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Abstract

Small intestinal brush border membrane vesicles (BBMV) from pig were used to
evaluate the digestibility of different mixtures of galactooligosaccharides from lactose
(GOS), differing in the predominant glycosidic linkage, and from lactulose (OsLu).
Dissimilar hydrolysis rates were detected after BBMV digestion. Predominant glycosidic
linkages and monomeric composition showed to play a key role in the resistance to
intestinal mammalian digestive enzymes. f(1—3) GOS mixture was the most susceptible
to hydrolysis with 50.2 % of degradation after digestion, followed by f(1—4) with 34.9
% hydrolysis, whereas f(1—6) linkages showed to be highly resistant to digestion (27.1
%). Monomeric composition seems to provide a better resistance in S(1—6)
oligosaccharides from lactulose (22.8 %) as compared to f(1—6)-GOS (27.1 %). This
was also observed in f-galactosyl-fructoses and p-galactosyl-glucoses disaccharides
where the presence of fructose provided a higher resistance to digestion. Thus, the
resistance to small intestinal digestive enzymes highly depends on structural
characteristic and composition of prebiotic ingredients. Increasing knowledge on this
regard could contribute to the future synthesis of new tailored prebiotic with specific

functional properties.

Keywords: prebiotics, galactooligosaccharides, glycosidic linkages, in vitro digestion

model, small intestine.
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1. Introduction

Knowledge about the diversity of human microbiota and its relation to health has been
largely gathered during last years. Moreover, there is a clear evidence suggesting that our
microbiota is deeply implicated in a wide range of metabolic functions extending beyond
the gut', such as, the regulation of the central nervous system homeostasis through
immune, vagal and metabolic pathways *** or the prevention of bone and respiratory
diseases.”® One of the most used strategies to modulate the composition and metabolic

activity of microbiota is the use of prebiotics.’

Prebiotics definition refers to a “substrate that is selectively utilized by host
microorganisms conferring a health benefit”.® These compounds are characterized by the
resistance to the digestion and acid conditions in the upper gastrointestinal tract and the
ability to reach the colon without alteration in their structure.” To date, despite a
considerable number of compounds have been proposed as potential prebiotics, all well-
recognized prebiotics are carbohydrates, mainly inulin, fructooligosaccharides (FOS),
galactooligosaccharides (GOS) and lactulose. Among these, GOS have attracted growing
interest due to the presence of galactose-based oligosaccharides, similar to those in human

milk oligosaccharides (HMOs). !’

GOS are commonly obtained by enzymatic synthesis from lactose by f-galactosidases
and they are constituted by a complex mixture of galactoses linked by different linkages
p(1—-1), p(1-2), p(1—-3), f(1—4) and p(1—6) and can vary from 1 to 8 units and a
terminal glucose.!! Composition of the obtained GOS mixture is deeply affected by
several factors such as, the enzyme source, lactose concentration, substrate composition
and reaction conditions (temperature, time and pH).'”''!"* Galactooligosaccharides

derived from lactulose (OsLu) have been also proposed as emerging prebiotic compounds



64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

since they might provide better prebiotic properties than GOS.'*!! OsLu are obtained
similarly to GOS using lactulose as substrate and are constituted by galactose units, linked
by a variety of glycosidic linkages (#(1—6), f(1—1) and/or f(1—4)) determined by the

enzyme source, and a terminal fructose."”

The susceptibility of oligosaccharides to small intestinal digestion highly depends on
their structure, compromising their absorption and digestion fate.'® However, ever since
prebiotics were first defined, most of the investigations have been carried out focusing on
their effect on the gut microbiota composition and/or activity, and few efforts have been
made towards the study of the resistance of these compounds to digestion in the small
intestine. Moreover, the standardized official methods to determine the digestibility of
carbohydrates present several limitations and, for instance, they do not take into
consideration the disaccharidases that are present in the small intestinal brush border
membrane vesicles in mammals.!”'®!” Recently, the use of mammalian intestinal
enzymes has been reported as an excellent alternative method to determine carbohydrate

digestion.?*-?!%?

In vivo and in vitro studies have reported considerable digestion rates in the small

intestine of different types of GOS in rats’®->*!1424.25

questioning the general acceptance
that these compounds reach intact the colon. These authors also have reported a different
resistance to the upper gastrointestinal tract conditions as well as a different effect on
microbiota depending on the main S-linkage in the mixture. Thus, f(1—6) linkages have

been reported to be less prone to degradation by intestinal enzymes and to exert better

prebiotic effect as compared to other f-linkages.

Bearing that in mind, the aim of the present study was to evaluate the digestibility of

recognized prebiotics such as GOS, with predominant f(1—3), f(1—4) or p(1—6)
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linkages, as well as emerging prebiotic candidates derived from lactulose (OsLu, f(1—6))

using small intestinal brush border membrane vesicles from pig.

2. Materials and methods

2.1 Chemical and reagents

D-Galactose (Gal), D-glucose (Glc), sucrose (f-D-Fru(2—1)-a-D-Glc), trehalose (a-D-
Glc(1—1)-a-D-Gle), lactulose (S-D-Gal(1—4)-D-Fru), phenyl-fS-glucoside, o-nitrophenyl
(0-NP), p-nitrophenyl (p-NP), o-nitrophenyl-f-D-glucopyranoside (o-NPG) and p-
nitrophenyl-a-glucopyranoside (p-NPG) standards were obtained from Sigma-Aldrich
(St Louis, MO). Lactose (#-D-Gal(1—4)-D-Glc) was obtained from ACROS organics
(Geel, Belgium) and fructose was obtained from Fluka analytical (St. Gallen,

Switzerland). All standard carbohydrates were of analytical grade (purity > 95%).

Kluyveromyces marxianus cells were kindly provided by Professor Robert Rastall from
The University of Reading (United Kingdom). Nutritive medium (peptone, lactose and

yeast extract) were supplied by Sigma-Aldrich.

2.2 Small intestinal brush border membrane vesicles (BBMV) preparation

Small intestinal brush border vesicles from six post-weaned pigs (7-10 months old)
were obtained following methodology previously reported.”®?* Briefly, three pig small
intestines, from the duodenum to the ileum, were obtained from a local slaughterhouse
(Coca, Segovia, Spain). Immediately after sacrifice, the samples were kept at 4 °C and
transferred to the laboratory in less than 2 h. The small intestines were rinsed with cold

phosphate buffered saline solution (PBS) (pH 7.3 — Oxoid; Basingstoke, UK), then slit
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open and scrapped with a glass slide. The mucose scrapped was suspended (1:1, w/v) in
50 mM mannitol dissolved in PBS at 4 °C, homogenized during 10 min using a Ultra-
Turrax® (IKA T18 Basic), adjusted with CaCl: to a final concentration of 10 mM and
centrifuged at 3,000 g during 30 min. The supernatant was centrifuged at 27,000 g during
40 min and the resulting pellet, containing the BBMV, was re-suspended in buffer maleate
(50 mM) pH 6.0 containing CaCl2 (2 mM) and sodium azide (0.02%). Samples were

lyophilized and kept at -80°C.

2.3 Prebiotic oligosaccharides

OsLu were obtained at pilot plant scale by Innaves S.A. (Vigo, Spain) following the
method described by Lopez-Sanz et al. (2015).?” Briefly, OsLu were synthesized using a
commercial lactulose preparation (670 g/L; Duphalac, Abbott Biologicals B.V., Olst, The
Netherlands), and a commercial preparation including f-galactosidase from Aspergillus
oryzae (16 U/mL; Sigma) at pH 6.5, 50 °C and 350 rpm during 24 h. In addition, three
different commercially available GOS mixtures with predominant f(1—3) linkages GOS
(named GOS-1), predominant f(1—4) linkages GOS (named GOS-2) and predominant

S(1—6) GOS (named GOS-3), were tested.

2.3.1 Prebiotic oligosaccharides purification
Presence of low molecular weight of high glycaemic index is common in this type of
oligosaccharide mixture. Purification of prebiotic compounds was carried out by yeast

treatment with K. marxianus.

K. marxianus cells were growth in YPD (1 % (w/v) yeast extract, 2 % peptone and 2
% lactose) (500 mL) at 37 °C during 48 h. Samples were then centrifuged at 4,000 g for

10 min and washed three times on PBS (500 mL), supernatant was discarded, and washed
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samples were taken to incubation. Twenty-five mL of prebiotic ingredients (10% in PBS)
and K. marxianus yeast (equivalent to 25 mL YPD) were incubated at 37 °C for 48 h.
Samples were then centrifuged at 4,000 xg for 20 min, filtered by 0.2 um and then
lyophilized and kept at -20°C until analysis. Purification process was carried out three
times for each sample (n=3) and monitored by GC-FID as explained below. GOS-1
mixture after yeast treatment was mainly constituted by 10% monosaccharides, 34.2%
lactose, 22.4% disaccharides and 32.4% trisaccharides (w:w). GOS-2 composition was
0.6% monosaccharides, 1.8% lactose, 4.1% disaccharides, 77.1% trisaccharides and
16.4% tetrasaccharides (w:w). GOS-3 composition was 1.8% monosaccharides, 25.1%
lactose, 26.8% disaccharides and 46.3% trisaccharides (w:w). OsLu was constituted by
7.8% monosaccharides, 49.3% lactulose 28.8% disaccharides and 14.1% trisaccharides

(W:w).

2.4 Small Intestinal BBMV characterization
Pig small intestinal BBMV (10 mg/mL) was homogenized in ice-cold 0.05 M sodium
phosphate buffer solution and then centrifuged at 6,000 xg for 15 min. Supernatant was

used as enzyme solution for determining protein content and enzymatic activity.

2.4.1 Protein content determination
Total protein content of the pig small intestinal BBMV was quantified according
to the Bradford method”®, using the Bio-Rad Protein Assay kit and bovine serum albumin

as a standard. The absorbance was monitored at 595 nm.

2.4.2  Hydrolytic activities

2.4.2.1 p-galactosidase and maltase activities

The determination of the pig intestinal f-galactosidase activity was adapted from
Warmerdam et al. (2014).%° Briefly, a solution of 0-NPG (0.5 mg/mL) in phosphate buffer

7
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0.05 M, pH 7.0 was prepared. The enzymatic activity was determined by incubating 1,900
pL of the 0-NPG solution and 100 pL of enzyme solution from BBMV for 2 h at 37 °C.
The method is based on the measurement of the continuous release of 0-NP from o-NPG.
The absorbance of released o-NP was measured at 420 nm every 30 s using a
spectrophotometer (Specord Plus, Analytik Jena) together with a temperature controller
(Jumo dTRON 308, Jumo Instrument Co.). The specific enzymatic activity (U) was
expressed in umol min~! g~!, where one unit was defined as the amount of enzyme that
produced 1 umol of 0-NP in one min of reaction (n = 3). Similar procedure was used to
determine the maltase activity by using a solution of p-NPG in phosphate buffer 0.05 M,

pH 6.8 (0.05% w/w) and monitoring the release of p-NP at 420 nm every 20 s (n = 3).

2.4.2.2  Sucrose and trehalase activities

Sucrase and trehalase activities were determined following a method described in
a previous work.”> A solution of sucrose or trehalose (0.5% w/v) in sodium phosphate
buffer 0.05 M, pH 6.5 was used. An eppendorf tube with 500 pL of sucrose or trehalose
solution was preheated at the reaction temperature, 37 °C. Subsequently, 200 pL of
enzyme solution was added and the mixture was incubated for 2 h and different aliquots
were taken at different times (5, 10, 15, 30, 60, 90 and 120 min). Hydrolysis was stopped
by adding 700 pL of a 3,5- dinitrosalicylic acid (DNS) solution. Sucrase and trehalase
activity were determined measuring the reducing sugars released from the corresponding
disaccharide hydrolysis at 540 nm, according to the DNS method.”’ The specific
enzymatic activity (U) was expressed in umol min~! g~!, where one unit was defined as
the amount of enzyme that produced 1 umol of reducing sugars in one min of reaction (n

= 3).
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2.5 In vitro digestion of prebiotic compounds with BBMV
The digestibility of three different types of GOS, OsLu and lactose and lactulose was

evaluated using BBMV.

First, a solution of BBMV (10 mg/mL) in PBS solution, 6.8 pH, was prepared. Then,
prebiotic or disaccharides samples were added at a concentration of 0.2 mg/mL and
digestion was carried out at 37 °C during 5 h using 750 rpm in an orbital Thermomixer
comfort (Eppendorf®). Aliquots were taken at 0, 1, 2, 3, 4 and 5 h of digestion and

immediately heated in boiling water for 5 min to stop the reaction.

Furthermore, incubation of BBMV without any carbohydrate source was also analyzed.
Results showed quantifiable amounts of glucose as the digestion proceeded. These values
were conveniently withdrawn to avoid any overestimation of the monosaccharide

fraction.

2.6 Carbohydrates quantification by GC-FID

Carbohydrates present in the samples and digested mixtures were analysed as
trimethylsilylated oximes (TMSO) by gas chromatography coupled to ionization flame
detector (GC-FID) following the method of Brobst & Lott Jr, (1966).%! First, 500 uL of
samples (0.1 mg carbohydrates) was added to 500 uL of phenyl-f-glucoside (Internal
Standard, IS) and the mixture was dried in a rotary evaporator (Biichi Labortechnik AG,
Flawil, Switzerland). TMSO derivatives were formed by adding 250 uL of
hydroxylamine chloride in pyridine (2.5% w/v) and heating the mixture at 70 °C for 30
min, followed by the addition of hexamethyldisilazane (250 uL) and trifluoroacetic acid
(25 uL) and incubated at 50 °C for 30 min. Mixtures were centrifuged at 6,700 g for 2

min and supernatants were injected in the GC-FID.
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TMSO derivatives were separated using a fused silica capillary column DB-5HT (5%-
phenyl-methylpolysiloxane; 30m x 0.25mm x 0.10um, Agilent). Nitrogen at 1 mL/min
was used as carrier gas. Injector and detector temperatures were set at 280 and 385 °C,
respectively. The oven temperature was set from 150 °C to 380 °C at a ratio of 3 °C/min.
Data acquisition and integration were done using Agilent ChemStation software
(Wilmington, DE, USA). Response factors were calculated after duplicate analysis of
standard solutions (fructose, glucose, galactose, lactose, lactulose and raffinose) over the

expected concentration range in samples, (0.005—1 mg) and IS (0.25 mg).

2.7 Statistical Analysis

Statistical analysis was carried out using SPSS for Windows, version 23.0. One-way
analysis of variance (ANOVA) and Tukey’s post hoc test was used to determine
significant differences (p < 0.05) between concentrations of carbohydrates in each

prebiotic sample (n=3).
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3. Results and Discussion

Monosaccharides are the major impurities in GOS obtainment, therefore, removal of
these compounds is recommended due to, mainly, their undesirable caloric value.'®
Furthermore, inhibition of p-galactosidase by glucose and galactose in
transgalactosylation and hydrolysis reaction of carbohydrates was reported.’> Among the
different purification strategies to remove these compounds, selective fermentation with
K. marxianus has been proposed as a sound technology being amenable for scale-up at

industrial level.****

3.1 BBMV enzymatic characterization

The brush border of the mammalian intestinal mucosa contains several key enzymes
present as multienzyme complexes, i.e. sucrase-isomaltase, lactase-phlorizin hydrolase,
maltase-glucoamylase and trehalase.> Accordingly, it is well reported the presence of
those carbohydrases in the brush border of the intestinal mucosa of pig.*****’ Table 1
shows the protein content and main enzymatic activities (f-galactosidase, maltase,
sucrase and trehalase) of BBMV measured under the assayed digestion conditions.
Maltase activity (753.1 U/g) was the highest with ten-fold higher values than the other
measured activities. Likewise, f-galactosidase (70.1 = 1.4 U/g) showed the second
highest activity in the substrate whereas trehalase (21.4 + 7.6 U/g) and sucrase (19.9 +
2.2 U/g) presented statistically similar values. To date, some studies have characterized

the carbohydrase activities of small intestinal enzymes in pigs,*®/-%%?

showing a clear
predominance of maltase activity as compared to other activities, which agrees with the

data obtained in this work.
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3.2 Digestion of prebiotic carbohydrates by BBMV

Figure 1 shows GC-FID profiles of oligosaccharides before and after Sh of digestion
with BBMV. Differences were observed between the three GOS mixtures profiles, 1,4-
galactobiose ($-Gal-(1—4)-Gal) and 1,6-galactobiose (5-Gal-(1—6)-Gal) were identified
as peaks 2 and 5, respectively in all samples. (f-Gal-(1—3)-Glc) and allolactose (5-Gal-
(1—6)-Glc) isomers of lactose were also detected in all samples as peak 3 and peak 4,
respectively. Further structural differences were found in the trisaccharides fraction. f-
1,4-galactosyl-lactose (f-Gal-(1—4)-$-Gal-(1—4)-Glc, peak 6) was detected in all
samples, f-1,6-galactosyl-lactose (f-Gal-(1—6)--Gal-(1—4)-Glc, peak 8) was detected
in GOS-2 and GOS-3 samples and f-1,3-galactosyl-lactose (5-Gal-(1—3)-4-Gal-(1—4)-
Glc, peak 7) was only detected in GOS-1 mixture. Tetrasaccharides were also detected in
GOS-2 mixture (data not shown) and this fraction was mainly constituted by f-Gal-
(1—-4)-p-Gal-(1—4)--Gal-(1—4)-Glc and other tetrasaccharides not identified in this

WOI'k.40’l 1,41

OsLu mixture was constituted by f(1—6) as the main glycosidic linkage and mostly
by galactosyl galactoses (Gal-Gal) and galactosyl fructoses (Gal-Fru). S-(1—6)-
galactosyl-lactulose ($-Gal-(1—6)--Gal-(1—4)-Fru) was identified as the main
trisaccharide in the sample. In general, all assessed GOS and OsLu showed a diminution
after the BBMV digestion, although considerable differences among all studied samples

were observed. .

Tables 2 and 3 show the quantitative determination of individual carbohydrates in
GOS and OsLu during digestion, respectively. A progressive increase in the level of
monosaccharides was found in all samples as digestion proceeded, which was
concomitant with the decrease in di- and trisaccharide fractions. Digestion of standard

12
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solutions of lactose or lactulose with BBMV is also shown for comparative purposes. As
expected, lactose was much more prone to degradation than lactulose due to the presence
of fructose instead of glucose in the B-linkage of the latter.*” Lactose degradation in GOS
samples was remarkably lower (50 - 68 %) when compared to the standard solution (97
%) (Table 1S, Supplementary Information), probably due to the fact that the
degradation of particular GOS trisaccharides or tetrasaccharides could revert released
lactose, as well as to the presence of other carbohydrates in the GOS mixtures which
might mitigate the straightforward digestion of lactose when is present alone. Regarding
lactulose digestion, the standard solution showed a slight lower hydrolysis than that
observed for lactulose present in OsLu (29.5 and 32.8 %, respectively, after 5 h of
digestion). Similar behaviour was obtained in a previous work comparing the digestibility

of prebiotics added to milk in an in vitro study with a rat extract.”’

Concerning disaccharides degradation, S-Gal-(1—3)-Glc and p-Gal-(1—6)-Glc
(allolactose) exhibited a slight decrease in their content after the BBMV digestion.
Allolactose (f(1—6)) was the most resistant to hydrolysis when compared to lactose
(f(1—4)) and p(1—3) structures. In this regard, it has been previously reported the high
resistance of allolactose to intestinal mucosa with less than 5% of hydrolysis compared
with lactose in an in vitro human assay* and in an in vivo study with rats.'* Concerning
galactosyl galactoses, none of these carbohydrates provided any noticeable change,
indicating their stability during the digestion with BBMV. Indeed, an increase of these
compounds was found in some samples. Concretely, GOS-2 mixture showed an increase
of 4’ and 6’-galactosyl galactose, respectively, suggesting the possible breakdown of the
S(1—4) linkage of the terminal glucose in their trisaccharide fraction. Regarding OsLu

disaccharides, high resistance of galactosyl galactoses was also observed. Scarce
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hydrolysis of galactosyl-fructoses was found, with f(1—6)-galactosyl-fructose linkages
as the lowest decrease among all determined disaccharides (Table 3). According to

Hernandez-Hernandez et al.'*

it is plausible that, in a similar way to lactulose, other
galactosyl-fructoses can be highly resistant to digestion within the mammalian small
intestinal system. In line with our results, Julio-Gonzalez et al. (2019)* have recently

reported the potential higher resistance to mammalian digestion of galactosyl-galactoses

than galactosyl-glucoses.

Regarding trisaccharides fraction, Table 2 data shows that f(1—3)-galactosyl-lactose
in GOS-1 exhibited a higher hydrolysis than f(1—4)-galactosyl-lactose in GOS-2 and
P(1—6)-galactosyl-lactose in GOS-3. However, to get more insight in the effect on
linkage on trisaccharides fraction, Table 4 shows the hydrolysis degree of each different
linkage trisaccharide present in all samples. In addition, the slope of the representation of
hydrolysis degree (%) vs time (h), which could be considered as the hydrolysis rate, can
also be seen. By considering a standard intestinal digestion time of 2 h, the hydrolysis
degree of trisaccharides showed f(1—3)-galactosyl-lactose (hydrolysis rate of 21.9% as
determined in GOS-1) to be more prone to degradation by intestinal enzymes followed
by p(1—4)-galactosyl-lactose (7.8-17.4%), whereas f(1—6)-galactosyl-lactose (5.0-
7.1%) and p(1—6)-galactosyl-lactulose (4.9%) showed the highest resistance to

hydrolysis.

Concerning oligosaccharides as a whole (that is, the sum of di, tri and
tetrasaccharides), in general GOS-3 and OsLu demonstrated to be the most resistant to
intestinal degradation (Figure 2, Table 1S, Supplementary Information), where the
presence of fructose at the reducing end of molecules provides OsLu a slight better
resistance to digestion with 22.8 % against 27.1 % of hydrolysis for GOS-3 after 5 h

14
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(Figure 2C). Furthermore, hydrolysis rate for GOS-3 and OsLu (Table 5) showed a lower
degradation for OsLu as compared to GOS-3 after 2 and 5 h of digestion. GOS-2
oligosaccharides mixture was slightly more prone to degradation with a higher hydrolysis
rate after the BBMV digestion whereas GOS-1 oligosaccharides mixture exhibited the
highest degree of hydrolysis with 50.1 % degradation and the highest hydrolysis rate after
2h (12.3) and 5 h (9.6) of treatment with BBMV from pig small intestine as compared to

the other samples.

In this sense, a recent work highlighted the utility of a similar BBMV from pig small
intestine to produce prebiotic GOS, and have revealed that BBMV preferably synthesizes
GOS linked by f(1—3) bonds, finding p-Gal-(1—3)-4-Gal-(1—4)-Glc as the main
trisaccharide after comprehensive NMR analysis.** This study also pointed out no
presence of f-Gal-(1—6)-f-Gal-(1—4)-Glc, whereas the p-Gal-(1—4)-4-Gal-(1—4)-Glc
trisaccharide was present but only at trace amounts. These findings support the data
obtained in the current work since the most abundant glycosidic linkages, formed when
mammalian intestinal [-galactosidase act as transgalactosidase, are expected to be

preferentially broken under hydrolytic conditions.

In the other hand, regarding monosaccharides release, galactose amounts were higher
compared to glucose release, in accordance to the composition of the main
oligosaccharides in the samples. Table 2 showed that the highest hydrolysis of GOS-1
oligosaccharides produced a higher release of total monosaccharides (62 mg/100 mg of
total carbohydrates) after 5 h of digestion as compared to GOS-2, GOS-3 and OsLu (34.6,
38.9 and 33.8 mg/100 mg total carbohydrates, respectively). In this sense, the highest
resistance of galactobioses and galactosyl-fructoses could affect positively to regulate the

caloric intake and diminish the possible absorption of free monosaccharides in the small
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intestine, highlighting the key role of the monomer composition and type of glycosidic

linkage in prebiotic oligosaccharide samples.

In this sense, results obtained in this work have demonstrated that the use of small
intestinal BBMV from pig is a reliable and useful strategy to evaluate prebiotic
carbohydrate digestibility. Intestinal in vitro digestion with BBMV revealed the
degradation of recognized prebiotics such as lactulose, different mixtures of GOS and an
emerging prebiotic OsLu at considerably dissimilar levels. Our findings have revealed a
stronger resistance of S(1—6) linkages oligosaccharides to in vitro digestion when
compared to f(1—4) and f(1—3) linkages GOS. In general, 5(1—3) followed by f(1—4)
linkages were more prone to small intestinal degradation using BBMV. This less
resistance to intestinal digestion was also found for galactosyl-glucose disaccharides as
compared to galactosyl-galactoses (galactobioses). The key role of monomer composition
was also underlined by the presence of fructose in OsLu mixture, providing, thus, a higher
resistance to digestion of galactosyl-fructoses. Findings described in this work could be
extrapolated to humans providing evidence on the structure-function relationship, as well
as an increase on the knowledge of the different resistance of f-linkages for the sake of a
future potential development of new tailored prebiotics. Moreover, the observed
hydrolysis with mammalian small intestinal enzymes of recognized prebiotics could
challenge the general belief that these compounds reach the colon without any alterations
in their structure. More investigation should be done in order to gain more insight in the

concept of prebiotics’ digestibility.
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