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Background and objective: Consumer interests in probiotic foods have increased in recent
decades. Food industries respond to these growing interests by developing innovative products
and guaranteeing high production efficiency. Cereals, due to their prebiotic nature, are good
fermentable substrates; from which, potentially functional foods could be achieved. The aim
of this study was to verify effects of D-glucose addition on fermentation of rice, oat and wheat
flours.

Material and methods: Suspensions of 15% of cereals flours (rice, oat and wheat) in distilled
water added with increasing glucose concentrations (2, 5, 7 and 10% w v*) were fermented by
Lactobacillus paracasei CBA L74 for 24 h. Then, pH, microbial growth and lactic acid
production were assessed.

Results and conclusion: Rice fermentation was not affected by glucose addition. For oat and
wheat, addition of D-glucose increased bacterial concentration, as well as lactic acid
production. In particular, the best growth was achieved by the addition of 2 and 5% of
glucose. Furthermore, lactic acid concentration increased with increased glucose
concentration. In conclusion, D-glucose addition seems to be unnecessary for the
improvement of rice fermentation. On the contrary, oat and wheat fermentations need further
available carbon sources for a better Lactobacillus growth and a higher lactic acid production.
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1. Introduction

Functional foods or foods with additional functions (e.g.
health-promotion and disease prevention) have become a
new challenge for the food industries. A particular class of
functional foods is represented by the probiotics.
Probiotics are defined as “live microorganisms which
when administered in adequate amounts confer a health
benefit to the host” [1]. Based on the literature, the number
of lactic fermenting bacteria necessary to temporary
colonize the intestine is at least 107 CFU g* [2]. Despite
the fact that the most well-known functional foods are
dairy products [3], nondairy products such as cereals may
contain probiotics [4-6], demostrating their functional

activities in several In vitro and In vivo experiment. Cereal
flours (rice, oat and wheat) fermented with Lactobacillus
(L.) paracasei CBA L-74 have shown abilities to decrease
gliadin peptide entrance in Caco-2 cells and promote
innate immunity peptides [7-9]. Similarly, a clinical trial
has demonstrated the ability of rice flour fermented with a
similar bacterial strain in prevention of common infectious
diseases in children [10].

The aqueous suspensions of cereal flours are good
examples of fermentable matrices since they are rich
sources of interesting nutrients such as resistant starch,
water-soluble and insoluble B-glucans and arabinoxylans.
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These nutrients can help microbial growth as prebiotics,
which can selectively stimulate growth and/or activity of a
limited number of resident bacterial species in colon and
hence improve the host health [11]. A previous study [12]
has demonstrated that fermentation of three various
water/cereal (rice, oat and wheat) suspensions with a solid
content of 15% is possible. In fact, a value considered as
sufficient for potentially functional foods was achieved at
the end of the fermentation. However, rice flour seemed
the best substrate for the microbial growth and lactic acid
production. Based on these results, a laboratory-scale
experimental study was carried out to understand if
glucose addition could improve performance of the
fermentation in microbial growth and lactic acid
production. Increase of glucose concentration from 0 to
10% w v was used in this experiment. The aim of this
study was to assess effects of lactic fermentation on cereal
flour and potential differences between different flours as
well as the potential role of D-glucose on the process.

2. Materials and methods

2.1 Bacterial strain

The bacterial strain used as starter culture was L.
paracasei CBA L74, (Heinz Italia SpA) with International
Depository Accession Number of LMG P-24778. This
strain was a Gram-positive homo-fermentative, facultative
anaerobic bacteria. The bacteria was stored in freeze-dried
form at-20°C and recovered at 37°C, 10 min before the
fermentation process, using 0.9% sodium chloride solution.
The inoculum bacterial density was 108 CFU mi.,

2.2 Rice, oat and wheat flours

Rice, oat and wheat flours were provided by Heinz Italia
SpA. Before fermentation processes, each flour was
subjected to heat treatment (120°C for 90 min) to decrease
possible microbial loads.

2.3 Laboratory-scale bioreactor for fermentation

The experimental laboratory-scale bioreactor included
four parts of a vessel, a mixing system, a system of thermal
conditioning and a system for pH and temperature
measurements. The vessel was a cylindrical Pyrex glass
with an external jacket, allowing circulation of the service
fluid. This was necessary to preserve constant temperature
of the system. The inner height and diameter respectively
included 18 and 10 cm and the external dimensions
included 21 and 12 cm, respectively. The vessel maximum
capacity was 1.5 L. The mixing system consisted of a
stainless steel impeller with a pitched blade turbine and a
Rushton turbine blade connected to a motor (a three-phase
asynchronous electric motor with 0.25 hp/0.18 kW; 1310
rpm with a speed reducer; 170-880 rpm) that allowed the
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adjustment of stirring speed. Turbines allowed the axial
and radial flows. Therefore, efficient mixing and good
homogeneity of the substrates were achieved using a
mixing speed of 180 rpm. This was demonstrated by
preliminary mixing tests with a food dye (data not shown).
Briefly, the best mixing speed (currently 180 rpm) was
considered a speed, which allowed perfect distribution of
the food dye in suspensions within 10 min. The vessel, the
mixing system and the entire mechanism are respectively
shown in Figures 1A, B and C. The service fluid used for
controlling the fermentation temperature included distilled
water (D.W.), thermally regulated using thermo-stated
bath, (HAAKE G, USA) at 37°C. A Mettler Toledo probe
was used (In Pro 3100, Mettler Toledo, USA) for the pH
and temperature measurements.

Figure 1. The vessel and the mixing system. A) The vessel was
made of Pyrex glass. It included a jacket vessel; in which, the
thermo-stated water was circulated; B) The stainless steel
impeller with two various types of turbines: a blade turbine to
achieve axial flow and a Rushton turbine to achieve radial flow;
and C) The complete equipment used for the laboratory-scale
experiments.

2.4 Laboratory-scale fermentation protocol

The fermentation protocol was originally described by
Gallo et al. [12] with the exception of added glucose.
Briefly, a submerged fermentation under aerobic
conditions was carried out in a 1.5-L fermenter with 1-L
working volume. First, fermenter and impeller were
sterilized at 121°C for 20 min using autoclave. Then, 150 g
of each flour (rice, oat or wheat flour) were treated using

Appl Food Biotechnol, Vol. 7, No. 1 (2020)




Effects of glucose on cereal flour fermentation

dry heat at 120°C for 90 min. Treated flour was mixed
with 0.850 L of sterilized D.W. with addition of increasing
glucose concentration (0, 2, 5, 7 and 10% w v of D-
glucose) (Oxoid, UK). This was subjected to a
tyndallisation process with two consecutive cycles of
heating (90°C) and cooling (37°C) to guarantee the
decrease of contaminants [12,13]. During the following
fermentation process, temperature of the substrate was
preserved at 37°C and the fermentation process was
stopped after 24 h. A similar protocol was used for the
three flours.

2.5 Analytical methods

Samples were aseptically collected from the bioreactor
at various fermentation times (to, ta, tis, too, t2s after the
inoculum phase). These samples were used for the pH
measurement and microbiological and chemical analyses.
Samples were cultured on MRS agar (Oxoid, UK) Petri
dishes after serial dilutions and incubated at 37°C for 48 h
under anaerobic conditions using special anaerobic kits
(Anaerogen Compact, Oxoid, UK). To exclude the
contaminants, samples were cultured on Petri dishes
prepared with PCA (bacteriological agar, yeast extract,
peptose peptone and D-glucose) (Oxoid, USA),
MacConkey agar (Oxoid, USA) and gelatine peptone agar
(Biolife, Italy). The pH analysis was carried out using In
Pro 3100 Probe (Mettler Toledo, USA). Lactic acid
concentration was assessed using high performance liquid
chromatography (HPLC) (Agilent Technologies 1100,
USA) equipped with a C18 Column (Agilent Zorbax C18
4.6 x 150 mm, pore size of 80 A) and a visible/UV
detector. The eluent was 0.1 M NHH,PO;, at a flow rate of
0.8 ml min! and the mobile phase was ammonium phos-
phate with pH of 2.7 with detection at 218 nm. The
analysis temperature was 30°C. Secondary acids such as
butyric, acetic and propionic acids were assessed using gas
chromatography (Agilent Technologies 6890, USA)
equipped with a capillary Poraplot Q Column (25 m x 0.32
mm). The flow rate was 200 ml min and the mobile phase
was helium gas.

2.6 Statistical analysis

Each experiment was carried out in triplicate. Statistical
analysis was carried out using GraphPad Prism Software
v.7.0a (San Diego, CA, USA). Mean and standard
deviation of the results were calculated and their
significance was assessed by Student’s t-test. Results were
reported as significant when P<0.05.
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3. Results and discussion

Although dairy foods are the most common substrates
used for probiotic production, cereal based foods offer
valuable alternatives. Therefore, three various flours (rice,
oat and wheat flours) were fermented. The L. paracasei
CBA L74 was used a fermenting culture. This strain was a
homo-fermentative bacterium, meaning that the product is
only lactic acid. To verify the success of flour
fermentation, lactic acid concentration, pH value and L.
paracasei growth were assessed.

3.1 Rice flour with increasing glucose concentration

The pH value, bacterial growth and lactic acid
production from rice flour are shown in Figure 2 and Table
1. Comparison of results between the rice fermentations
with no glucose and with 2% of glucose showed no
significant differences in pH value, microbial growth and
lactic acid production, as shown in Figures 2A, 2B and 2C,
respectively. In both conditions (with no glucose and with
2% of glucose), the statistically significant differences
were recorded at t4 (P<0.05), t12 (P<0.01) and tz (P<0.05)
regarding bacterial growth and at tis (P<0.01) and txo
(P<0.05) regarding lactic acid production. However, no
differences were recorded at the end of the process (ts pH
value of 3.42 +0.044 with no added glucose and 3.42
+0.190 with 2% of added glucose; t.4 bacterial growth of
9.5 x 108 CFU ml* +1.33 x 108 with no added glucose and
1 x 10° CFU ml* +2.57 x 108 with 2% of added glucose,
starting with an initial bacterial load of nearly 5 x 106 CFU
ml%; lactic acid production of 3100 mg It £134.55 with no
added glucose and 3200 mg It £94.79 with 2% of added
glucose). Moreover, presence of the secondary acids
(acetic, propionic and butyric acids) was assessed. No
significant quantities of these acids were detected (data not
shown), demonstrating absence of the contaminants.
Considering no differences between the fermentations with
no added glucose and that with 2% of added glucose, no
other experiments with increasing glucose concentrations
were reported as useful.

Table 1. Summary of the results from the rice fermentation
without or with 2% of added glucose

Rice
Time
0% 2%
(h)
H 0 6.32+0.14 6.04 + 0.26
P 24 3.42+0.04 3.42 +0.19
Growth 0 5.0x106 + 6.0x10°  6.0x106 + 5.5x10°
(CFUMIY) 24  95x108+1.33x108 1.0x10° + 2.57x108
Lactic Acid 0 0 0
(mg 1) 24 3100 +134.55 3200 + 94.80
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Figure 2. Analytical results from fermentation of the rice. A) The
pH values of the rice fermentation with no glucose addition and
with 2% of added glucose; B) The bacterial load (CFU mlt) of
the rice fermentation with no glucose addition and with 2% of
added glucose; and C) The lactic acid production (mg IY) during
rice fermentation with no glucose addition and with 2% of added
glucose. Each result was the mean value of a triplicate analysis,
Student t-test; *P<0.05; **P<0.01
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3.2 Oat flour with increasing glucose concentration

The pH value, bacterial growth and lactic acid
production from oat flour are shown in Figure 3 and Table
2. Comparison of results from oats with no added glucose
and with 2% of added glucose showed multiple
differences, which led to test glucose concentrations
greater than 2%. To assess effects of glucose addition (5-
10%), bacterial growth and lactic acid concentration were
assessed at to and tp4 and the values were compared with
the values of 0 and 2% of glucose. The pH results are
demonstrated in Figure 3a. All fermentations included an
initial pH of nearly 6.2.

At t, oat fermentations with 0, 2 and 5% of added
glucose reached similar pH values (0%, 4.51 +£0.11; 2%,
4,51 +0.097 and 5%, 4.56 +0.015), while fermentations
with 7 and 10% of added glucose reached a lower value
(7%, 3.84 +0.026 and 10%, 3.84 £0.067). Differences
between the fermentations with lower glucose
concentrations (0, 2 and 5%) and those with higher glucose
concentrations (7 and 10%) were statistically significant
(P<0.001) (Figure 3B).

Results of the microbial growth are shown in Figure
3C. Significant differences were seen at to4 between the no
added glucose condition and all other conditions (0%, 2.00
x 108 CFU ml? +£3.79 x 107; 2%, 5.47 x 10° CFU ml*!
+5.86 x 108; 5%, 8.1 x 10° CFU ml™* +4.36 x 108%; 7%, 1.29
x 10° CFU ml! +4.52 x 108 and 10%, 1.53 x 10° CFU ml*
6.2 x 10%). Statistically significant differences were
reported for all the results, except for the difference
between the fermentations with 7 and 10% of glucose
(Figure 3D). Interestingly, a higher bacterial load was
reached at t,» by adding 5% of glucose. For the
concentrations of glucose greater than 5%, the final
bacterial load decreased significantly. However, this load
was still higher than that observed when no glucose was
added. Therefore, oat fermentation possibly needs addition
of glucose. However, glucose concentrations greater than
5% result in substrate inhibition, at least when bacterial
growth is concerned. Results of the lactic acid production
are shown in Figure 3E. As the glucose concentration
increased; lactic acid production increased with
statistically significant differences (Figure 3F). Starting all
conditions with the absence at to of lactic acid, they reached
tz4 2000 mg It +£94.98 when no glucose was added and
3300 mg It £132.64, 3850 mg It +147.42, 4500 mg I*
+196.22 and 5800 mg It £314.22 when 2, 5, 7 and 10% of
glucose were respectively added. This could explain the
lowest pH levels observed at tx, when 7 and 10% of
glucose were added to the oat. In this study, presence of
the secondary acids (acetic, propionic and butyric acids)
was assessed. No significant quantities of these acids were
seen (data not shown), proving absence of the
contaminants.
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Figure 3. Analytical results of the fermentation of oat flour with increasing added glucose concentration. A) The pH values of the oat
fermentation with 0, 2 (to, ta, t14, to0, t24), 5, 7 and 10% (to, t24); B) Statistical results by the comparison between t24 pH values of the glucose
concentrations; C) Bacterial load (to) and growth of the oat flour fermented with 0, 2 (to, t4, t1s, t2o, t24), 5, 7 and 10% (to, t24) of glucose; D)
Statistical results by the comparison of t24 bacterial load achieved using each glucose concentration with t24 bacterial load achieved using
other glucose concentrations; E) Lactic acid production (mg I) in the oat flour fermented with 0, 2 (to, ta, tis, too, t24), 5, 7 and 10% (to, t24)
of glucose; and F) Statistical results by the comparison of tz4 lactic acid produced using each glucose concentration with tz4 lactic acid

produced using other glucose concentrations. To make a statistically significant experimental campaign, each experiment was carried out in
triplicate, Student t-test; *p< 0.05; **P<0.01; ***P<0.001
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Table 2. Summary of the results from the oat fermentation with increasing glucose addition

Oat
Time
0% 2% 5% 7% 10%

(h)

0 6.20 £ 0.04 6.19 +£0.025 6.20 £ 0.021 6.20 +0.036 6.20 £ 0.032
pH 24 451+0.11 4,51 +0.097 4.56 +0.015 3.84 +£0.026 3.84 +0.067

0 3.0x106 +£ 7.4x10° 5.0x10%+3.8x10° 5.0x106+3.6x10° 5.0x10%+3.1x10°  5.0x10% + 3.2x10°
Growth (CFUmI?) 24 2.0x108 +3.8x107 5.5x10°+5.86x108 8.1x10°+4.4x108  1.3x10°+4.5x108  1.5x10°+ 6.2x108

o 0 0 0 0 0 0

Lactic Acid (mg I')

24 2000 +94.98 3300 + 132.64 3850 + 147.42 4500 + 196.22 5800 + 314.22

Differences with no statistical significance were The pH values, bacterial growth and lactic acid

recorded when glucose was added (Figure 4D), verifying
the use of glucose for a better microbial growth in wheat
fermentation. No statistically significant differences were
seen between 7 and 10% of added glucose. Similar to oat, a
higher tos bacterial load was reached by adding 5% of
glucose. For glucose concentrations greater than 5%, the
final bacterial load significantly decreased. The lactic acid
production results are shown in Figure 4E. The initial
lactic acid concentration was 0 mg I, At t,4, production of
2300 mg It +174.51 was achieved when no glucose added
and 3500 mg It +116.66, 5850 mg It +94.18, 5860 mg L*
+32.88 and 8000 mg I* +133.69 when 2, 5, 7 and 10% of
glucose were used, respectively. As glucose concentration
increased, lactic acid production increased with statistically
significant differences between the increasing concent-
rations, except between fermentations with 5 and 7% of
glucose (Figure 4F). Presence of the secondary acids
(acetic, propionic and butyric acids) was assessed. No
significant quantities of these acids were seen (data not
shown), demonstrating absence of the contaminants.

3.3 Wheat flour with increasing glucose concentration

production with wheat flour are shown in Figure 4 and
Table 3. Comparison of results from wheat with no added
glucose and with 2% of added glucose showed several
differences, which led to test concentrations of glucose
greater than 2%. To assess effects of glucose addition (5-
10%), bacterial growth and lactic acid concentration were
assessed at to and t4. These values were compared to those
with 0 and 2% of glucose. The pH results are shown in
Figure 4A. For all conditions, pH value at t, included
nearly 6.2. Furthermore, significant differences were seen
at to4 between the fermentation with no glucose addition
and all other conditions (pH values at ts included 4.1 +0.1
for 0%; 3.26 +0.27 for 2%; 3.3 +£0.27 for 5%; 3.20 £0.21
for 7% and 3.5 +0.2 for 10% of the added glucose) (Figure
4B).

Results of the microbial growth are demonstrated in
Figure 4C. In general, the bacterial load for all conditions 5
x 105 CFU ml?. The bacterial load at tp4 included 3 x 108
CFU mlt £4.58 x 107 when no glucose was added and 4.5
x 10° CFU ml?! +£4.36 x 108 for 2%, 8 x 10° CFU ml?
+4.51 x 108 for 5%, 2 x 10° +3.22 x 108 for 7% and 1.53 x
10° CFU ml? +5.13 x 10% for 10% of added glucose,
respectively.

Table 3. Summary of the results from the wheat fermentation with increasing glucose addition

Wheat
Time (h) 0% 2% 5% 7% 10%

pH 0 6.0+0.10 6.0+0.10 6.2 +0.07 6.2 +0.08 6.2 +0.05

24 4.10+0.10 3.26 +£0.27 3.3+0.27 3.20+0.21 35+0.2
Growth 0 6.0x10% £ 9.3x10°  4.4x10° + 4.1x10° 5.1x10%+6.6x10° 5.1x10%£1.0x106  5.1x106+6.7x10°
(CFUmI'hy 24 3.0x108 +4.6x107  4.5x10° + 4.4x108 8.0x10%+4.5x108 2.0x10° +3.2x108  1.5x10° +5.1x108
Lactic Acid 0 0 0 0 0 0
(mg I'Y 24 2300 +174.51 3500 + 116.66 5850 + 94.18 5860 + 32.88 8000 + 133.69
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using each glucose concentration with t24 bacterial load achieved using other glucose concentrations; E) Lactic acid production (mg I') of
the wheat flour fermented with 0, 2 (to, ts, tia, too, t24), 5, 7 and 10% (to, t24) of glucose; and F) Statistical results by the comparison of tz4
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was carried out in triplicate, Student t-test; *P<0.05; **P<0.01; ***P<0.001
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3.4 Comparison between rice, oat and wheat fermenta-
tions with increasing glucose concentration

Comparison of the results from experiments with no
glucose addition to rice, oat and wheat flours with the
results from the addition of 2% w v of glucose showed an
improved process for the oat and wheat flours but not for
the rice. Therefore, experiments continued on oat and
wheat flours, investigating increased concentration of D-
glucose (5, 7 and 10%). In this preliminary study, only two
sampling times of to and taswere used. By the addition of
2% of D-glucose, Lactobacillus growth on the oat and
wheat flours was a log higher, compared to that with no
glucose addition. This was not observed at the end of the
rice flour fermentation. The lack of bacterial growth
promotion could be due to several factors. First, rice starch
granules include the smallest size [14,15] and, as suggested
by Bhatty and Vasanthan [16], small granules are
hydrolyzed more rapidly than large granules by a-amylase,
which could make rice starch more accessible than oat and
wheat starch to hydrolysis. Second, high amylose starches
are particularly resistant to hydrolysis [17] and rice seems
to include a smaller amylose content (nearly 21-25% w w
on a total starch dry basis) [18] than that oat (nearly 27.5-
29.8% w w on a total starch dry basis) [19] and wheat
(nearly 25.6% w w on total starch dry basis) [18] do.
These data of granule size and amylose content could
explain easier hydrolysis of the rice starch. Another factor
that facilitates greater accessibility of the rice starch could
be linked to its crystalline type. The rice starch is
composed of an A structure, while oat and wheat starches
are composed of two A and B types of the crystal
structures. It has been reported [16,20] that type B starches
resist enzymatic hydrolysis, compared to that type A
starches do. This could explain why no differences were
seen with or without glucose addition at the end of the rice
fermentation in the current study. In contrast, the higher
difficulty in hydrolyzing oat and wheat granules was
possibly linked to D-glucose. For the lactic acid production
at the end of the fermentations with no glucose addition,
the highest concentration was reported in rice flour (3100
mg 1), while significantly lower concentrations were
reported in oat (2000 mg I) and wheat (2300 mg I?)
flours. By the addition of 2% w v of D-glucose, results
changed drastically since lactic acid production increased
to 3300 mg I** for oat and to 3500 mg I for wheat flours.
However, no similar results were seen in the rice flour
(3200 mg IY). This was possibly due to the growth of
Lactobacillus. Assessing effects of increased glucose
concentration of D-glucose (0-10%) on oat and wheat
flours demonstrated improved bacterial growth. within a
certain threshold for oat and wheat flours, the greatest
growth was achieved with the addition of 2 and 5% of
glucose. However, addition of higher quantities resulted in
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substrate inhibition. For lactic acid production in oat and
wheat flours, increases in the added glucose increased the
lactic acid production. It is well-known that glucose is the
major substrate to improve lactic fermentation. The
unusual finding based on the present study is the improved
process in terms of pH value, bacterial growth and lactic
acid production in wheat and oat flours with various
glucose concentrations. Calderon [21,22] carried out a
similar study, using potato starch alone and potato starch
with glucose. He reported increased bacterial growth of L.
fermentum Ogi E1 and doubled lactic acid production
when glucose was added to the starch, as reported from the
present study on oat and wheat flours.

4. Conclusion

In the current study, lactic fermentation of cereal flours
was possible but results were different in terms of strain
growth and lactic acid production. To achieve the best
results for oat and wheat fermentations, it is preferable to
add D-glucose to the flour. Furthermore, the sugar
concentration depends on the target; therefore, using a
maximum concentration of 5% D-glucose is favorable for
a better bacterial growth while a glucose concentration
higher than 5% can be used for a higher lactic acid
production. However, rice fermentation does not need this
sugar additive.

Contributions: Roberto Nigro and Marianna Gallo
designed the research; Rosa Colucci Cante, Federica
Nigro, Francesca Passannanti, Dana Salameh, Paola
Schiattarella and Concetta Schioppa carried out the
research; Andrea Budelli provided the raw materials and
Lactobacillus paracasei CBA L74; Marianna Gallo and
Francesca Passannanti wrote the paper and have the
primary responsibility for the final content. All authors
have read and approved the final manuscript.

5. Acknowledgements

Dr. Andrea Budelli is currently employed by Heinz BV,
Netherlands. He provided the raw materials (rice, oat and
wheat flours) and Lactobacillus paracasei CBA L74 and
participated in design of the study. He had no additional
role in data collection and analysis, decision to publish or
preparation of the manuscript. Heinz BV did not provide
any financial supports to the authors for experimental
activities and did not have additional roles in study design,
data collection and analysis, decision to publish or
preparation of the manuscript.

6. Conflict of interest

The authors declare no conflict of interest.

Appl Food Biotechnol, Vol. 7, No. 1 (2020)




Effects of glucose on cereal flour fermentation

References

1.

10.

Appl Food Biotechnol, Vol. 7, No. 1 (2020)

Health, food and agricultural organization of the United
Nations and world. Health and nutritional properties of
probiotics in food including powder milk with live lactic acid
bacteria. World Health Organization, 2001.

International dairy federation. Standards for fermented milks.
1997: D-Doc 316.

Leatherhead food international. The international market for
functional foods, 3rd edition. Functional food market report,
2006.

Lamsal BP, Faubion JM. The beneficial use of cereal and
cereal components in probiotic foods. Food Rev Int. 2009;
25(2): 103-114.

doi: 10.1080/87559120802682573

Granato D, Branco GF, Nazzaro F, Cruz AG, Faria JAF.
Functional foods and nondairy probiotic food development:
Trends, concepts, and products. Compr Rev Food Sci Food
Saf. 2010: 9:292-302.

doi: 10.1111/j.1541-4337.2010.00110

Prado FC, Parada JL, Pandey A, Soccol CR. Trends in non-
dairy probiotic beverages Food Res Int. 2008: 41:111-123.
doi: 10.1007/s13197-015-1795-2

Sarno M, Lania G, Cuomo M, Nigro F, Passannanti F,
Budelli A, Fasano F, Troncone R, Auricchio S, Barone MV,
Nigro R, Nanayakkara M. Lactobacillus paracasei CBA L74
interferes with gliadin peptides entrance in Caco-2 cells. Int J
Food Sci Nutr. 2014; 65(8): 953-959.
doi: 10.3109/09637486.2014.940283.

Gallo M, Nigro F, Passannanti F, Nanayakkara M, Lania G,
Parisi F, Salameh D, Budelli A, Barone MV, Nigro R. Effect
of pH control during rice fermentation in preventing a gliadin
p31-43 entrance in epithelial cells. Int J Food Sci Nutr. 2019 ;
10: 1-9.

doi: 10.1080/09637486.2019.1599827.

Paparo L, Aitoro R, Nocerino R, Maddalena Y, Caprio S,
Amato F, Pezzella V, Cosenza L, Budelli A, Fasano F, Di
Scala C, Berni Canani R. Effects of direct interaction between
fermented milk and rice novel dietary products with human
enterocytes on cell growth and innate immunity peptides
production. Dig Liver Dis. 2014; 46: e97.

doi: 10.1016/j.d1d.2014.07.085

Nocerino R, Paparo L, Terrin G, Pezzella VV, Amoroso A,
Cosenza L, Cecere G, De Marco G, Micillo M, Albano F,
Nugnes R, Ferri P, Ciccarelli G, Giaccio G, Spadaro R,
Maddalena Y, Berni Canani F, Berni Canani R. Cow's milk
and rice fermented with Lactobacillus paracasei CBA L74
prevent infectious diseases in children: A randomized
controlled trial. Clin Nutr. 2017; 36(1): 118-125

doi: 10.1016/j.cInu.2015.12.004

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Gibson GR, Roberfroid MB. Dietary modulation of the
human colonic microbiota: Introducing the concept of
prebiotics. J Nutr. 1995: 125(6): 140-1412.

doi: 10.1093/jn/125.6.1401

Gallo M, Nigro F, Passannanti F, Salameh D, Schiattarella P,
Budelli A, Nigro R. Lactic fermentation of cereal flour:
feasibility tests on rice, oat and wheat. Appl Food Biotechnol.
2019, 6 (3): 165-172.

doi: 10.22037/afb.v4i3.15014

Gallo M, Nigro F, Passannanti F, Salameh D, Budelli A,
Marzocchella A, Nigro R. rice fermentation by Lactobacillus
paracasei CBA L74. Int J Rice Res. 2018; 103.

doi: 10.29011/1JRR-103. 000003

Tester RF, Qi X, Karkalas J. Hydrolysis of native starches
with amylases. Anim Feed SciTechnol. 2006; 130: 39-54.
doi: 10.1016/j.anifeedsci.2006.01.016

Aller E, Abete I, Astrup A, Martinez JA, van Baak MA.
Starches, sugars and obesity. Nutrients 2011; 3: 341-369.
doi: 10.3390/nu3030341

Bhatty T, Vasanthan RS. Physicochemical properties of
small-and large-granule starches of waxy, regular and high-
amylose barleys. Cereal Chem. 1996: 73: 199-207.

doi: 10.1016/S0008-6215(00)00292-5

Gallant D, Bouchet B, Buleon A, Perez S. Physical
characteristics of starch granules and susceptibility to
enzymatic degradation. Eur J Clin Nutr. 1992: 46: S3-S16.

Alcazar-Alay SC, Almeida Meireles MA. Physicochemical
properties, modifications and applications of starches from
different botanical sources. Food Sci Technol Campinas.
2015: 35(2): 215-236.

doi: 10.1590/1678-457X.6749

Tester RF, Karkalas J. Swelling and gelatinization of oat
starches. Cereal Chem. 1996; 73(2): 271-277.

Gerard C, Colonna P, Buleon A, Planchot V. Amylolysis of
maize mutant starches. J Sci Food Agric. 2001; 81: 1281-
1287.

doi: 10.1002/jsfa.929

Calderon M, Loiseau G, Rodriguez R, Guyot JP. Study of
starch fermentation at low pH by Lactobacillus fermentum
Ogi E1 reveals uncoupling between growth and a-amylase
production at ph 4.0. Int J Food Microbiol. 2003; 80(1):77-
87.

doi: 10.1016/S0168-1605(02)00140-X

Calderon M, Loiseau G, Guyot JP. Fermentation by
Lactobacillus fermentum Ogi E1 of different combinations of
carbohydrates occurring naturally in cereals: consequences on
growth energetics and a-amylase production. Int J Food
Microbiol. 2003; 80 161-169.

doi: 10.1016/S0168-1605(02)00147-2

29



https://doi.org/10.1080/87559120802682573
https://doi.org/10.1111/j.1541-4337.2010.00110
https://doi.org/10.1007/s13197-015-1795-2
https://doi.org/10.1016/j.dld.2014.07.085
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.29011/IJRR-103.%20000003
https://doi.org/10.1016/j.anifeedsci.2006.01.016
https://dx.doi.org/10.3390%2Fnu3030341
https://doi.org/10.1016/S0008-6215(00)00292-5
http://dx.doi.org/10.1590/1678-457X.6749
https://doi.org/10.1002/jsfa.929
https://doi.org/10.1016/S0168-1605(02)00140-X
https://doi.org/10.1016/S0168-1605(02)00147-2

= 000
= 0000
20000
<< 000
Food @@
Biotechnology

Research Article
APPLIED FOOD BIOTECHNOLOGY, 2020, 7 (1): 21-30 pISSN: 2345-5357
Journal homepage: www.journals.sbmu.ac.ir/afb eISSN: 2423-4214

PSS g ywgd 92 g0y ST SuSY pos oK 35 9l5 09380 il S

19555 9529y ¢ (Il 1T Tl gns it TVl Yosl MVl Bls g 305 15,08 M als oIS 15, ¢ slololy a3 579 IS UL Lo

LI LA YE A 55 sk DICMAPLI 655,08 LG olEedls -1
Wl i, V88 X o 51 515 (395 Guyb 5l amigs 05,5 esilolS 855 o, olStils -
FE AT FA Ll 5o il @b 5l Tl o & ST T

adde ((Kams £0YF 14 NieuweDukenburgseweg . .ie <5 5,905 55,0 -F

Ao 4y 6
YR el 0 cdl s
YR s 1) sl

VeV pale Ve hpdy

S ity
e aj .
S5

Dl pslaslsisyY ™
CBA L74

b eyt

J g ot gi*

RIEITIEN

3 oKisls 9 1 51:).;5 Jal_v oKisle
e LS s

AU AVYEADAFY :jals
AU AN OATFATF L

1Sy Sl ey
marianna.gallo@unina.it

° 3

L ol mlo calanl molidl o3 gle ans o \boan; 5138 slge EaS (b yne addle RV 9 dilw
Cle s DLE aias o gl 00l Azt cpl a4 s YU ()90 00 eedS 5 dilygles sl 00518 0yl
Tatesgal olie oly o o dg Kal a5 cardl o (comlio ozt BB lo wload, ts b ) SaS Conls

D52 pAS g jwgd 5> Uy 6los)] e 1 S el8-0 10958 &l 31 ol anlllas 'yl o .8 ,ls 0939 ]

cale (il 8l Uy haie Of 50 (08 g pwgs 92 ) e 0,1 (g0uo )0 VO ygamiliwges S Vg 5 g S1g0
Do 035 CBA L74 5070 LuslowlaSY L by celos YE Soe a0 ((cozx (3 1+ 9 V b oY) 56I5

D gy sl SESY 0 e 5 (029,500 08, PH (s

S50 3538 puiS 5 puugd 52 25500 Al a3 ST 35381 b Lo i as 35 T AR g ABL
SIS ooy 10 5 ¥ g3l b oy ey mga 4 0l il |, SSaSY alss 5 g oS il
Sy oo b A e o 8l i8] SIS cdale 58l b ol SSY cdale ol s edle el s
P 0y Sl pAS g juagd 92 yeedt (blle )3 adl 4RI (55958 g8 eSS Sga ST SIS0 (0938

Al (oo St 25 @lie 4 (o twd el el SISV iy oo g makenltSY

25,05 allis ol LAl b Lo e oxdlie 5,la5 g98 et 45 AiiS o el i o s @O0 0 ya

1 Probiotic foods
2 Prebiotic

3 Substrate

4 Functional foods



