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A B S T R A C T   

This work aimed to reuse bread flour from discarded bread as a substrate for the growth of probiotic lactic acid 
bacteria (LAB) and Bifidobacterium. Commercial starters were used to ferment beverages based on bread waste 
flour and water, with and without enzymes (α-amylase and β-glucoamylase) and with and without a desalting 
treatment. All the fermentations were carried out at 38 ◦C during 24 h. Microbial counts, pH and titratable 
acidity (TA) were determined at 0, 3, 6, 9 and 24 h and carbohydrates content at 0, 9 and 24 h. The pH, TA and 
water holding capacity (WHC) were also analysed at 15 and 21 days during the storage of the beverages. Both 
starters showed good growth during the first 9 h although Nu-trish® BY showed a slight decrease until the end of 
the fermentation. All the beverages reached pH levels lower than 4.1 after 24 h. Samples treated with enzymes 
achieved faster a higher acidity and a lower WHC. In general, salted samples showed higher maximum rates of 
growth (μmax) and maximum rates of pH reduction (Vmax pH red) and acidification (Vmax acid), as well as lower 
pH and WHC and higher TA, in all the studied analyses.   

1. Introduction 

Food waste and reuse are included in 12.3 of the United Nations 
Sustainable Development Goals (United Nations, 2015). According to 
Ishangulyyev et al. (2019), approximately one-third of all food produced 
for human consumption in the world is lost or wasted causing one of the 
most serious environmental, social and economic issues. Bread and 
bakery products are among the most discarded food in the world (FAO, 
2013). 

The European Commission (2008) recommends using all waste 
suitable for human consumption and reintroducing it into the food 
chain. However, few alternatives have been developed to retain or 
recycle bread waste for use in human food. Currently, the most frequent 
solution is starch hydrolysis and fermentation due to the high content of 
this carbohydrate in breads (Melikoglu & Webb, 2013). 

Fermentation is one of the oldest, simplest and most economical 
methods for producing and preserving food and beverages, as well as for 
improving the nutritional, sensory and shelf-life properties of the 
products (Petrova & Petrov, 2020). In addition, fermentation provides a 
natural way to reduce the volume of the material to be transported, 
eliminate undesirable components and reduce the energy required for 

cooking to make a safer product with minimal quality loss (Blandino 
et al., 2003). 

Cereals have been used for fermented beverages production due to 
their composition since they are essential sources of carbohydrates and 
their widespread cultivation worldwide (Tsafrakidou et al., 2020). 
Recent studies have shown that cereals are good substrates for the 
development of functional beverages with enhanced nutritional prop-
erties, based on their fermentation by LAB (Angelov et al., 2018; Chavan 
et al., 2018). Only some LAB can ferment complex carbohydrates, such 
as starch, the main component in bread (Adessi et al., 2018). Never-
theless, the addition of amylolytic enzymes, such as α-amylase and 
glucoamylase, can help the fermentation process, because they break the 
starch into dextrins, oligosaccharides and glucose, increasing the 
availability of fermentable carbohydrates (Luana et al., 2014). Besides, 
cereal-based beverages are an excellent alternative to dairy-based drinks 
because these contain cholesterol as well as lactose and milk proteins 
that can cause intolerance and allergy, respectively (Chavan et al., 2018; 
Granato et al., 2010). The increase in vegetarianism around the world is 
also an opportunity for cereal-based drinks. 

Probiotic bacteria like Lacticaseibacillus and Bifidobacterium have 
been used to produce functional foods. Probiotics are microorganisms 
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that, administered in adequate amounts, confer a health benefit to the 
host. 

A wide variety of plant-based functional drinks has been developed 
using LAB and probiotics. Various researchers have proposed the use of 
starchy matrices such as cereals, pseudocereals and legumes (Angelov 
et al., 2018; Aparicio-García et al., 2021; Chavan et al., 2018; Luana 
et al., 2014) Only a few have considered cereal industry byproducts to 
develop new probiotic drinks (Verni et al., 2019). Recently, a review of 
the use of surplus bread as food ingredient was published (Gómez & 
Martinez, 2023). Moreover, Nguyen et al. (2022) used surplus bread to 
develop a probiotic beverage using Lacticaseibacillus rhamnosus GG 
(LGG) and Saccharomyces cerevisiae and Massa et al. (2022) discarded 
buckwheat bread to create sustainable non-alcoholic drinks. 

However, to date, these authors have not examined the use of other 
probiotic bacteria or amylolytic enzymes or the effect of desalting in the 
development of fermented beverages from bread waste. 

This work aimed to develop a new probiotic cereal-based beverage 
by reusing bread flour from discarded bread as a substrate for the growth 
of probiotic LAB and Bifidobacterium, with or without an enzymatic 
addition, and with and without a previous desalting treatment. The pH, 
titratable acidity (TA), water holding capacity (WHC) and carbohy-
drates were analysed in each beverage. Moreover, microbial growth was 
also studied to see the effect of each treatment on the growth and 

acidification kinetics of the bacteria. 

2. Materials and methods 

2.1. Materials 

2.1.1. Bread flour 
Discarded wheat bread loaves were purchased from the local bakery 

La Tahona de Sahagún (Sahagún, Spain) to produce bread flour. The 
bread was dried at room temperature for three days and ground in an LM 
3100 hammer mill (Perten Instruments, Huddinge, Sweden) with a sieve 
of 1 mm (see Table S1). Each bread weighted ~250 g and its formulation 
(per 100 g of wheat flour) was 1.8% salt, 4% fresh yeast and 55% water. 

2.1.2. Microorganisms 
The commercial probiotic cultures Nu-trish® LGG® (starter LGG) 

and Nu-trish® BY-01 DA (starter BY) were kindly donated by CHR 
Hansen (Hørsholm, Denmark). LGG (L. rhamnosus) was kept at − 20 ◦C 
and BY (Bifidobacterium, Lactobacillus delbrueckii subsp. bulgaricus and 
Streptococcus thermophilus) was stored at − 80 ◦C until use, according to 
the manufacturer’s instructions. Dilutions of each starter were made in 
peptone water 0.01% (p/v) (WWR BDH Chemicals, Wayne, USA) with 
0.08% of NaCl (Panreac ITW Companies, Barcelona, Spain) to reach a 

Fig. 1. Process for making fermented beverages from bread waste flour.  
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107 CFU/g cell density in the product before fermentation. 

2.1.3. Enzymes 
The starch hydrolysis was conducted by adding α-amylase (Liquo-

flow® Yield, Novozyme JSC, Bagsværd, Denmark) and β-glucoamylase 
(Saczyme® Go, Novozyme JSC) at the same time. The amount of enzyme 
added was the maximum recommended by the manufacturer. 

2.1.4. Fermentation procedure and storage 
Fig. 1 shows the whole process. Bread flour was mixed with a final 

volume of 900 mL sterile water (20% w/v) for 5 min and then pas-
teurised in a water bath at 70 ◦C for 5 min. Then, the mixture was cooled 
in a cold-water bath until 37 ◦C was reached (approximately 10 min). 
Two samples were processed without desalting and in the other two the 
salt was removed. 

For the desalting process, after shaking it for 2 min, the mixture 
(flour bread-water) was centrifuged for 5 min at 5000 rpm in a centri-
fuge (Beckman Coulter J2-HS, Pasadena, California). The supernatant 
was discarded, and the pellet was rehydrated again with sterile water 
until the initial volume was reached. 

Once the desalted and non-desalted blends were prepared, 0.0179 
mL/100 g flour of α-amylase (0.021%) and 0.029 mL/100 g flour of 
β-glucoamylase (0.033%) were added to half of them immediately 
before incubation and shaken for 1 min; control samples were kept 
without enzymes. Then, the mixture was inoculated with approximately 
107 CFU/g of each starter per essay, shaken for 1 min and incubated at 
38 ± 2 ◦C for 24 h in a water bath. The fermentation was carried out in 
1L glass bottles (180 g of flour + 720 mL of sterile water). 

Samples for microbial counts, pH and TA determination were taken 
at times 0, 3, 6, 9 and 24 h, while carbohydrates analysis samples were 
taken at times 0, 9 and 24 h. Finally, WHC was done just at the end of the 
fermentation (24 h). The pH, acidity and WHC were also measured after 
15 and 21 days of storage at 4 ◦C. 

2.2. Microbiological determination 

Ten g-samples were taken according to above mentioned times with 
a sterile pipette, mixed with 90 mL of peptone water (peptone 0.01%, 
NaCl 0.85%) (WWR BDH Chemicals, Wayne, USA) in a 100-mL flask and 
shaken for 2 min. After that, decimal serial dilutions were made in sterile 
peptone water. 

Starter LGG was grown in MRS Agar (Agar Man, Rogosa and Sharpe, 
VWR BDH, Chemicals, Radnor, USA) using the drop method (Cal--
Sabater et al., 2019) in triplicate in drops of 10 μL. The plates were 
incubated at 37 ◦C for 48 h in a bacteriological oven (Giralt S.A, Bar-
celona, Spain). 

Each bacterium of starter BY was grown in different conditions. 
Bifidobacterium was grown in MRS Agar containing 25 ppm of mupirocin 
lithium (European Pharmacopeia Reference Standard) and 500 ppm of L- 
cysteine hydrochloride (Merck, Darmstadt, Germany). Plates with 1 mL 
of the appropriated dilutions were incubated under anaerobic condi-
tions using an Oxoid AnaeroGen 3.5 L sachet (Thermo Scientific, Mas-
sachusetts, USA) and an anaerobic jar (Oxoid) for 72 h at 37 ◦C. 
S. thermophilus were counted onto M17 agar plates (Oxoid CM0785) 
supplemented with 10% lactose monohydrate (Merck, Darmstadt, Ger-
many). Three drops of 10 μL from appropriate serial dilution were 
placed in the plates following the drop method and incubated for 24 h at 
37 ◦C. Finally, L. delbrueckii subsp. bulgaricus were counted in MRS Agar 
covered with a double layer after the inoculation of 1 mL of the 
appropriate dilution and incubated at 42 ◦C for 48 h. 

2.3. pH and acidity determination 

pH was measured by using a BASIC 20 pH-meter (Crison, Barcelona, 
Spain). TA was determined by titrating 10 g of the sample previously 
homogenised with 10 mL of distilled water with 0.1 M NaOH (WWR 

BDH Chemicals, Wayne, USA) using phenolphthalein (Alfa Aesar, Mas-
sachusetts, USA) as an indicator. Both parameters were measured in 
duplicate. The acidity or TA was expressed as % (g/100 mL) acidity 
using this formula: 

% Acidity=
NaOH (mL)x N de NaOH (0.1M) x Meq lactid acid (0.090)

Sample weight (g)
x100  

2.4. WHC 

Fifteen g of each sample (W0) was weighed in a 50 mL-falcon tube 
and was centrifuged in a Sorvall ST 16R centrifuge (Thermo Scientific, 
Massachusetts, USA) for 15 min at 5706 rpm. The residue (W1) was 
taken into account to calculate the water retention of each beverage 
after fermentation. The test was calculated as follows: 

WHC (%)=

(
W1

W0

)

X 100  

2.5. Analysis of carbohydrates by HPAEC-PAD method 

Glucose, fructose, isomaltose, maltose and maltotriose were analysed 
in duplicate and were quantified based on areas to assess the changes in 
carbohydrate composition during fermentation. These carbohydrates 
were extracted according to the Pico et al. (2015) method with slight 
modifications. Briefly, 2.5 g of each sample was weighed in a 50 
mL-falcon tube, and 15 ml of distilled water and 2 mL of Carrez II (po-
tassium hexacyanoferrate II, Sigma Aldrich, Missouri, USA) were added. 
The falcon tube was shaken for 1 min at 1000 rpm using Mini-shaker 
(IKA Model-S2 Staufen, Germany) and centrifuged (Beckman Model 
J2-21) at 12,000 rpm for 20 min at 20 ◦C. Then, the supernatant was 
transferred to a 50 mL flask. Afterwards, 15 mL of water was added to 
the residue obtained in the previous centrifugation and the sample was 
shaken and centrifuged as explained above. The supernatant of the 
second extraction was mixed with the first one and the flask was filled to 
50 mL with distilled water, and frozen until analysed. A suitable aliquot 
was filtered with a 0.45 μm pore nylon membrane and used for the 
chromatography analysis. 

HPAEC-PAD analyses were carried out on a Metrohm system (Met-
rohm, Herisau, Switzerland). All the instruments used in this study have 
similar characteristics to those used by Pico et al. (2015). 

Before the HPAEC-PAD analysis of glucose, it was necessary to 
perform a dilution 1:20 of the samples obtained after 9 h of fermenta-
tion. The eluent A gradient program was also modified: time 0 at 97% 
(50 mM NaOH) and then a linear decrease to 85% in 15 min; these 
characteristics were maintained for 10 min, followed by an increase to 
the initial conditions (97%) with a linear increase from 25 min to 30 min 
to finish the run time. The detection limits were: glucose, 13.939; 
fructose, 0.686; isomaltose, 0.422; maltose, 1.447 and maltotriose, 
0.136 (mg/L). These analyses were carried out at the Laboratory of 
instrumental techniques (LTI) of the University of Valladolid. 

2.6. Statistical analysis 

Counts were expressed as the logarithm of unit-formed colonies (Log- 
CFU). Total BY Log CFU counts was the sum of three microorganisms 
counts. The DMFit web edition (Institute of Food Research, Norwich, 
UK; Baranyi & Roberts, 1994) was used to model the curves and 
calculate the growth parameters from the microbial kinetics. 
L. rhamnosus growth kinetics were modelled from the beginning to the 
end of the fermentation (24 h). Starter BY growth kinetics curves were 
done after 9 h of fermentation. The data obtained at 24 h did not allow 
modelling to grow since there was a growth decrease in all samples. All 
data presented are mean values of replicates obtained from two inde-
pendent fermentations. 

The maximum rates of pH reduction (Vmax pH red) and acidification 

T. Sigüenza-Andrés et al.                                                                                                                                                                                                                      



LWT 182 (2023) 114795

4

(Vmax acid), as well as the remaining acidification kinetics parameters 
were calculated according to Caro et al. (1999). Analysis of variance 
(ANOVA) for the other experiments was done using the STATGRAPHICS 
Centurion XV (StatPoint Technologies, Inc., Warrenton, VA). Values of p 
< 0.05 were considered statistically significant. 

3. Results and discussions 

3.1. Microbial growth 

Growth kinetics parameters obtained from two starters with and 
without enzymes and salt or without salt are shown in Table 1. The 
maximum rate of growth (μmax) was significantly higher for starter BY 
with enzymes than for starter LGG with enzymes. Focusing on BY, sig-
nificant differences were only observed between BY NE S and BY E DS. 
Moreover, the starter BY had a rapid growth up to 9 h and then it slowed 
down its growth, reaching the stationary and death phase at 24 h 
specially in non-enzymes and desalted samples (see Table 1). 

The lowest rate was reached by LGG, and no significant effect of any 
treatment on the growth rate of LGG was observed. However, an 
increasing trend was observed in the enzymatic treatment. 

According to the maximum population (growth T9-T0), none of the 
treatments significantly affected the starter LGG, whereas, in the starter 
BY, a positive effect of salt was evidenced, reaching a maximum popu-
lation of 3 log CFU/g. The highest net increase (growth T24-T0) was 

reached by LGG E DS, LGG NE S and BY NE S samples with no significant 
differences. The growth of BY samples at 24 h was lower than the growth 
at 9 h, particularly in desalted samples whose growth was negative 
(Tables S2–S3). This fact indicates that this starter reached the station-
ary phase before 9 h and the death phase between 9 and 24 h. On the 
contrary, starter LGG continued growing until the end of the fermen-
tation. Interestingly, its growth was higher in LGG NE S and LGG E DS 
samples, than in LGG E S and LGG NE DS samples, respectively. The 
possible explanation for this observation could be that L. rhamnosus 
contains several genes that allow it to have great flexibility in the uti-
lization of sugars (Toh et al., 2013). In this work, it has been observed 
that LGG might use starch and/or starch hydrolysis-derived in-
termediates because it grew properly with and without enzymes. 

Regarding microbial counts at 9 h (Log CFU/g t9h) of starter BY, there 
were no differences between samples without enzymes; the best growth 
was achieved using the treatment with enzymes and salt. No significant 
effect of enzymatic or desalting treatments was observed in the LGG 
samples, nor in the growth increase at 9 h. However, the type of starter 
had a significant influence on the microbial counts at 9 and 24 h (data 
not shown see, Table S5). Moreover, an increase in LGG growth was 
observed from 9 to 24 h while BY counts decreased, especially in the BY 
NE DS sample, since the microorganisms have reached the death phase, 
as mentioned before. 

The growth curves of the two starters used for fermentation, with or 
without enzymes, salted or desalted are shown in Fig. 2. It has been 
possible to estimate microbial growth from the Baranyi and Roberts 
(1994) model as it fits the function. 

Comparing the growth of both starters, we can see that the LGG E S 
sample (Fig. 2a); reached its maximum population before 8 h while the 
desalted beverage took longer to reach it (see Fig. 2b). The LGG cell 
counts were similar to those observed in other studies based on maize 
porridge (Helland et al., 2004) and bread waste (Nguyen et al., 2022) at 
24 h (8.2 and 7.7 Log CFU/g, respectively), although their initial values 
were slightly different. BY E sample did not reach the stabilization phase 
until the first 9 h of fermentation (Fig. 2c), while the BY DS reached it 
before, around 4–5 h (Fig. 2d). Microorganism counts of all drinks at 24 
h exceeded the minimum amount necessary (7 log CFU/g) for a food 
item to be considered probiotic (Bernat et al., 2014). 

Regarding pH, it decreased faster with the addition of enzymes in all 
cases (Fig. 2). Nevertheless, if we compared the reduction of pH between 
starters, pH curves from starter LGG started slowly down until it suffered 
a sharp fall. In contrast, the decrease of pH from starter BY was more 
progressive. Microbial growth and pH reduction are inversely related. 
LGG reached a lower pH than BY, probably because L. rhamnosus 
required more time for matrix adaptation than the starter BY, but then it 
produced more lactic acid and the end of fermentation. It is known that 
L. rhamnosus GG is a facultative heterolactic acid bacterium and it pro-
duces other compounds (Jyoti et al., 2004). Besides, in this experiment, 
with higher quantities of glucose, LGG could also produce larger 
amounts of lactic acid, although the time to reach the Vmax pH was 
longer. This is probably because bacteria cannot do the glycolysis and 
the oxidation balance in parallel and they need more time to do the last 
reaction (Jyoti et al., 2004). Likewise, the differences observed between 
the two starters could be attributed to the optimum pH for Bifidobacte-
rium growth (6–7) (Gomes & Malcata, 1999). 

3.2. Carbohydrates analysis 

Table 2 shows the evolution of the concentration of different sugars 
in the beverages studied, during fermentation. The glucose content only 
increased over time in the treatments with enzymes. In samples without 
enzymes, glucose values did not exceed 0.02 g/100 g in any case. While 
glucose increase was high in LGG E samples between 0 and 9 h, in BY E 
samples this rise was between 9 and 24 h of fermentation. As expected, 
the use of amylolytic enzymes increased glucose availability 
(Sigüenza-Andrés et al., 2022) and this approach has been successfully 

Table 1 
Growth kinetics parameters obtained from LGG and BY, using a bread waste 
beverage, with E and NE and S and DSa.  

Starter μmax (log 
CFU/g/ 
h) 

Growth 
T0-T24 

(log CFU/ 
24h) 

Growth 
T9-T0 (log 
CFU/g) 

R2 Log 
CFU/g 
at t9h 

Log 
CFU/g 
at t24h 

LGG E 
S 

0.263 ±
0.035 ab 

1.54 ±
0.22cd 

1.51 ±
0.04a 

0.990 
±

0.013a 

8.07 ±
0.16a 

8.11 ±
0.02 ab 

LGG 
NE S 

0.193 ±
0.025a 

2.17 ±
0.03d 

1.69 ±
0.17a 

0.955 
±

0.049a 

7.97 ±
0.08a 

8.45 ±
0.22bc 

LGG E 
DS 

0.223 ±
0.007a 

2.09 ±
0.07d 

1.44 ±
0.27a 

0.994 
±

0.005a 

7.98 ±
0.27a 

8.63 ±
0.07c 

LGG 
NE 
DS 

0.162 ±
0.009a 

1.31 ±
0.06c 

1.25 ±
0.10a 

0.842 
±

0.198a 

7.89 ±
0.17a 

7.95 ±
0.01a 

BY E S 0.525 ±
0.145cd 

1.59 ±
0.61cd 

3.03 ±
0.43b 

0.776 
±

0.304a 

21.34 
±

0.21d 

19.64 
± 0.37f 

BY NE 
S 

0.536 ±
0.041d 

2.13 ±
0.42d 

2.66 ±
0.69b 

0.998 
±

0.002a 

20.47 
±

0.02c 

19.94 
± 0.25f 

BY E 
DS 

0.390 ±
0.003bc 

− 0.32 ±
0.13b 

1.56 ±
0.08a 

0.967 
±

0.047a 

19.79 
±

0.11b 

17.91 
± 0.15e 

BY NE 
DS 

0.447 ±
0.058cd 

− 2.38 ±
0.18a 

1.42 ±
0.19a 

0.752 
±

0.114a 

20.33 
±

0.16c 

16.54 
± 0.15d 

a LGG, L. rhamnosus GG; BY, Bifidobacterium, Lactobacillus delbrueckii subsp. 
bulgaricus and Streptococcus thermophilus; E, with enzymes; NE, without enzymes; 
S, salt; DS, desalted 
Data are the means of two independent experiments ± standard deviations (n =
2). BY Log CFU/g include the sum of the three microorganisms counts. 
Growth data were modelled according to Baranyi and Roberts (1994). Values in 
the same column with different superscript letters differ significantly (P < 0.05). 
μmax is the maximum rate of bacterial growth expressed in log CFU/g/h; growth 
T9-T0 is the maximum population expressed in log CFU/g; growth T24-T0 is the 
net increase expressed in log CFU/g; R2, fit to the Barany and Roberts model and 
t9h and t24h are the microorganisms counts at 9 and 24 h, respectively (log 
CFU/g). 

a Check Table 1 for LGG, BY, E, NE, S and DS meaning. 
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used as a mechanism to produce substrates for LAB growth (Khalid, 
2011). Helland et al. (2004) showed that LGG was an active starter that 
reduced glucose levels by 90% in maize porridge with barley malt. In our 

study, glucose content appeared to increase due to the enzymes effect on 
starch hydrolysis, even though LGG consumed glucose, as its growth 
showed. According to Kankainen et al. (2009) LGG was capable to use 

Fig. 2. Growth were modelled according to Baranyi and Roberts (1994). Modelled (model) and experimental (exp) growth kinetics curves of LGG and BY with E and 
NE and S and DS against pH reduction curves along the fermentation. BY curves include the sum of the three microorganisms counts. 

Table 2 
Evolution of glucose, fructose, isomaltose, maltose, maltotriose concentration in the fermented drinks analysed. Factors: Nu-trish® LGG® (LGG), Nu-trish® BY-01 DA 
(BY), addition of enzymes (E), without addition (NE), with (S) and without salt (DS). Data are expressed as mean ± standard deviation (n = 8).  

Sample Fermentation time (h) Glucose (g per 100 g) Fructose (g per 100 g) Isomaltose (g per 100 g) Maltose (g per 100 g) Maltotriose (g per 100 g) 

LGG E S 0 5.159 ± 0.9533cd 0.0536 ± 0.0067de 0.0147 ± 0.0006g 1.4878 ± 0.1515g 0.2763 ± 0.2877c 

LGG E S 9 9.8858 ± 2.4522e 0.0494 ± 0.0062de 0.0208 ± 0.0047fg 0.7515 ± 0.5767e 0.0132 ± 0.0100a 

LGG E S 24 10.9632 ± 0.9499e 0.0679 ± 0.0085ef 0.0341 ± 0.0092i 0.0605 ± 0.0352abc 0.0144 ± 0.0216a 

LGG NE S 0 0.0131 ± 0.0114ab 0.0189 ± 0.0181ab 0.0145 ± 0.0005ef 0.6394 ± 0.0034de 0.0252 ± 0.0021a 

LGG NE S 9 0.0144 ± 0.0130abc 0.0206 ± 0.0195abc 0.0147 ± 0.0005ef 0.6328 ± 0.0072de 0.0287 ± 0.0057a 

LGG NE S 24 0.0024 ± 0.0011a 0.0034 ± 0.0001a 0.0145 ± 0.0004ef 0.6304 ± 0.0120de 0.0267 ± 0.0013a 

LGG E DS 0 6.1629 ± 0.7989d 0.0338 ± 0.0059bcd 0.0069 ± 0.0008abcd 1.1975 ± 0.2403f 0.0033 ± 0.0012a 

LGG E DS 9 9.8234 ± 0.9688e 0.0417 ± 0.0057cd 0.0102 ± 0.0003bcde 0.2551 ± 0.01596c 0.0836 ± 0.0061ab 

LGG E DS 24 10.7377 ± 1.5658e 0.0503 ± 0.0074de 0.0244 ± 0.0005gh 0.1035 ± 0.0084abc 0.0239 ± 0.0031a 

LGG NE DS 0 0.0196 ± 0.0149ab 0.0129 ± 0.0016ab 0.0054 ± 0.0003abc 0.2348 ± 0.0077bc 0.0096 ± 0.0097a 

LGG NE DS 9 0.0101 ± 0.0141a 0.0012 ± 0.0001a 0.0059 ± 0.0007abc 0.2478 ± 0.0098c 0.0124 ± 0.0026a 

LGG NE DS 24 0.0015 ± 0.0005a 0.0014 ± 0.0004a 0.0059 ± 0.0005abc 0.2557 ± 0.0028c 0.0114 ± 0.0009a 

BY E S 0 3.8857 ± 0.4324bc 0.0415 ± 0.0052cd 0.0116 ± 0.0014cde 1.1132 ± 0.0668f 0.1495 ± 0.0280b 

BY E S 9 6.1934 ± 0.9401c 0.0439 ± 0.0046de 0.0135 ± 0.0025de 0.2012 ± 0.1087abc 0.0026 ± 0.0004a 

BY E S 24 9.6691 ± 2.8424e 0.0482 ± 0.0019de 0.0295 ± 0.0030hi 0.0169 ± 0.0051ab 0.0119 ± 0.0122a 

BY NE S 0 0.0027 ± 0.0034a 0.0114 ± 0.0132a 0.0044 ± 0.0051abc 0.1965 ± 0.2232abc 0.0111 ± 0.0129a 

BY NE S 9 0.0093 ± 0.0127a 0.0074 ± 0.0086a 0.0029 ± 0.0034a 0.1330 ± 0.1525abc 0.0022 ± 0.0025a 

BY NE S 24 0.0056 ± 0.0078a 0.0025 ± 0.0042a 0.0010 ± 0.0018a 0.0474 ± 0.0814abc 0.0002 ± 0.0002a 

BY E DS 0 2.9603 ± 1.1328b 0.0446 ± 0.0338d 0.0043 ± 0.0018ab 0.4997 ± 0.2909d 0.0288 ± 0.0130a 

BY E DS 9 3.4261 ± 1.0890b 0.0557 ± 0.0306de 0.0221 ± 0.0077g 0.0718 ± 0.0515abc 0.0050 ± 0.0016a 

BY E DS 24 5.6437 ± 2.0498d 0.0843 ± 0.0510f 0.0483 ± 0.0202j 0.0606 ± 0.0173abc 0.0034 ± 0.0032a 

BY NE DS 0 0.0048 ± 0.0062a 0.0004 ± 0.0005a <LQ 0.0097 ± 0.0149a 0.0001 ± 0.0002a 

BY NE DS 9 0.0015 ± 0.0030a <LQ <LQ 0.0025 ± 0.0030a <LQ 
BY NE DS 24 0.0014 ± 0.0028a 0.0002 ± 0.0004a <LQ 0.0051 ± 0.0073a <LQ 

LQ Limit of quantification. Below detention limit. See Materials and Methods. 
Values with the same superscript letter were not statistically significantly different at p < 0.05. 
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glucose. However, in this study it was not possible to observe the glucose 
used because amylolytic enzymes could still release it from starch. 
Concerning BY E, the microorganisms could also metabolise glucose 
although the evolution was different from LGG. 

It is known that the microorganisms present in the BY starter ferment 
lactose, glucose, mannose, and fructose and preferably use lactose 
(O’Leary & Woychik, 1976; Van de Guchte et al., 2006; Zheng et al., 
2020). According to Chervaux et al. (2000), glucose import is inefficient 
in Lactobacillus delbrueckii subsp. bulgaricus. Nevertheless, O’Leary and 
Woychik (1976), after culturing this microorganism in different media, 
found that these bacteria utilized glucose preferentially. In the BY 
samples of this study, higher concentrations of glucose were found at 24 
h (approx. 10 g/100g) and lower values of pH were observed but the 
amount of lactic acid was lower (0.39%). The Streptococcus and Lacto-
bacillus in this matrix may have used glucose partially as an energy 
source in the first times of fermentation. 

Desalting did not change the final 24 h glucose concentration in LGG 
samples. However, in the case of BY, a higher glucose concentration at 
24 h was observed in the salted samples. This result in BY cannot be 
explained by a reduction in glucose transformation to lactic acid during 
fermentation caused by the presence of salt in the bread flour, as a 
higher TA, and a higher LAB counts were observed in the BY E samples 
without desalting. This treatment may remove some growth factors like 
vitamins, polyamines or free amino acids that could be necessary to 
grow L. delbrueckii subsp. bulgaricus or Streptococcus thermophilus (Muller 
et al., 2009). According to the multifactorial ANOVA (Table S4), at 24 h 
of fermentation, the presence or absence of salt had no effect on glucose 
concentration, whereas both, the starter and the enzymes, and their 
interaction had a significant effect on glucose concentration. 

Regarding fructose, the quantities of this sugar were lower in all the 
beverages and the highest content was reached in BY E DS with 0.084 g/ 
100 g at 24 h of fermentation. This sugar levels did not change through 
the whole fermentation, so no fructose consumption or formation were 
observed in the beverages. LAB are able to metabolise fructose although 
they show preference for glucose as a main source of energy (Bernat 
et al., 2015). Fructose content is low because starch is composed of 
glucose chains and enzymatic hydrolysis produce glucose instead of 
fructose (Martinez & Gómez, 2020). 

Isomaltose was also found in the beverages in low concentrations. Its 
content in treatments without enzymes remained stable along with 
fermentation. In contrast, significant differences were found between 
times 0 and 24 h in samples with enzymes. The microorganisms present 
in the starters were not able to metabolise this sugar so its slight increase 
results from the action of the amylolytic enzymes used (Robyt, 2009). 

In the case of maltose, its content showed a contrary trend to glucose. 
The amount of maltose decreased as fermentation progressed and this 
was observed in the samples with enzymes. The cause for this decline 
can be attributed to β-glucoamylase which breaks down maltose into 
glucose, reducing its concentration in the beverages (Warren et al., 
2015). Significant differences were noticed between 0 and 9 h in both 
starters with enzymes. In the samples without enzymes, no evolution 
was observed, and the content was lower. It is known that Bifidobacte-
rium spp. Can use maltose as a fermentable carbohydrate (Mårtensson 
et al., 2001; Muller et al., 2009). However, there were no significant 
differences between the maltose content at 0 and 24 h in both starters 
without enzymes. Therefore, Bifidobacterium preferentially utilized 
glucose to maltose. Its reduction in BY samples could be due to the 
enzymatic hydrolysis of maltose, not to the ability of the Bifidobacterium 
strains present in this starter to ferment this carbohydrate. These results 
contradict those obtained by Vaz Rezende et al. (2022) who observed 
that B. animalis subsp. lactis used maltose in commercial dietary fibres. 
The difference between our results and Vaz Rezende et al.’s (2022) is 
that the latter, small quantities of glucose and free amino acids were 
present during their fermentation. Bacteria present in BY may need the 
presence of these compounds to use maltose as an energy source or, as 
mentioned before, as a preferred source. The desalting treatment did not 

seem to affect the reduction of maltose content during the 24 h of 
fermentation. 

For maltotriose, its content was much lower and did not exceed 0.3 
g/100 g in any case. A significant decrease of the content of this 
trisaccharide was observed between 0 and 24 h in the LGG E S and BY E S 
samples which had higher starting concentrations. This reduction was 
produced by enzymatic hydrolysis which breaks the bonds between the 
three glucose units (Beschkov et al., 1984). In the rest of the samples, the 
amount of maltotriose remained stable. 

3.3. Acidification kinetics during fermentation 

The results of Vmax pH red, Vmax acid, pH (pH Vmax) and lactic acid 
(LA Vmax) achieved at the maximum rate and the times at which the 
maximum rate of pH reduction (t Vmax) and pH 4.5 (t pH4.5) were 
reached, are shown in Table 3. The Vmax pH red were higher in the ex-
periments with salt and enzymes of each starter, reaching values of 0.37 
dpH/h for LGG and 0.28 dpH/h for BY. The rates were lower in com-
parison with the rates reached by Coda et al. (2011) for L. plantarum in 
fermented emmer beverages (0.40–0.76 dpH/h) in 4 h of fermentation 
at 30 ◦C. However, similar results (0.24 dpH/h) were obtained by 
Magala et al. (2015) in the rice beverage fermented with a mixed starter 
(Bifidobacterium and L. plantarum). The desalted treatment influenced 
Vmax pH red since all the samples that underwent desalting had lower 
values of this parameter (0.11–0.29 dpH/h). Chikthimmah et al. (2001) 
reported that small amounts (0–2.5%) of NaCl stimulated the growth of 

Table 3 
Acidification kinetics parameters obtained from two starter cultures: LGG and 
BY, using a bread waste beverage, with E and NE and S and DSa.  

Sample Vmax pH 
red 
(dpH/h) 

t Vmax 

(h) 
pH 
Vmax 

t pH4.5 

(h) 
Vmax acid 
(dacidity/h) 

LA 
Vmax 

(%) 

LGG E S 0.37 ±
0.02e 

6.00 
±

0.00b 

4.30 ±
0.11ab 

5.45 ±
0.35abc 

0.04 ±
0.01d 

0.25 ±
0.03ab 

LGG NE 
S 

0.32 ±
0.01de 

6.00 
±

0.00b 

4.45 ±
0.18b 

5.80 ±
0.57bc 

0.02 ±
0.00bc 

0.13 ±
0.00ab 

LGG E 
DS 

0.29 ±
0.01cd 

8.25 
±

1.06c 

3.99 ±
0.26a 

6.45 ±
1.34c 

0.02 ±
0.00abc 

0.26 ±
0.18b 

LGG NE 
DS 

0.21 ±
0.06b 

6.60 
±

0.85b 

4.56 ±
0.2bc 

7.25 ±
2.47c 

0.01 ±
0.00a 

0.09 ±
0.01a 

BY E S 0.28 ±
0.04cd 

3.60 
±

0.85a 

4.43 ±
0.04b 

3.50 ±
0.71ab 

0.03 ±
0.00c 

0.22 ±
0.07ab 

BY NE S 0.18 ±
0.03b 

3.00 
±

0.00a 

4.91 ±
0.21c 

6.50 ±
1.41c 

0.01 ±
0.00ab 

0.15 ±
0.03ab 

BY E DS 0.23 ±
0.00bc 

3.00 
±

0.00a 

4.49 ±
0.07b 

3.00 ±
0.28a 

0.02 ±
0.00abc 

0.16 ±
0.03ab 

BY NE 
DS 

0.11 ±
0.01a 

5.25 
±

1.06b 

4.61 ±
0.13bc 

6.50 ±
0.71c 

0.01 ±
0.00a 

0.11 ±
0.01ab 

a LGG, L. rhamnosus GG; BY, Bifidobacterium, Lactobacillus delbrueckii subsp. 
bulgaricus and Streptococcus thermophilus; E, with enzymes; NE, without enzymes; 
S, salt; DS, desalted 
Data are the means of two independent experiments ± standard deviations (n =
2). 
Values in the same column with different superscript letters differ significantly 
(P < 0.05). Vmax pH red is the maximum rate of pH reduction expressed in (dpH/ 
h). T Vmax is the time at the maximum rate of pH reduction (h); pH Vmax is the 
pH reached at the maximum rate of pH reduction; t pH4.5 is the time at which pH 
4.5 is reached (h); Vmax acid is the maximum acidification rate (dacidity/h) and 
LA Vmax is the percentage of lactic acid reached at the maximum rate of acidi-
fication (g per 100 mL of lactic acid). 

a Check Table 1 for LGG, BY, E, NE, S and DS meaning. 
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LAB, whereas higher concentration (5%) inhibited them. Results show 
that the presence of salt in the initial matrix was beneficial for the 
metabolism of the starters used, hence the production of lactic acid and 
pH reduction. The enzymatic treatment also affected this parameter and 
significant differences were observed between samples with and without 
enzymes except for sample LGG with salt. 

Low times to obtain t Vmax were observed by starter BY, approxi-
mately 3 h except for BY NE DS (5.25 h) which was significantly 
different. The t Vmax in LGG was approximately twice higher than BY 
until a maximum time of 8.25 h. It seems that the three microorganisms 
of the starter BY created a synergy combination, and they acidified the 
medium earlier. Although they reached similar or higher pHs than LGG 
in the final beverages. These high pH values could result from a lower 
growth of the starter acidification strains (Streptococcus thermophilus) 
(Muller et al., 2009) throughout fermentation. Moreover, the starter BY 
had a rapid growth up to 9 h, reaching the stationary at this time and 
death phase at 24 h specifically, for samples without amylolytic enzymes 
and desalted samples. The cooperation between Lactobacillus and 
Streptococcus has been studied in milk since they stimulate each other 
during milk process fermentation. Some of them are proteolytic and 
others hydrolyse polysaccharides and produce monosaccharides or 
carbonyl compounds using as a source of energy (Li et al., 2021; Van de 
Guchte et al., 2006). However, protocooperation of these bacteria in 
vegetal matrix has not been investigated according to the bibliography 
reviewed. 

The pH Vmax oscillated between a range of 3.99 and 4.91 in all 
beverages. Starter LGG allowed to reach a low pH, but it took more time 
to do it. The minimum pH was reached by culture LGG E DS although the 
time to get this pH was the highest of all of them. 

BY E samples reached pH 4.5 earlier than the rest of the treatments. 
The pH 4.5 is suitable because it prevents the growth of pathogens 
(Motarjemi & Nout, 1996). A good acidified starter is known to reduce 
the pH by 1.3 units in 6 h at 30 ◦C (Beresford et al., 2001). All treatments 
with enzymes and LGG NE S were successful in reducing by 1.3 units the 
pH during the fermentation (see Fig. 2). This fact can indicate that the 
matrix, bread flour and water, is a good substrate for the growth of both 
starters. No significant differences were found, regardless of whether it 
had been desalted or not, while the enzymatic treatment only affected 
this parameter in the case of BY S and BY DS (see Table 3). 

The desalting treatment only reduced Vmax acid in the starter LGG 
but not in the starter BY. Besides, the enzymatic treatment increased this 

parameter but only in salted samples. These results matched with Vmax 
pH red values because the pH reduction and the TA increase are linked. 

The percentage of lactic acid reached at LA Vmax ranged between 
0.11 and 0.25. The highest content was found in treatments with en-
zymes and significant differences were only observed in LGG DS samples 
(Table 3). The enzymatic treatment was the only factor that significantly 
affected this parameter according to multifactorial ANOVA (Table S5). 

3.4. Evolution of pH, TA and WHC during storage 

The evolution of pH, TA and WHC values were statically treated to 
analyse the lifespan of each final product (Table 4). 

Regarding pH, the lack of enzymes greatly affected the pH reached at 
the end of the fermentation in the LGG samples and, to a lesser extent, in 
the BY samples. In general, low values of pH were detected in samples 
treated with enzymes in both starters. A negative correlation between 
pH1d and Vmax pH red (r = − 0.50; p < 0.05) and a positive correlation 
between pH1d and pH Vmax (r = 0.70; p < 0.05) were observed. These 
correlations make sense since higher rates of pH reduction allow lower 
pH to be reached in less time. Therefore, those samples with higher Vmax 
pH red and those which reached the maximum rate with lower pH values 
attained the most acidic pH. At 15 days, we noted again significant 
differences between enzymes and non-enzymes samples fermented by 
both starters. No significant differences were found in the evolution of 
pH in any beverage during its storage. Nevertheless, at 21 days, samples 
with enzymes and salt showed a slight decrease in pH compared to that 
obtained after 15 days; while desalted samples with and without en-
zymes showed an increase on pH. In contrast, Aparicio-García et al. 
(2021) noticed a strong pH decrease in a sprouted oat beverage, during 
the first 5 days of storage until 4.0. According to them, this sharp decline 
in pH matches with the fermentative capacity of L. plantarum during 
storage at 4 ◦C. Salmerón et al. (2015) observed similar pH values 
(3.27–3.72) in the nine cereal drinks fermented by different strains of 
Lactobacillus. 

High TA was observed in the samples with enzymes on all days 
studied, except for BY E DS samples on day 21. The enzymatic treatment 
had a clear positive effect on TA on all three days studied (see Table S6). 
Curiously, in BY E sample, as mentioned before, higher glucose con-
centration at 24 h was observed in comparison with the desalting sample 
(see Table 2). It is possible, that the presence of salt was also an 
important factor for this parameter. The TA in the final products 

Table 4 
PH, titratable acidity and WHC measures obtained from different fermented beverages after their fermentation (1 day) and during their storage at 15 and 21 days. 
Factors: LGG and BY; E and NE; S and DS. Data are expressed as mean ± standard deviation (n = 8). a  

Sample/ 
Time 

pH Titratable acidity (g per 100 mL of lactic acid) WHC (%) 

1d 15d 21d 1d 15d 21d 1d 15d 21d 

LGG E S 3.10 ±
0.26ab1 

2.84 ± 0.01a1 2.82 ±
0.09d1 

0.48 ± 0.01f1 0.55 ± 0.01e2 0.59 ± 0.03c2 38.73 ± 3.11a1 39.28 ±
1.77a1 

39.07 ± 1.08a1 

LGG NE S 3.97 ± 0.18d1 3.84 ± 0.03d1 3.84 ± 0.08e1 0.21 ±
0.05bc1 

0.17 ±
0.01a1 

0.17 ± 0.00a1 74.92 ± 4.03c1 76.20 ±
2.22c1 

71.72 ± 9.36c1 

LGG E DS 2.85 ± 0.01a1 2.90 ± 0.06a1 3.13 ±
0.42b1 

0.40 ± 0.01e1 0.43 ±
0.03d1 

0.47 ±
0.18bc1 

35.85 ± 0.88a1 33.67 ±
0.42a1 

34.87 ± 1.32a1 

LGG NE DS 4.10 ± 0.00d1 4.19 ± 0.04e1 3.97 ±
0.23a1 

0.11 ± 0.02a1 0.14 ±
0.03a1 

0.19 ± 0.09a1 68.70 ±
0.00bc1 

62.04 ±
4.43b1 

65.77 ±
1.79bc1 

BY E S 3.38 ± 0.19b1 3.26 ± 0.11b1 3.03 ±
0.25d1 

0.39 ± 0.03e1 0.36 ± 0.00c1 0.40 ± 0.05b1 36.88 ± 0.21a1 35.90 ±
0.28a1 

36.47 ± 3.06b1 

BY NE S 3.77 ±
0.14cd1 

3.67 ±
0.08cd1 

3.89 ± 0.36c1 0.30 ± 0.03d1 0.22 ±
0.02b1 

0.17 ± 0.08a1 72.85 ± 0.40c1 67.10 ±
3.54b1 

67.47 ±
6.60bc1 

BY E DS 3.46 ±
0.21bc1 

3.47 ±
0.23bc1 

3.40 ±
0.00b1 

0.27 ±
0.04cd1 

0.22 ±
0.01b1 

0.20 ± 0.01a1 34.17 ± 0.33a1 33.47 ±
1.98a1 

32.99 ± 1.68a1 

BY NE DS 3.90 ± 0.09d1 3.95 ±
0.21de1 

3.89 ±
0.09b1 

0.18 ±
0.01ab1 

0.15 ±
0.02a1 

0.13 ± 0.09a1 66.26 ± 6.10b1 60.72 ±
5.64b1 

59.05 ± 5.59b1 

a LGG, L. rhamnosus GG; BY, Bifidobacterium, Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus; E, with enzymes; NE, without enzymes; S, salt; DS, 
desalted 
Significant differences between columns are indicated by letters and those between rows by numbers. 

a Check Table 1 for LGG, BY, E, NE, S and DS meaning. 
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(0.11–0.48%) was, in general terms, higher than the values registered by 
Salmerón et al. (2015). This difference could be due to the short 
fermentation time of 10 h. However, our results were lower than those 
reported for dairy probiotic products with growth supplements added 
(0.44–0.63%) (Gomes et al., 1998). No changes in TA were observed 
during storage, with the exception of LGG E S sample after 15 days, 
where it increased slightly without affecting the final pH value. Nguyen 
et al. (2022) also reported an increase of lactic acid content at 5 ◦C in a 
bread beverage fermented with L. rhamnosus after 6 weeks of storage. 

There are significant differences in the percentage of WHC between 
samples with and without enzymes. Enzymes addition facilitated starch 
hydrolysis in the fermented beverages. Due to the starch hydrolysis, the 
fermented beverages have a lower WHC capacity (Luana et al., 2014). 
Along the storage time, Aparicio-García et al. (2021) reached similar 
WHC (33.7–35.3%) to our samples with enzymes, although they used 
sprouted oat and just 4 h of fermentation. No differences in the WHC 
evolution were noticed during storage. The absence of changes makes 
the product more stable during storage. 

4. Conclusion 

Bread waste flour is a good substrate for the growth of lactic acid 
bacteria and Bifidobacterium present in the two starters. The combina-
tion of starter BY and enzymatic and non-enzymatic treatments with salt 
proved to be the best option for the fermentation of a bread waste-based 
beverage according to the growth kinetics parameter. The enzymatic 
treatment resulted in a pH reduction, an increased total acidity, and a 
desirable decrease in the WHC of the fermented beverages. Moreover, 
the enzymes addition caused a higher production of glucose and iso-
maltose, whereas maltose decreased due to its hydrolysis. The desalting 
process contributed to produce worse results, but the sample LGG E DS 
sample reached the maximum log CFU/g at 24h and the lowest pH. In 
general, the enzymatic treatment would be the most suitable option if 
short fermentation times are sought. However, starter BY could be used 
without adding enzymes, in longer fermentations reaching a good mi-
crobial growth. 

More studies are needed to evaluate the nutritional, sensorial and 
organoleptic beverage properties, as well as the microbial evolution 
during their storage. 
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