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ABSTRACT

Background: There is growing interest in identifying substrates that support the growth of probiotics in
foods. Pulses are an excellent source of nutrients and bioactive compounds, including non-digestible
oligosaccharides from the a-galactoside group, which are probiotic growth factors. This study aimed to
evaluate the potential of white lupin and broad bean flours to support the growth of seven probiotic
strains of Lactobacilli and Bifidobacterium.

Results: Different Man-Rogosa-Sharpe broth media were prepared using whole or dehulled flour as car-
bon sources at different concentrations (20, 30, 40, and 60 g/L) and inoculated with 2% (w/v) of each pro-
biotic strain. Viable cell numbers and medium acidification were monitored throughout fermentation
and compared to negative (MRS without a carbon source) and positive (MRS with 20 g/L glucose) con-
trols. White lupin at 60 g/L concentration proved to be a suitable carbon source for both Lactobacillus aci-
dophilus Ki and Lactobacillus casei ssp. paracasei L26, while concentrations of 40 g/L and 60 g/L supported
Bifidobacterium animalis Bb12 growth.

Conclusions: Flour concentration had a greater impact on probiotic growth than composition (hull vs.
dehulled). These results suggested that white lupin is a promising ingredient for the development of
functional foods.
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1. Introduction

Probiotics are live microorganisms that confer health benefits to
the host when consumed in adequate amounts [1]. Extensive
research has confirmed the role of probiotics in treating chronic
diseases, modulating host immunity, protecting against infectious
and non-infectious diseases, and producing beneficial substances,
such as organic acids and short-chain fatty acids [2,3].

Consequently, the consumption of probiotic-enriched food has
increased. The most common probiotics used in foods and diet-
ary supplements are bacteria from the genera Lactobacillus and
Bifidobacterium and the yeast species Saccharomyces boulardii
[1]. To confer health benefits, probiotics must remain viable
and at sufficient concentrations after food processing and
throughout the product’s shelf life. Additionally, they must sur-
vive the acidic pH of the gastric environment, reach the small
intestine, and colonize the host’s gut [4]. Owing to the chal-
lenges of maintaining probiotic viability in certain food matrices
[3], there is growing interest in investigating substrates that sup-
port these microorganisms.

Pulses have emerged as promising candidates because of their
health, nutritional, and environmental benefits. They are accessi-
ble, versatile, and functional ingredients, particularly in flour form,
allowing their incorporation into various food matrices [5]. Pulses
are rich in non-digestible oligosaccharides, specifically raffinose
family oligosaccharides (RFOs), which include raffinose, stachyose,
and verbascose [6]. These RFOs serve as excellent growth factors
for probiotics [7].

Lupins (Lupinus albus) and broad beans (Vicia faba), two pulses
traditionally found in the Mediterranean region, are rich in RFOs
[7]. Recently, the use of lupin has increased due to its nutritional
density and potential health benefits [8]. Additionally, broad beans
have shown agronomical advantages, being one of the most effi-
cient nitrogen-fixing legumes with high crop yields [9,10]. The glo-
bal lupin market is projected to register a Compound Annual
Growth Rate (CAGR) of 5.1% [11]. In contrast, the broad bean mar-
ket is projected to register a 4.0% CAGR [12] during the forecast
period of 2021-2026.

Few studies have demonstrated the capacity of lupin and broad
beans to support the growth of probiotic bacteria [13,14]. Most of
these studies have used extracted fractions rather than whole
grains, which are the most common form of consumption. Given
the rising interest in these pulses, it is essential to identify their
applications. Therefore, this study aimed to comparatively evaluate
the effectiveness of whole and dehulled white lupin and broad
bean flours at different concentrations as carbon sources to sup-
port the growth of seven probiotic strains of Lactobacillus and Bifi-
dobacterium. These findings support the development of
functional foods.

2. Materials and methods
2.1. Broad bean and lupin flours

Broad beans (Vicia faba) and white lupin (Lupinus albus) were
obtained from a local producer in Mirandela, Portugal. Whole
and dehulled grains were milled into fine powder using a Ther-
momix® TM31 commercial food processor (Vorwerk, Germany).

2.2. Microorganisms

Seven commercial probiotic strains were used in this study:
Lactobacillus acidophilus Ki and LAFTI® L10, Lactobacillus casei
LAFTI® L26 (currently Lacticaseibacillus casei), Lactobacillus rham-
nosus R11 (currently Lacticaseibacillus rhamnosus), Bifidobacterium
animalis Bb12 and Bifidobacterium animalis Bo, and Bifidobacterium
breve National Collection of Industrial and Marine Bacteria 702258.
L. acidophilus Ki and B. animalis Bo, previously isolated from fer-
mented milk, were obtained from CSK (Netherlands). B. animalis
Bb12 was obtained from Christian Hansen (Denmark). L. aci-
dophilus LAFTI® L10 and L. casei LAFTI® L26 were procured from
DSM Food Specialties (Australia), and L. rhamnosus R11 was
obtained from LALLEMAND Bio-Ingredients (Canada). All strains
were provided as ultra-frozen concentrates.

The strains were reactivated by pre-inoculation in de Man-
Rogosa-Sharpe broth (MRS; Biokar Diagnostics, France) and incu-
bated overnight at 37°C. At least two subsequent culturing steps
were performed under the same growth conditions after the initial
inoculation of 100-200 pL concentrate in 15 mL MRS broth. The
cell biomass was harvested by centrifuging (Sorvall LYNX 4000,
Thermo Scientific) at a final volume of 15 ml of MRS broth contain-
ing each strain at 5000 rpm for 20 min at 4°C. The biomass was
washed once with an equal volume of 8.5 g L~! NaCl solution. After
centrifugation, the supernatant was discarded and the pelleted bio-
mass was resuspended in 8.5 g L~! NaCl solution. For Bifidobac-
terium animalis Bb12 and Bo, and B. breve, the MRS broth was
supplemented with filter-sterilized 0.5 g L~! L-cysteine-HCI (Fluka,
Switzerland) to lower the redox potential. These cultures were
incubated in a plastic anaerobic jar with a GasPak™EZ sachet (Bec-
ton, Dickinson and Company, USA) to maintain the anaerobic
conditions.

2.3. Media

MRS broth was used as the basal medium to evaluate the probi-
otic growth-promoting properties of lupin and broad bean flour.
The medium was prepared by substituting the conventional carbon
source (glucose) with various other ingredients. The fermentation
medium contained 10 g L~' peptone (Sigma-Aldrich, USA),
10 g L~! meat extract (Merck, Germany), 5 g L™! yeast extract (Bio-
kar Diagnostics), 2 g L™! dipotassium phosphate (Merck), 1.08 g L™
Tween 80 (Merck), 5 g L™! sodium acetate (Merck), 2 g L' ammo-
nium citrate tribasic (Sigma-Aldrich), 0.2 g L' magnesium sulfate
(Merck), and 0.05 g L~! manganese sulfate (Sigma-Aldrich). As a
positive control, 20 g L~! glucose (Sigma-Aldrich) was added to
the medium. MRS without a carbon source was combined with dif-
ferent concentrations (20, 30, 40, and 60 g L™!) of whole or
dehulled lupin and broad bean flour. For B. animalis Bb12 and Bo,
B. breve, and L. acidophilus Ki, all media were supplemented with
filter-sterilized 0.5 g L™' L-cysteine-HCl and incubated at 37°C
under anaerobic conditions.

2.4. Evaluation of pulse flours as a carbon source to support probiotic
bacterial growth

The fermentability potential of lupin and broad bean flours was
evaluated by screening for flour incorporation, stirring, and steril-
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ization methods (data not shown) to select those that would not
affect the structure and activity of the flours. The effect of pulse
hulls on the acidification of probiotic strains and microbial growth
was determined. A test was conducted to compare whole-grain
flour with dehulled-grain flour at three concentrations (20, 30,
and 40 g L"), focusing on one Bifidobacterium and one Lactobacillus
strain (B. animalis Bb12 and L. acidophilus L10, respectively). Subse-
quently, the concentration range was expanded to 20, 40, and
60 g L™! for lupin and broad bean whole flours. These were tested
in MRS medium with seven probiotic strains (L. acidophilus Ki, L.
acidophilus L10, L. rhamnosus R11, L. casei L26, B. animalis Bo, B.
breve, and B. animalis Bb12) to select the optimal pulse type/con-
centration combination based on microbial growth and
acidification.

2.4.1. Incorporation of lupin and broad bean flours and sterilization
method

Flour was added to the basal medium without a carbon source
at the intended concentration and homogenized using an Ultratur-
rax (ICA Works, USA) for 3 min at 10.000 rpm to ensure optimum
homogenization. The resulting medium was sterilized by autoclav-
ing at 110°C for 10 min.

2.4.2. Determination of the dehulling effect on bacterial growth by
viable cell determination

MRS broth was prepared with glucose (20 g L™!) and without
any carbon source as the positive and negative controls, respec-
tively. Three concentrations of lupin and broad bean flour (20,
30, and 40 g L™!) were added to the MRS broth without a carbon
source. Each sterilized medium was transferred to 50-mL Schott®
flasks (L. acidophilus L10) or 50-mL flat-bottom glass bottles with
narrow necks (B. animalis Bb12) and inoculated at 2% (v/v) with
the respective strain; less technologically demanding strains were
selected for this stage. The assay was performed in duplicate. Inoc-
ulated glass flasks were incubated at 37°C with orbital shaking at
150 rpm. Growth was monitored by enumerating viable cell num-
bers (CFU/mL) at 0, 4, 6, 8, and 24 h (in duplicate). At each sampling
time, decimal dilutions were prepared using peptone-saline water
(8.5 g L™! sodium chloride; 1 g L™! peptone) up to 1076 and plated
on MRS agar using the Miles and Misra [15] method.

2.4.3. Evaluation of probiotic growth-promoting potential by viable
cell numbers determination and medium acidification

Seven probiotic strains were selected to confirm the growth-
promoting potential of the whole-grain pulse flours: L. acidophilus
L10, L. acidophilus Ki, L. casei L26, L. rhamnosus R11, B. animalis
Bb12, B. animalis Bo, and B. breve. This array of strains was used
because it has been demonstrated that the use of a specific carbon
source varies among different genera, species, and even strain
levels. Growth curves were monitored by enumeration of viable
cells and medium acidification was determined by measuring the
pH.

MRS basal broth was prepared with 20 g L™! glucose (positive
control) or without a carbon source (negative control). Three con-
centrations (20, 40, and 60 g L™!) of whole-grain pulse flour were
added to the MRS basal broth without a carbon source. For aerobic
strains (L. acidophilus L10, L. casei L26, and L. rhamnosus R11),
100 mL Schott flasks were used for inoculation. For anaerobic
strains (B. animalis Bb12 and Bo, B. breve, and L. acidophilus Ki),
flat-bottom glass bottles with narrow necks were used to minimize
oxygen contact. Each probiotic strain was inoculated at 2% (w/v)
into each experimental medium, and the assay was performed in
duplicate for each strain.

Glass bottles (for anaerobic microorganisms) and Schott flasks
(for aerobic microorganisms) were incubated as discussed in Sec-
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tion 2.4.2. The decimal dilutions and plating conditions have been
described in the previous section.

In addition, acid production was monitored by measuring pH
during incubation to confirm substrate utilization as a carbon
source during fermentation. The pH meter was calibrated using
reference buffer solutions at pH levels of 4.0 and 7.0. The samples
were blended before the pH measurement.

2.5. Statistical analysis

Statistical analyses were performed using the SPSS software
(version 17.0; SPSS, Chicago, IL, USA). The Shapiro-Wilk test was
used to assess data normality. For normally distributed data,
one-way analysis of variance (ANOVA) followed by Tukey’s post
hoc test was performed. Non-normally distributed data were ana-
lyzed using Kruskal-Wallis and Dunn’s post-hoc tests. Differences
between the means were considered statistically significant at
p < 0.05.

3. Results and discussion
3.1. Determination of the dehulling effect on bacterial growth

The growth of L. acidophilus L10 and B. animalis Bb12 was mon-
itored in media containing three different concentrations (20, 30,
and 40 g L™1) of pulse flour over 24 h of fermentation at 37°C by
enumerating viable cell numbers (Fig. 1a-d). Glucose (positive
control) promoted the best growth of both strains (Fig. 1), com-
pared to lupin and broad bean flours, regardless of the presence
or absence of hulls. No significant differences were observed
between groups (p > 0.05). However, for B. animalis Bb12 incu-
bated in MRS basal medium containing 40 g L~! of lupin flour, with
or without hull, viable cell numbers at 24 h of fermentation were 1
log cycle higher than those in the MRS positive control. The
absence of hulls did not significantly affect the growth behavior
of B. animalis Bb12 compared to its whole-grain counterparts. This
can be attributed to the presence of growth-promoting factors (pri-
marily fiber and a-galactosides) within the cotyledons [6].

Generally, seed dehulling reduces the anti-nutritional composi-
tion and alters the nutrient profile [16]. Moreover, hull removal is
associated with lower antioxidant activity [17], a biological prop-
erty that should ideally be preserved. Given that no significant dif-
ferences were observed between whole-grain flour, dehulled lupin
flour, and broad bean flour, whole-grain flour was selected for sub-
sequent experiments due to its simpler preparation process and
reduced nutrient loss.

3.2. Evaluation of the probiotic growth-promoting potential of flours

To assess the potential of pulses to promote probiotic growth
and acidification, three concentrations of lupin and broad bean
flours were added to MRS basal medium without a carbon source
and tested against seven Lactobacillus and Bifidobacterium strains.
The growth curves are illustrated in Fig. 2a-g and the acidification
capacity after 36-h of fermentation is shown in Table 1. Generally,
lupin flour supported strain growth more effectively than broad
bean flour at similar concentrations, sometimes producing results
comparable to or better than those of glucose.

The utilization of legume flours as growth promoters by differ-
ent Lactobacillus and Lacticaseibacillus strains demonstrated
species- and strain-level specificity, consistent with previous find-
ings [18,19]. L. acidophilus Ki (Fig. 2a) and L. rhamnosus R11 (Fig. 2¢)
strains effectively metabolized legume flours in basal MRS media.
At 60 g L™ lupin flour, L. acidophilus Ki growth was significantly
better (p < 0.05) than that of the positive control after 12 h of fer-
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Fig. 1. Growth curves of B. animalis Bb12 (a and c¢) and L. acidophilus L10 (b and d) in MRS with or without glucose, and MRS with broad bean (a and b) or lupin (c and d) flour,
with or without hull, at different concentrations: with 20 g L™! flour, with 30 g L™" flour, with 40 g L™! flour.

mentation (almost 1 log cycle higher). L. rhamnosus R11 achieved
growth comparable to that of glucose by 36 h (9.3 log CFU/mL),
albeit with a prolonged 12 h adaptation period, compared to the
4 h initiation of the logarithmic growth phase reported for glucose.

L. acidophilus L10 showed no growth impact from either flour,
regardless of concentration. The initial viable cell numbers
remained relatively constant or decreased over time compared to
those reported in glucose medium (Fig. 2b), supporting the
strain-specific traits observed for novel prebiotic sources. For L.
casei L26 (Fig. 2d), the viable cell numbers at 12 h (stationary
phase) were significantly higher (p < 0.05) in lupin flour (all con-
centrations) and glucose than in broad bean flour.

All Bifidobacterium strains demonstrated a good capacity to use
legume flour as a carbon source, albeit to varying degrees. Higher
concentrations of both flours (40 ¢ L' and 60 g L™') enabled B.
breve to increase by almost 3.0 log cycles, reaching viable cell num-
bers similar to those of the positive control after 24 h of fermenta-
tion (Fig. 2f). B. animalis strains (Fig. 2e and Fig. 2g) showed an
increase of about 1.5 log cycles with 40 g/L and 60 g/L of lupin
flour.

For B. animalis Bb12, growth curves with lupin flour at 40 g L™!
and 60 g L~! were similar to glucose (positive control), with signif-
icantly higher (p < 0.05) viable cell numbers (8.7 and 8.8 log CFU/
mL, respectively) after 36 h of fermentation compared to the other
concentrations of both flours (Fig. 2g). B. animalis Bo showed
higher (p < 0.05) viable cell numbers with 60 g L™! of lupin flour
(p < 0.05) than the positive control.

Metabolic activity, reflected by acidification (pH decrease) dur-
ing fermentation, was generally aligned with the growth curves of
Lactobacillus, Lacticaseibacillus, and Bifidobacterium strains (Table 1).
This indicates the effective metabolism of legume flours, although
at varying rates and to varying extents. As expected, glucose (pos-
itive control) resulted in the highest acidification rate across all
species and strains, whereas acidification was insignificant without
a carbon source. MRS basal media with 40 g L™! and 60 g L™! lupin
flour and 60 g L~! broad bean flour produced results similar to
those reported for the positive control.

White lupin flour is a suitable carbon source for both Lactobacil-
lus and Bifidobacterium strains, consistent with previous studies
[13,20]. Other legume flours have also demonstrated this property



E. Vieira, M.W. Vasconcelos and A.M. Gomes

a L. acidophilus Ki

Log CFU/mL

5
0 4 8 12 16 20 24 28 32 36
Time (h)

—=— Control (MRS w/ Glu) 8- Control (MRS w/o Glu)

----- MRS w/o Glu + 2% Lupin -~ MRS W/o Glu + 4% Lupin
--©---MRS W/o Glu + 6% Lupin —+—MRS w/o Glu + 2% Broad bean
—a— MRS W/o Glu + 4% Broad bean  —e— MRS w/o Glu + 6% Broad bean

c L. rhamnosus R11
10

-
E
3
w
=
Q7
P
6
5
0 4 8 12 186 20 24 28 32 36
Time (h)
—&— Control (MRS w/ Glu) -~~~ Control (MRS w/o Glu)
--<--- MRS /o Glu + 2% Lupin MRS w/o Glu + 4% Lupin
--©--- MRS W/o Glu + 6% Lupin —&— MRS w/o Glu + 2% Broad bean
—&— MRS w/o Glu + 4% Broadbean ~ —@— MRS w/o Glu + 6% Broad bean
e B. animalis Bo
-l
E
=)
w
[3)
87|
-
6
5
0 4 8 12 16 20 24 28 32 36
Time (h)

—=— Control (MRS w/ Glu)

--4--- MRS w/o Glu + 2% Lupin
--©---MRS w/o Glu + 6% Lupin
—4&— MRS w/o Glu + 4% Broad bean

==+~ Control (MRS w/o Glu)

~--A--- MRS w/o Glu + 4% Lupin
—=— MRS w/o Glu + 2% Broad bean
—&— MRS w/o Glu + 6% Broad bean

Electronic Journal of Biotechnology 79 (2026) 100697

b L. acidophilus L10

Log CFU/mL

5
0 4 8 12 16 20 24 28 32 36
Time (h)
—=— Control (MRS w/ Glu) --&-- Control (MRS w/o Glu)
--%--- MRS w/o Glu + 2% Lupin ---A--- MRS w/o Glu + 4% Lupin
--G--- MRS Wo Glu + 6% Lupin —e— MRS w/o Glu + 2% Broad bean
—&— MRS w/o Glu + 4% Broadbean  —@— MRS w/o Glu + 6% Broad bean
d L. casei ssp paracasei L26
9

Y
E
=)
w
3]
o7
3
6
5
0 4 8 12 16 20 24 28 32 36
Time (h)
—&— Control (MRS w/ Glu) --&-- Control (MRS w/o Glu)
--6--- MRS w/0 Glu + 2% Lupin -~ MRS w/0 Glu + 4% Lupin
--©--- MRS W/0 Glu+ 6% Lupin —&— MRS w/o Glu + 2% Broad bean
—&— MRS w/0 Glu + 4% Broad bean —&— MRS w/0 Glu + 6% Broad bean
B. breve
f

LogCFU/mL

0 4 8 12 16 20 24 28 32 36
Time (h)

-~ - Control (MRS w/o Glu)

-~~~ MRS w/o Glu + 4% Lupin

—a— MRS w/o Glu + 2% Broad bean

--&--- MRS wlo Glu + 6% Broad bean

—a— Control (MRS w/ Giu)

-6~ MRS W/o Glu + 2% Lupin
~-40--- MRS W/o Glu + 6% Lupin
—a— MRS w/o Glu + 4% Broad bean

<] B. animalis Bb12

Log CFU/mL

0 4 8 12

—&— Control (MRS w/ Glu)
=-4%--- MRS w/o Glu + 2% Lupin
--0--- MRS w/o Glu + 6% Lupin

—A— MRS w/o Glu + 4% Broad bean

20 24 28 32 36

Time (h)
--4&-- Control (MRS w/o Glu)
---A--- MRS w/o Glu + 4% Lupin
—— MRS w/o Glu + 2% Broad bean
—&— MRS w/o Glu + 6% Broad bean

Fig. 2. Growth curves of L. acidophilus Ki (a), L. acidophilus L10 (b), L. rhamnosus R11 (c), L. casei ssp paracasei L26 (d), B. animalis Bo (e), B. breve (f), and B. animalis Bb12 (g) in
MRS with or without glucose, and MRS with broad bean or lupin flour, in different concentrations: with 20 g L~" flour, with 40 g L~! flour, with 60 g L™" flour.
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Table 1
Variation of pH for the seven probiotic strains tested in the different MRS culture media with or without glucose or supplemented with either 20, 40 or 60 g L' of lupin or broad
bean flours.
Strain Incubation  Glucose Without Lupin Flour Broad Bean
time glucose
(h) 20gL! 20gL™! 40gL! 60gL™" 20gL! 40gL! 60gL!
L. casei ssp paracasei 126 0 6.54 £0.01° 7.23 £0.00° 6.90+0.00° 6.73+0.01° 6.58+0.00° 6.79+0.12° 6.61+0.00° 6.54 £ 0.01°
4 568 +0.04° 6.8+0.02° 639%001° 6250.00° 6.14+000° 6.17+001° 6.11+0.07° 6.11%0.01°
8 467 £0.00° 6.63 £0.00° 6.15+0.02° 595+ 0.00° 584+0.00° 6.02+000° 6=0.00° 5.96 + 0.00°
12 421 +0.00° 6.66+0.02° 595+0.02° 567+0.00° 55+002° 591+0.00° 59 *0.02° 5.81 + 0.00°
24 368 £0.00° 6.72£0.01° 582 +0.02° 541+0.00° 521+000° 584+001° 591+017° 563+0.02"
36 3.81 £0.00° 6.79£0.02° 584 +0.04° 543+0.01° 525+002° 581+001° 586018 5.6 +0.08"
ApH 3.02 0.44 1.06 1.30 1.33 0.98 0.75 0.98
L. acidophilus Ki 0 6.49 £ 0.00° 6.78 +0.00° 6.55+0.00°° 637 +0.00° 6.3+0.01° 6.65+0.00° 6.58+0.00" 652+ 0.00°
4 6.23 +0.00° 6.66 + 0.00° 636000 6.19+0.00° 6.12+001° 642+0.03* 636+0.00° 629+ 0.00®
8 481 £0.00° 6.26 £0.00° 554 +0.04 528+0.00° 5.18+0.01° 578+0.00° 5.56+0.00®° 545 +0.00%
12 432 +£0.00° 6.26 £0.00° 5.15+0.04® 476 +0.00° 4.54 +0.00° 547 +0.03* 547 £ 0.00®® 5.33 £ 0.00%"
24 401 +0.04° 6.21+000° 5.12+0.03 478+0.00° 4.59+0.00° 531+0.01* 4.97+0.00® 5.2 +0.00%"
36 3.96 £ 0.04° 624 £000° 5.14+0.03* 4.81+0.01° 4.64+0.01° 53#0.02° 5.02 + 0.04° 4.84 +0.01%
ApH 2.53 0.54 1.41 1.56 1.66 1.35 1.53 1.68
L. acidophilus L10 0 6.72 + 0.00° 7 +0.12° 6.82 +0.00° 6.62+001° 647 +000° 693+001° 6.83+000° 6.73 £ 0.04
4 621 +0.02° 6.77 +0.00° 6.54%0.00° 639%0.00° 624+000° 6.62+000° 652=0.00° 648 *0.00°
8 476 £0.01° 697 £0.00*° 6.79 +0.02* 6.64+0.02° 6.52+0.01° 6.81+0.00° 6.85+0.02* 6.84 + 0.02°
12 434 +0.16° 7.35+007° 7.05+0.02° 6.86+0.02" 6.75+0.00° 7z0.00° 6.95 + 0.00° 6.8 0.02¢
24 3.77 £0.00° 7.19+£001* 6.94+0.00° 6.8+000° 6.65+0.00° 7.01+0.01° 6.84+0.02° 6.81+0.00°
36 364 £0.01° 7.17£0.02° 693 +0.02° 68+000° 6.64+001° 697+0.02° 6.81+001* 6.79 £ 0.00°
ApH 3.08 -0.17 -0.11 -0.18 -0.17 -0.04 0.02 -0.06
L. rhamnosus R11 0 6.81 £0.00° 7.19£0.00° 6.9 + 0.02° 6.71 £ 0.00° 6.52 +0.00° 7.03 +0.00° 6.91+0.01° 6.82+0.01°
4 6.13 +0.00° 6.72 +0.00° 6.46+0.00° 633+0.00° 6.18+0.00° 659+0.01° 648 +0.00° 6.42 + 0.00°
8 466 £0.00° 6.71 £0.00° 6.49 +0.02° 6.35+0.00° 6.19+0.00° 6.65+0.00° 6.54+0.00° 6.49 +0.03"
12 421£0.00° 6.75+0.02° 658+0.01° 638+0.00° 6.19+0.00° 6.66+0.01*° 6.58+0.00° 6.5 +0.02"
24 3,55 £0.00° 6.87 £0.00° 6.26+0.03° 583+0.03” 562+000° 6.64¢+002° 643+0.01° 6.36 +0.00°
36 3,57 £0.00° 6.95+0.00° 6.08+0.00° 558+0.03” 533+0.02° 6.59+0.00° 645+000° 6.31+001°
ApH 3.24 0.24 0.82 1.13 1.19 0.44 0.46 0.51
B. animalis Bb12 0 6.82 +0.02° 7.12+0.00° 6.83+001° 662+0.00° 647+0.00° 6.99+0.00® 6.86+0.00° 6.77+0.00°
4 6.54 +0.05° 7.03 +0.00° 622+000° 5892+0.07° 576%0.00° 65+0.00® 646+0.00° 6.38+0.00°
8 553 +0.00° 7.01+0.00° 5332000° 487+0.00° 4662x000° 577002 535+0.04° 5.132%0.02°
12 501+ 0.06° 7.05+0.00° 535%001° 487+0.00° 4662x001° 5662002 517+0.02° 493+0.01°
24 445 +000° 7.05+000° 533+0.00° 4.87+0.00° 4.67+0.01° 549+0.04" 5=0.01° 476 + 0.01°
36 432 +0.03” 6.98+0.00° 531+0.00° 502+0.01° 4.86+0.00° 542+0.02"" 495+001° 4.68+0.01°
ApH 3.50 0.14 1.52 1.60 1.61 1.57 1.73 2.09
B. animalis Bo 0 6.6+001° 69+000° 6.620.01° 6.5 +£0.00° 63 +0.00° 6.8 +0.00° 6.8 £ 0.04° 6.6 + 0.00%
4 58 +£0.02° 6.4 +0.00° 6.220.00° 6.0 £0.00° 59#0.00° 6.3 +0.00° 6.2 £ 0.00° 6.2 £ 0.00%
8 43+000° 6.1+004° 57+0.06% 55+004°> 54+000° 6.1+0.04° 6.0 + 0.00° 6.0 + 0.00%
12 39+001°> 6.1+001* 55+0.07% 53+005° 5.1+000° 6.1+0.08 5.9 + 0.00° 5.9 + 0,02
24 36£002° 622011° 55+0.06% 53 +£006° 5.1£000° 56 +0.02° 5.4 £ 0.03° 5.4 £ 0.02%
36 36+000° 61+011° 56 +0.07* 53 +006° 5.1+000° 57013 5.3 + 0.00° 5.2 + 0.00%
ApH 3.00 0.80 1.00 1.20 1.20 1.10 1.50 1.40
B. breve 0 6.36 £ 0.00° 6.67 +0.00° 6.44 +0.00° 6.29+0.01° 62+000° 6.56+0.00° 65 +0.01° 6.45 + 0.00°
4 6.35+0.01° 6.66 +0.00° 6.44+000° 628+0.00° 6.19+000° 655+000° 649+0.01° 643 +0.00°
8 6.12 +0.02* 6.5+0.02° 627%006° 6012004 579%000° 6.44+003° 639%001° 628 *0.00°
12 5.02+0.02° 6.14+0.03* 575%004° 54+006° 508z%002° 6.06%002° 5882002 5.63z0.00°
24 44+000° 6.13£002° 539+0.11* 507 +0.01* 4.94+0.02* 571+0.00° 551+001* 5.38+0.03*
36 4.35+0.02° 568+008 524+006° 501+0.03* 4.89+0.02° 546+0.06%° 54 +0.00° 531+ 0.03%
ApH 2.01 0.99 1.20 1.28 1.31 1.10 1.10 1.14

a: negative control; b: positive control. Values with the same superscript letters show no significant difference (p > 0.05) in relation to the media at the same strain.

[6,21]. Gullén et al. [13] found that both broad bean and white
lupin stimulated the growth of probiotic bacteria such as Bifidobac-
terium spp., Lactobacillus — Enterococcus group, among others. How-
ever, in the current study, the broad bean flour did not significantly
support the growth of probiotics.

The differences in probiotic growth support between white
lupin and broad bean may be attributed to variations in o-
galactoside content and composition. White lupins contain twice
the content of o-galactoside as broad beans [22]. Stachyose is the
main o-galactoside in white lupin seeds, whereas verbascose is

typically undetectable. In contrast, broad beans have the lowest
stachyose content among pulses, with verbascose as the primary
oligosaccharide [22,23]. Research has shown that probiotic bacte-
ria exhibit limited fermentation of verbascose [24], whereas lactic
acid bacteria have been demonstrated to utilize stachyose and raf-
finose [20]. Therefore, these variations in oligosaccharide composi-
tion between white lupin and broad beans could explain the
differences observed in the present study.

Various studies conducted in vitro [25], in food matrices [26],
in vivo [27], and in humans [28] have demonstrated the ability of
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lupin to promote probiotic bacterial growth, typically using fiber
component extracts. Our study achieved similar results using
whole lupin flour without extraction, suggesting that the prebiotic
benefits of lupin may be attained with minimal processing.

4. Conclusions

This study demonstrated that white lupin flour, particularly at
concentrations of 40 g L™ and 60 g L™! (w/v), serves as an effective
carbon source to support the growth of different Lactobacillus and
Bifidobacterium strains, especially L. acidophilus Ki, L. rhamnosus
R11, and B. animalis (Bo and Bb12). However, the results indicated
specificity at both the species and strain levels. This finding sug-
gests that lupin flour has potential as an ingredient for the produc-
tion of functional food products.
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