ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

Trabajo Original Pediatria

In vitro prebiotic activity of rhLf and galactooligosaccharides

on infant intestinal microbiota
Actividad prebiotica in vitro de lactoferrina y galactooligosacridos
sobre la microbiota intestinal infantil

Esmat Aly"?, Gaspar Ros-Berruezo', Rubén Lopez-Nicolds', Aliaa Ali Darwish?, Teresa Sanchez-Moya', David Planes-Mufioz', Carmen

Frontela-Saseta’

"Food Science and Nutrition Department. Faculty of Veterinary Sciences. Regional Campus of International Excellence “Campus Mare Nostrum”. Universidad de Murcia.
Espinardo, Murcia. Spain. ?Dairy Technology Research Department. Food Technology Research Institute (FTRI). Agricultural Research Center (ARC). Giza, Egypt

Keywords:

Lactoferrin.

Galactooligosaccharides.

Intestinal microbiota.
Prebiotic activity.

Palabras clave:

Lactoferrina.
Galactooligosacéridos.
Microbiota intestinal.
Actividad prebidtica.

Abstract

Objective: human lactoferrin (Lf) and human milk oligosaccharides possess a wide range of functions. So, the present study focusses on the
role of Lf and/or galactooligosaccharides (GOS) in the modulation of gut microbiota composition.

Methods: recombinant human lactoferrin (rhLf) was added to the first infant formula (0.10, 0.15, 0.20 %) alone or in combination with GOS
(1 %) in vessels of a small-scale batch culture fermentation model. Short-chain fatty acids (SCFAs), microbial population groups, and pH were
monitored through fermentation for 24 hours.

Results: insignificant changes were observed in pH values and acetic acid accumulated during fermentation. Propionic acid content has been
insignificantly increased while butyric acid has been insignificantly decreased. Moreover, increments in all bacterial groups except for Bacte-
roides were observed through the fermentation process. Lactobacillus and Bifidobacterium showed an increase in relation to initial time over the
fermentation process, demonstrating the prebiotic effect of lactoferrin and GOS. After 24 hours of fermentation, all tested ingredients showed
significant similarities in Enterococcus for controls except for 0.20 % rhLf + 1 % GOS, which provoked a diminution of Enterococci growth.

Conclusion: despite the importance of the batch culture fermentation technique in uncovering the prebiotic activity of food ingredients, it is
not useful for detecting the prebiotic nature of Lf due to its nature as a protein. Thus, Lf maybe shows its prebiotic activity on the gut microbiota
through other mechanisms.

Resumen

Obijetivo: la lactoferrina humana (Lf) y los oligosacéridos de leche materna presentan un amplio rango de funciones. El presente estudio se centra
en el papel de la Lf y/o galactooligosacridos (GOS) en la modulacion de la composicion de la microbiota intestinal.

Métodos: se afiadio lactoferrina humana recombinante (rhLf) a férmula infantil (0,10, 0,15, 0,20 %), sola 0 en combinacion con GOS (1 %) en
botes de fermentacion coldnica. A lo largo de 24 horas de fermentacion, se monitorizaron acidos grasos de cadena corta, grupos de poblaciones
microbianas y pH.

Resultados: se observaron pequefios cambios en valores de pH y cantidad de é&cido acético durante la fermentacion. EI contenido de acido
propionico aumenté ligeramente, mientras que el butirico sufrié un ligero descenso. Todos los grupos bacterianos estudiados incrementaron,
excepto los Bacteroides, durante la fermentacion. Lactobacillus and Bifidobacterium mostraron un incremento respecto al valor inicial, demostrando
el efecto prebidtico de la lactoferrina y los GOS. A las 24 horas de fermentacion, todos los ingredientes estudiados mostraron similitud al control
en cuanto a Enterococcus, excepto para 0,20 % rhLf + 1 % GOS, donde disminuyd el crecimiento de los enterococos.

Conclusion: a pesar de laimportancia de los estudios de fermentacion in vitro para descubrir potenciales ingredientes prebidticos, no fue dtil en
el caso de lactoferrina debido a su naturaleza proteica. Por tanto, la lactoferrina podria mostrar su actividad prebiética en la microbiota intestinal
a través de otros mecanismos.
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INTRODUCTION

Recently, the awareness of functional food’s importance is
highly increasing as this food has several potential health-pro-
moting activities. In this sense, consumers highly demand those
ingredients that positively affect intestinal flora (1). Among these
functional ingredients are human lactoferrin (hLf) and human
milk oligosaccharides (HMOs) such as galactooligosaccharides
(GOS). hLf is a 703-amino acid glycoprotein isolated from the
whey fraction of human milk which exerts many biological effects
such as antimicrobial, modulation of the immune system, and
iron metabolism (2). Many previously published data revealed
the prebiotic nature of these components of human milk, where
they can improve the growth of some beneficial bacteria, i.e.,
Bifidobacteria and Lactobacilli (3,4). Thus, the gut microbiota of
breast-fed infants is characterized by its high content of these
healthy microorganism as compared to those fed infant formulas
(5). Therefore, and in line with the current trend in infant formula
manufacturing, several infant formulas exist in the market con-
taining Lf and/or GOS to increase their functionality, and highly
resemble human milk composition (6).

GOS, another functional ingredient, is characterized by its high
resistance to digestion and reaches the colon in intact form,
where they serve as fermentable substances leading to produce
short-chain fatty acids (SCFAs) and decreasing colon pH. These
consequences improve the growth of the beneficial bacteria and
prevent the attachment of enteropathogens. However, many in
vitro, in vivo, and preclinical studies are needed to discover the
functionality of human milk components, especially Lf and HMOs.
Thus, the main objective of the present study is to evaluate the
potential prebiotic efficacy of three different concentrations of re-
combinant human Lf and/or GOS through using the batch culture
fermentation model.

MATERIALS AND METHODS

CHEMICALS

Recombinant human lactoferrin (rhLf) was purchased from
Sigma Chemical Co. (cat. no. L1294, St. Louis, MO, Unit-
ed States). Vivinal GOS syrup (dry matter 75 % of which GOS
was 59 %, lactose 21 %, glucose 19 %, and galactose 1 %) was
provided by Hero Baby Co. (Alcantarilla, Murcia, Spain).

PREPARATION OF THE FECAL INOCULUM

Fecal samples were obtained from three healthy babies (aged
2-4 months) without any known metabolic or gastrointestinal
disorders and antibiotics were not taken before fecal sample do-
nation. Fresh fecal samples were immediately placed in anaero-
bic jars and transported to the laboratory within two hours from
collection. Fecal samples were prepared following the procedure
previously described by Sanchez-Moya et al. (7).

E. Aly et al.

IN VITRO BATCH CULTURE FERMENTATIONS

Three independent small-scale fecal batch cultures were car-
ried out, each of them corresponding to samples from the three
different babies. First of all, 1 % (w/v) lactose was added to the
media before autoclaving because it is the main sugar in milk.
The fecal slurry and autoclaved MBM were prepared on the same
day and maintained overnight under conditions of anaerobiosis
at 37 °C, before use. For each batch, MBM was distributed into
different glass vessels (5 ml per vessel) with 5, 7.5, or 10 mg of
rhLf with (or without) a mixture of 1 % GOS. In addition, 1 % GOS
was used as prebiotic control (positive control) (8).

The ingredients assayed (rhLf and GOS) (at the different con-
centrations) were added to each vessel just before inoculation
with the fecal slurry (50 i of the fecal slurry). The different treat-
ments were incubated at 37 °C in anaerobic conditions. Samples
were removed after 0, 10, and 24 h to pH measurement, SCFAS,
and bacteria quantification similarly to Beards et al. (8).

The different treatments used in this study are the following:
positive control (1 % GOS), single recombinant human lactoferrin
(rhLf) (0.10 % rhLf, 0.15 % rhLf, 0.20 % rhLf) and lactoferrin
added to 1 % GOS (0.10 % rhLf + 1 % GOS, 0.15 % rhLf + 1 %
GOS, 0.20 % rhLf + 1 % GOS).

MEASUREMENT OF pH

The pH values of batch culture samples were measured im-
mediately after taking the aliquots. This measurement was done
in triplicate directly by using the pH meter (Crison, Barcelona,
Spain).

SHORT-CHAIN FATTY ACIDS ANALYSIS BY GC

SCFAs analysis in fecal cultures was determined by GC ac-
cording to Gonzalez-Bermudez et al. (9). Every sample was per-
formed in quadruplicate.

ANALYSIS OF FECAL MICROBIOTA
COMPOSITION BY qPCR

Bacterial DNA from fermented samples was extracted prior to
gPCR analysis by using a QlAamp® DNA Stool Minikit (Qiagen,
Germany) in a similar form to Gonzalez-Bermudez et al. (9). Af-
ter DNA extraction, samples were stored at -80 °C until further
analysis. Quantitative real-time PCR (gPCR) was used to ana-
lyze microbiota from fermented samples using specific primers
targeting different bacterial groups (total bacteria, Bacteroides,
Enterobacteriaceae, Enterococcaceae, Lactobacillus, and Bi-
fidobacterium). PCR amplification and detection were performed
similarly to Gonzalez-Bermudez et al. (9) and Sanchez-Moya et
al. (7) by using a 96-well CFX96™ Real-Time PCR thermocycler
(Bio-Rad, Madrid, Spain).
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Bacterial strains were obtained from the German Collection of
Microorganism and Cell Cultures (DMSZ) and the Spanish Type
Culture Collection (CECT) (Table I). Every sample was analyzed in
quadruplicate and the results were expressed as the logarithm of
genome equivalents per ml (Log genome Eg/ml) (10).

STATISTICAL ANALYSIS

The effect of the different samples at the same in vitro fer-
mentation time, on the evolution of pH, the SCFAs production,
and the microbiota growth were tested using one-way ANOVA,
with the samples as a factor. To compare the effect of the in
vitro fermentation time for each used sample, on the parameters
previously commented, one-way ANOVA was used as well, with
time as a factor. In both cases, when data were not parametric,
the Kruskal-Wallis test was used. Subsequent Tukey's multiple
comparisons or Nemenyi test multiple comparisons were used
when data were parametric or not respectively. Before statisti-
cal analysis, normality and homoscedasticity were confirmed by
using Shapiro-Wilk and Bartlett tests, respectively. The software
R version 3.6.2 (2019-12-12) was used to perform all analyses.
The package ggplot2 of the same software was used to do plots.
Alevel of significance of p < 0.05 has been considered for each
statistical analysis.

RESULTS

It is well-known that there is a positive correlation between gut
microbiota and the diet. Thus, the current research is focusing on
modulating the gut microbiota using prebiotics such as GOS, and
rhLf. The prebiotic substances are several food ingredients that
can pass the upper part of the gastrointestinal tract in intact form
until reaching the colon, where they are fermented by the colonic
beneficial bacteria, especially Bifidobacteria and Lactobacilli. The
prominent event that occurs during this process is modulation

of the intestinal microbiota composition leading to forming SCFAs
as main metabolites, which are accompanied by pH decline.

pH EVOLUTION DURING FERMENTATION

The pH evolution during fermentation for each sample through
the time (0, 10, and 24 hours) is shown in table II. As it can be
seen, for each sample, pH decreased quickly and significantly
(p < 0.05) at ten hours of incubation to the 0-hour point, be-
ing this drop bigger for the samples with GOS. At ten hours of
incubation, we obtained the lowest value of pH in presence
of 1 % GOS (PC), whereas 0.10 % rhLf followed by 0.20 % rhLf
and 0.15 % rhLf, respectively, had the maximum values of pH,
although without statistically significant differences among the
studied samples into ten hours. The values of pH continued de-
creasing at 24 hours of fermentation as well, with statistical-
ly significant differences (p < 0.05) for the 0.1 % and 0.15 %
rhLf cases with respect to the previously analysed time, being
the lowest value of pH for 1 % GOS. The remaining samples at
24 hours had similar pH mean values and no statistically signif-
icant differences were found among the samples used at this
time. It is also worthy to note that samples including GOS de-
crease pH to a higher degree and faster than the same samples
without GOS.

SHORT-CHAIN FATTY ACIDS EVOLUTION
DURING FERMENTATION

The obtained findings in this study regarding SCFAs produc-
tion by the fecal bacterial population are shown in figure 1 for
the total concentration of SCFA (mM) (acetic, propionic, butyric,
i-butyric, i-valeric, n-valeric, i-caproic, n-caproic and heptanoic
acids) and in figure 2 for the molar proportions of the main SCFA
(acetic, propionic and butyric acid) as well as minor SCFA (i-bu-
tyric, i-valeric, n-valeric, i-caproic, n-caproic and heptanoic acid).

Table I. Bacterial target, primer sequences and annealing temperature
used to gPCR analysis

Bacterial target Primer sequences (5™-3) Annealing temperature (°C)
Total bacteria Fwd: GTGSTGCAYGGYYGTCGTCA 5
otal bacte Rv: ACGTCRTCCMCNCCTTCCTC
. Fwd: GAGAGGAAGGTCCCCCAC
Bacteroides-Prevotella Rv: CGKACTTGGCTGGTTCAG 60
. Fwd: TGCCGTAACTTCGGGAGAAGGCA 50
erobacteriaceas Rv: TCAAGGACCAGTGTTCAGTGTC
e Fwd: CCCATCAGAAGGGGATAACACTT 60
erococcaceas Rv: ACCGCGGGTCCATCCATC
| actobacills Fwd: AGCAGTAGGGAATCTTCCA 50
actobacil Rv: CATGGAGTTCCACTGTCCTC
Sifobecterium Fwd: GATTCTGGCTCAGGATGAACGC 50
obacter Rv: CTGATAGGACGCGACCCCAT

[Nutr Hosp 2023;40(4):701-710]
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Table Il. pH evolution during 24 hours of fermentation

Samples 0 hour 10 hours 24 hours
1% GOS (PC) 8.51+0.12* 5,07 = 0.23" 470 £ 0.14
0.10 % rhLf 8.51 +0.12* 5.36 £ 0.28¢ 479 £ 0.19¢
0.15 % rhLf 8.51 +0.12* 5.26 £ 0.167 4.94 + 0.08*
0.20 % rhLf 851 +0.12* 5.34 +0.22f 4.88 +0.311
0.10 % rhLf + 1 % GOS 8.51 +0.12* 515+ 017" 4.89+0.18"
0.15 % rhLf + 1 % GOS 851 +0.12* 519+ 0.36" 491 £ 0.22¢
0.20 % rhLf + 1 % GOS 851 +0.12* 5.24 +0.09' 4,93 + 0.26

GOS: galactooligosaccharides; rhLf: recombinant human lactoferrin. Results are expressed as mean + SD from triplicate. *, " and* indicate statistically significant

(0 < 0.05) differences in the same row.

As it can be seen in figure 1, the total SCFAs levels increased
after 24 hours of incubation of fecal microbiota with the test-
ed ingredients. The highest values of total SCFAs were detected
after fermentation in the presence of 0.10 % rhLf + 1 % GOS
followed by 0.15 % rhLf + 1 % GOS and 0.2 % rhLf + 1 %
GOS as compared with the positive control group, but not signifi-
cantly. The obtained findings revealed, as unexpected, that total
SCFAs in the presence of 1 % GOS showed the lowest value after
24 hours as compared to other substrates, revealing the high
effect of Lf in the SCFA production. Non-significant differences
(p < 0.05) were observed between total SCFAS for all treatments

at the same time. Among the various detected SCFAS, acetic acid
has been the most contributor to total SCFA, followed by similar
amounts of both propionic acid and butyric acid. After 24 hours
of fermentation, elevated production of acetic acid was reported,
and its higher value was found for 0.10 % rhLf + 1 % GOS fol-
lowed by 0.20 rhLf + 1 % GOS and 0.15 % rhLf + 1 % GOS as
compared with the control group. Unexpectedly, in the presence
of 1 % GOS, the acetic acid production was the lowest compared
with the remaining samples after 24 hours. It is worthy to note
that the highest value of acetic acid after ten hours was report-
ed in presence of 1 % GOS as compared with all treatments.

301
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Figure 1.

Total short-chain fatty acids (SCFA) concentration produced at 0, 10, and 24 hours of incubation with rhLf and/or GOS in batch culture fermentation

vessels. GOS: galactooligosaccharides; rhLf: recombinant human lactoferrin.
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However, non-significant (p < 0.05) changes in the acetic acid
production by the tested ingredients were observed at the differ-
ent points of sampling and this may be a result of the differences
between the predominant intestinal flora in the three fecal slur-
ries of the three donors.

In the case of propionic acid, the findings revealed a mod-
erate increase in its level for all the tested ingredients after
24 hours of fermentation. After ten hours of fermentation, the
group of samples containing 0.20 % rhLf showed the lowest
value as compared with the rest of the treatments, while after
24 hours, the highest value of propionic acid was found in the
presence of 0.10 % rhLf + 1 % GOS followed by 0.15 % rhLf + 1 %
GOS,andthelowestvalue wasobservedinthe presence of 1 % GOS.
These findings revealed that although there are non-significant
(p < 0.05) differences between the values of propionic acid
among the different treatments, it might exist a synergistic
contribution between rhLf and GOS to produce SCFA. The con-
trary occurred for butyric acid, which decreased moderately at
24 hours of fermentation as compared to its content at zero time
of incubation. The highest value of butyric acid was observed at
24 hours in the presence of 0.20 % rhLf + 1 % GOS followed by
the control sample but it is not significantly (p < 0.05) different
from the values of the different treatments. Finally, small variabil-
ity between butyric content of the other groups whether at ten
hours or 24 hours was observed.

Interestingly, as a consequence of the SCFAs production pat-
tern mentioned above, the acetic acid/propionic acid ratio highly
increased at ten hours of fermentation. Then, this ratio decreased

705

moderately or highly depending on the added compound. Con-
trol group acetic/propionic ratio became the highest value at ten
hours, while 0.15 % Lf was the lowest value at 24 hours (Fig. 3).
Our findings reported that positive control led to a significant
change (p < 0.05) in the acetic/propionic acid ratio. Remarkably,
the highest decrease in this ratio observed in the present study
was for the 0.2 % rhLf group.

Because of the obtained findings (Fig. 2), it is worth noting that
there was no clear trend related to the effect of rhLf and/or GOS on
the production of minor SCFAs in fecal cultures fermentation except
for isobutyric acid, which was found to be increased at 24 hours in all
treatments as well as in the control group (data not shown).

ANALYSIS OF MICROBIOTA DURING
FERMENTATION

Changes in microbiota composition have been shown after the
whole fermentation process and using different doses of rhLf and
GOS as substrate (Table ll). Increments in total bacterial numbers
were observed in all samples through the fermentation process, be-
ing the time of fermentation ten and 24 hours approximately two Log
genome Eg/mL higher with respect to the initial time (time 0 h) (p <
0.05). More counts of total bacteria were observed after using GOS
(1 %) and different 0.1 % of rhLf added to GOS (1 %) as fermentable
substrate. However, after total fermentation, the addition of different
concentrations of single rhLf did not produce significant increases
compared to positive control and 0.1 % of rhLf + 1 % GOS.
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Figure 2.

Molar proportion (%) of minor and major short-chain fatty acids (SCFA) concentration produced in batch culture fermentation vessels containing
rhLf and/or GOS. GOS: galactooligosaccharides; rhLf: recombinant human lactoferrin.
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Acetic: propionic ratio produced at 0, 10, and 24 hours of incubation with rhLf and/or GOS in batch culture fermentation vessels. GOS: galactoo-

ligosaccharides; rhLf: recombinant human lactoferrin.

Table lll. Bacterial populations (Log gen Eq/ml) after 24 hours of incubation with rhLf

and/or GOS using batch culture fermentation

Time(h) | GOS(1%) | 0.10%rhLf | 0.15%rhLf | 0.20 % rhLf o.:o;féglg * 0'151;.)/"6";'; * o'ﬁo‘;f‘ég'g *
on 565082 | 565°:082 | 565:082 | 5652082 | 565°+08 | 5652082 | 565°%082
Tota bactera 10 7772017 | 77492010 | 76495007 | 75292007 | 77302026 | 7649015 | 748902027
241 7675013 | 75802027 | 720°£017 | 7325016 | 77042015 | 753#2010 | 7482023
on 5056058 | 5052058 | 5054058 | 5052058 | 505058 | 5062058 | 505+058
Bacteroiges 10 531£096 | 5372090 | 5284077 | 5132075 | 5312092 | 520£077 | 511078
24h 519:081 | 5205097 | 5164077 | 5082073 | 528+101 | 51562084 | 507070
on 44T 1004 | 44371064 | 44X:064 | 442064 | 44F=064 | 44P2064 | 4432064
Enterobacteriacese | 10h | 6.66°° 2011 | 663905013 | 6520602010 | 6439+ 003 | 66159023 | 64792012 | 6302025
24h 646016 | 6265037 | 6072027 | 6062015 | 6362031 | 617402034 | 6.2040 2022
on 2055048 | 2252048 | 2052048 | 205048 | 2050048 | 2252048 | 225048
Fnterocoocaceae 10h | 44504029 | 414052047 | 39492046 | 3792038 | 4012051 | 3755+ 060 | 370°%023
24h 48395096 | 44392056 | 39592056 | 41292021 | 443%0+063 | 4080055 | 367=024
on 282°:087 | 282087 | 280087 | 288+087 | 282+087 | 2802087 | 282087
Lactobacills 10 3012154 | 3509145 | 327163 | 320P2138 | 36P+160 | 3532154 | 34¥+135
24h 5052214 | 489132 | 420:130 | 4882144 | 527+123 | 4912149 | 486'=160
on 35200065 | 350:065 | 35X:065 | 352:065 | 350:065 | 355:066 | 350065
Bifdobacterium 10 L4P 071 | 4519:053 | 4288:060 | 3822044 | 4562042 | 4152063 | 4122021
24h 5012088 | 5652089 | 520°:073 | 5192103 | 548'2074 | 528'2080 | 504'=106

GOS: galactooligosaccharides; rhLf: recombinant human lactoferrin. Values are mean + SD of four determinations from three independent experiments. Small letters
denote significant differences (p < 0.05) among different treatments within the same time of fermentation (rows). Capital letters denote significant differences
(o < 0.05) along fermentation within the same treatment.
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Considering the same time of fermentation, significant differ-
ences were found according to the type of fermented ingredient.
Specifically, total bacteria at 24 hours of fermented with 0.10 %
rhLf 1 % GOS group and GOS (1 %) were higher compared to
0.15and 0.20 % rhLf (7.70 + 0.15 and 7.67 = 0.13 vs 7.29
+ 0.17 and 7.32 = 0.16 Log Eq gen/ml, respectively). These
data results are interesting since the highest growth of total
bacteria in the case of fermented 0.10 rhLf + 1 % GOS was
coincident with the highest increases in total SCFA, specifically
of acetic acid.

Regarding other bacterial groups, non-significant differences
were found in the case of Bacteroides, neither within the same
ingredient concerning the time of fermentation nor within the
same time of fermentation and ingredient. Unlike other bacte-
ria populations, the growth of Bacteroides group seemed to be
decreased from ten to 24 hours of fermentation, although not
significantly.

Enterobacteriaceae showed marked time-dependent increas-
es in all samples. Concretely, GOS (1 %), as well as treatments
with rhLf alone, showed great differences in the fermentation
process. Nevertheless, the addition of 1 % of GOS to rhLf pro-
voked significant increases from time O to time ten hours, being
the growth after 24 hours of fermentation similar to previous
stages. At ten hours of fermentation, the lowest values (p < 0.05)
of Enterobacteria were found in the case of 0.20 % rhLf (6.43 +
0.03) and 0.20 % rhLf + 1 % GOS (6.30 + 0.25) with respect
to the positive control (6.66 + 0.11). However, in the case of
24 hours of fermentation, the lowest growth for Enterobacteria-
ceae was detected in the case of 0.15 and 0.20 % rhLf with re-
spect to the control, which could suggest that the addition of rhLf
alone to human feces after 24 hours of fermentation produced
a positive effect by decreasing this bacterial group. The additive
effect of 1 % of GOS and rhLf seemed to produce similar values
but none in a significant manner to prebiotic control and a little
higher than in the case of 0.15 % and 0.20 % of rhLf.

The lactic acid bacteria, Enterococci, comprises commensal
and pathogenic bacteria. The results of the present study showed
that all tested ingredients produced increases in Enterococci
populations after 24 hours of fermentation regarding the initial
inoculum, with increases of 2 Log gen Eg/ml, approximately.
However, significant differences were found depending on the
ingredient. At the time of ten hours of fermentation 0.10 % rhLf
showed similar values than prebiotic control (4.14 + 0.47 Log
gen Eg/ml). Nevertheless, 0.20 % rhLf and 0.20 % rhLf + 1 %
GOS showed lesser values with respect to the control. Differently,
at the time of 24 hours of fermentation all tested ingredients
showed significant similarities with respect to the control, except
for 0.20 % rhLf + 1 % GOS, which provoked a diminution of
Enterococci growth (3.87 + 0.24 Log gen Eg/ml).

Regarding Bifidobacterium and Lactobacillus genera, our re-
sults showed that both bacteria increased markedly with respect
to the initial time over the fermentation, showing a notable pre-
biotic effect on all tested substrates. Concretely all ingredients
stimulated the growth of Lactobacillus, especially after 24 hours
of fermentation, showing increments of 2 Log gen Eg/ml approx-

[Nutr Hosp 2023;40(4):701-710]

imately with respect to initial values, although insignificant differ-
ences were found among different treatments. Similarly, Bifido-
bacteria showed increases after 24 hours of fermentation using
GOS or rhLf as substrate, which could suggest the bifidogenic
potential of both ingredients. However, neither of the two men-
tioned ingredients produced significant increases in Bifidobacte-
rium by comparing different doses.

DISCUSSION

pH EVOLUTION DURING FERMENTATION

One of the most important factors in this topic is pH, which
influences the growth and/or activity of intestinal microflora, par-
ticularly Bifidobacteria and Lactobacilli. Gonzalez-Bermidez et
al. (9) indicated that decreasing pH means an increase in acidity
due to increased production of SCFAs by the fecal microbiota,
and reported a negative significant relationship between pH and
acetic acid or total SCFAs in all sampling points.

The decreasing tendency in pH found in our study could be
explained because antimicrobial properties of Lf have been re-
ported, which reduce bacteria growth (11); meanwhile, GOS in-
duced a fast fermentation, softening the Lf effect. At 24 hours
of fermentation, pH values were similar in all samples, maybe
because Lf has been degraded and its antibacterial properties
have been erased.

Recently, the drop in pH from the ileum to the cecum due to
the higher SCFA concentrations has had two beneficial effects.
First, both in vitro and animal studies showed that lower pH val-
ues change gut microbiota composition, and secondly, it prevents
overgrowth by pH-sensitive pathogenic bacteria like Enterobac-
teriacae and Clostridia (12). Regarding the role of GOS as a fer-
mentable substrate, it has been demonstrated that it produced
a large concentration of lactate after 24 hours of fermentation,
reducing pH values (13), which could explain the considerable
decling in pH values in this study.

SHORT-CHAIN FATTY ACIDS EVOLUTION
DURING FERMENTATION

SCFAs are organic acids with 1-6 carbon atoms and are one of
the main anions obtained by the degradation of polysaccharides,
oligosaccharides, proteins, peptides, and glycoprotein precursors
in the colon by gut microbiota. Currently, it is well confirmed that
produced SCFAs have several health-promoting activities such
as improving water transport, sodium absorption, and bicar-
bonate excretion (14). Furthermore, SCFAs play a pivotal role as
nutrients for the colonic epithelium, modulators of colonic and
intracellular pH, and other functions related to Fe transport,
and regulators of proliferation, differentiation, and gene expres-
sion. The accumulated SCFAs decrease the colonic pH leading to
modulation of the pattern of colonic microbiota, and also improve
the Ca and Fe absorption (15). SCFAs accumulated in the colon
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act as lowering factors of bioavailability of the toxic amines, thus
protecting from the carcinogenic progress.

The SCFA evolution in our study was in line with the obtained
findings by Miller and Wolin (16), revealing that acetic acid was
the major SCFA accumulated after fermentation of glucose puri-
fied from cabbage. Also, it was reported by Velazquez et al. (17)
that glucose fermentation by intestinal microbiota gave rise to
more acetic acid but less propionic and butyric acid production
than other fermentable substrates. In addition, acetic acid and
total SCFAs were highly produced after short-term incubation of
lactulose and GOS with intestinal flora. Likewise, Beards et al. (8)
reported that the colonic fermentation of GOS induced the produc-
tion of acetic acid, which correlated positively with the increase of
Bifidobacteria populations, as acetate formation is consistent with
Bifidobacteria and Lactobacilli metabolism. Similar results have
been reported showing that the increasing production of acetic
acid was directly associated with the increase in Bifidobacteria
counts (18). Several published data revealed that prebiotics are
the main responsible for the marked increase in the counts of Bi-
fidobacteria, Lactobacilli and, subsequently, the higher production
of acetic acid and total SCFAs (19) , and these changes may be
responsible for promoting the defense functions of the host and
thereby protecting the host from severe infection (20).

It was previously reported that propionate may form a soluble
complex with iron, thereby maintaining the solubility of iron in
the lumen of the colon, as well as facilitating the transfer across
endosome membranes of the enterocytes (15). The low con-
centration of butyric acid found in our study after 24 hours of
fermentation has been related to reductions of Clostridium and
Enterobacteriaceae numbers. The main butyrate-producing bac-
terial groups found in human feces, as well as related to the
decrease of Faecalibacterium prausnitzii (Fpra655) populations
has been reported in a recent study (21) . However, the present
findings showed increases of Enterobacteriaceae for 24 hours of
fermentation. Furthermore, butyric acid production was not ob-
served in these mostly acidic cultures when pH values of fecal
cultures fall below 6.0 as indicated to occur by Walker et al. (22).
Likewise, many studies revealed that acetic acid is produced at
higher levels than propionic and butyric acids (23). Rossi et al.
(24) indicated that the presence of FOS and inulin highly affected
the production of SCFAs. Fermentation of FOS led to producing
acetic and lactic acids as the main fermentation end products,
while fermentation of inulin rose butyric acid level. Thus, because
of the previously reported data, we can report that the type of di-
etary components, their composition, polymerization degree and
intestinal microbiota pattern of infants, and the age of the infant
may greatly influence on the accumulated SCFAs.

Respecting the acetic acid/propionic acid ratio, Delzenne and
Kok (25) reported that its decreased could be suggested as a
possible marker of the hypolipidemic effect of prebiotics (as not-
ed by the inhibition of cholesterol and fatty acids biosynthesis in
the liver, which finally results in a decrease in lipid levels in the
blood).

It is well-known that the feeding pattern of the infant could
influence the predominant microflora (type, composition, and ac-
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tivity) in the infant’s gastrointestinal tract. The diet is the main
factor in modulating the gut microbiota. This effect is greatly
observed in the intestinal microflora pattern predominant in the
infant gut, where Bifidobacteria and Lactobacilli are predominant
in breast-fed infants gut (5), and breast human milk contains
several components with a prebiotic nature, such as HMOs. The
fermentation of this prebiotic can stimulate the selective growth
of Lactobacillus and Bifidobacteria species and the subsequent
production of SCFAs. Many published studies have shown that
acetic acid was the main fermentation end-product in infants
that received human milk while propionic and butyric acids were
the predominance metabolites in the gut of bottle-fed infants.
Various studies confirmed that the beneficial effect of prebiot-
ics added to infant formulas strongly influenced SCFAs pattern
providing a fecal SCFAs profile that is close to that of breast-fed
infants, with a high level of acetate and lower level of propionate
and butyrate (26).

In short, SCFAs (acetate, propionate, or butyrate), the main
end-products resulting from microbial fermentation of these indi-
gestible oligosaccharides, are well-known to possess beneficial
effects on the host. Enhanced SCFAs production and increased
delivery of these compounds in the distal colon, especially butyr-
ate, may have a role in preventing colon cancer and other intes-
tinal disorders (27). Furthermore, these metabolites can improve
mineral absorption by their role in decreasing the pH of colon
contents (15) leading to enhancement of the released iron from
its complex with proteins, thereby increasing its bioavailability
(15). Also, SCFAs possess beneficial effects on the intestinal
level, as they may stimulate the proliferation of epithelial cells,
thereby increasing the absorptive surface area in the colon. Like-
wise, prebiotics or their metabolites may create an environment
in the colon that promotes the reduction of Fe** to Fe** (28) .
It may stimulate the expression of iron regulatory genes, thereby
increasing iron absorption, such as calbindin-D9K, which posi-
tively affect Ca absorption and DMT1, hemochromatosis protein
(HFE), duodenal cytochrome b (Dcyth), and ferroprotein-1 which
positively influenced Fe absorption (29).

ANALYSIS OF MICROBIOTA DURING
FERMENTATION

Both ingredients, lactoferrin and GOS, could serve as a substrate
for microbiota, giving place to prebiotic effects (8). Different con-
centrations of rhLf did not produce significant increases in total
bacteria, what could be explained because of the effect of GOS. In
this sense, Rycroft et al. (13) showed little insignificant increases
in the total count after the use of GOS after five and 24 hours
of batch culture fermentations. Nevertheless, other researchers
showed significant increases in total bacteria after 24 hours of
batch culture fermentation using GOS as substrate (8).

Regarding Bacteroides, an increase in this bacterial group has
been related to beneficial effects on gut health, contributing to
the synthesis of different vitamins and reducing gut inflammation
(30). However, our results showed a decrease in this group from
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10 to 24 hours of fermentation, which are in agreement with other
authors that demonstrated that Bacteroides decreased after fer-
mentation (7) due to the fall of pH (5.5 or lower) (31). In addition,
Bacteroides could produce propionate using lactate as substrate,
which could explain the poor production of propionic acid shown
inour results (31).

As it has been previously mentioned in the case of total bacteria,
it could exist a relationship between increases in Enterobacteria,
SCFA production, and the addition of GOS to rhLf. At this point,
it is important to note that this heterogeneous family of bacteria
comprises a wide number of members of microorganisms, which
can remain as a commensal organism or produce enteric diseas-
es and dyshiosis (32). Therefore, the present results would indi-
cate increases in desirable bacterial groups through fermentation
of GOS and rhLf. However, the antimicrobial activity of lactoferrin
has been widely proved. Concretely, bacteriostatic and bacte-
ricide functions have been attributed to lactoferrin, which has
great implications for human health (2). These effects against a
great number of G+ and G- bacteria could be mediated through
the alteration of membrane permeability of bacteria or/and by
sequestering the iron needed for bacteria nutrition. Several stud-
ies have demonstrated the inhibitory effect of lactoferrin against
pathogens such as Escherichia coli and Listeria monocytogenes
(33). Nevertheless, the present results suggest that single lacto-
ferrin or GOS added to lactoferrin at different concentrations did
not inhibit the growth of Enterobacteria, maybe because a higher
amount of lactoferrin could be necessary to achieve the bacterio-
static/bactericide effect. In this sense, the oral administration of
bovine lactoferrin in obese mice modestly inhibited the growth of
these groups of bacteria (34). Regarding the effect of prebiotics,
such as GOS, on Enterobacteria’s growth culture fermentation
had proved that GOS stimulated the growth of E. coli after four
hours of fermentation, although this increase did not continue
over time (eight and 12 hours) (35). In vivo studies showed that
the administration of several dosages of GOS to human volun-
teers did not change the levels of lactose-fermenting enterobac-
teria on fecal samples (36). These contradictory results could be
due to differences in the experimental design, time of incubation,
prebiotic dose, and the complexity of the gut environment.

Some species of Enterococci are recognized as pathogens
although other members are related to antimicrobial activity
because of the production of bacteriocins. In this sense, some
members of the genus Enterococcus, such as E. faecium or E.
faecalis, have been studied because of their probiotic potential.
This probiotic effect has been demonstrated in the prevention
and/or treatment of irritable bowel syndrome and chronic in-
testinal diseases (37). Our results could suggest that GOS and
rhLf stimulated the growth of Enterococci over the fermentation.
In line with our results, both GOS and lactoferrin have shown
stimulants effects on the growth of Enterococcaceae. However,
other researchers did not show any dose-effect when GOS was
administered to human volunteers (36).

Regarding Bifidobacterium and Lactobacillus genera, our re-
sults showed an increase in both groups along fermentation.
A wide number of studies have proved the prebiotic effect of
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both GOS and lactoferrin. Specifically, Rycroft et al. (13) found
increases in the number of Bifidobacteria after five and 24 hours
of fermentation and lesser effect in other groups of bacteria. Li et
al. (38) demonstrated that GOS stimulated selectively the growth
of Bifidobacteria after 24 hours of fermentation using fresh hu-
man feces. Similarly, other authors demonstrated the growth of
Lactobacilli and Bifidobacteria after a batch culture fermentation
using GOS as substrate (35). Many researches have proved the
growth-promoting effect of lactoferrin on Bifidobacteria. The bi-
fidogenic effect could be mediated by peptides derived from lacto-
ferrin, bound iron, and sugar chains (4). For instance, in vivo stud-
ies have shown that the oral supplementation of bovine lactoferrin
to obese mice increased the number of Bifidobacterium spp. after
12 weeks of treatment, which suggested the prebiotic potency of
this protein (34). In addition, lactoferrin appears to modulate gut
microbiota, favoring the growth of Lactobacilli and Bifidobacteria
and decreasing the counts of pathogenic bacteria (39).

CONCLUSION

Despite the importance of the batch culture fermentation tech-
nique in uncovering the prebiotic activity of the food ingredients,
it is not useful for detecting the prebiotic nature of Lf due to its
nature as a protein. Thus, Lf maybe shows its prebiotic activity on
the gut microbiota through other mechanisms.
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