiotics. This is in disagreement with
previous studies that showed the addition of medicinal plants affected
significantly the growth of probiotics in yogurt and other dairy products
[7,14,24-27]. The addition of raisins in yogurt inhibited the growth
of A. parasiticus at 7 & 14 days which may occur as a result of raisins
phenolic compounds with antimicrobial activity [28]. Further studies
are needed to evaluate and characterize the phenolic profiles of raisins
yogurt with antimicrobial activity. The moderate effects of plain and
raisins yogurt with L. gasseri on inhibition of A. parasiticus may refer to
some physical factors that affect antimicrobial activity of raisins such as
low pH, low water activity, and high osmolality [12]. Gamba et al. [28]
have observed that kefir-cell-free-supernatants produced antifungal
activity against A. parasiticus at pH 3.5 and concentration of 65%
v/v. Furthermore, probiotic bacteria such as Lactobacillus delbrueckii
and Lactobacillus rhamnosus showed significant effect on the growth
inhibition of A. parasiticus, morphological structure, and reducing
aflatoxin production [30].

Conclusion

Raisins had no effect on post-acidification and the viability of L.
gasseri in yogurt. In addition, L. gasseri showed antagonistic activity
against A. parasiticus. Therefore, L. gasseri in a combination with
raisins extract may have contributed to preventing A. parasiticus
contamination in yogurt. This mechanism can be applied for preventing
yogurt spoilage by A. parasiticus during storage. Moreover, further
study is needed to understand the mechanism of antifungal activity by
L. gasseri and raisins extract in yogurt and the possibility of using it as
bio-preservatives.
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