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ABSTRACT: This study was conducted to investigate the sweetness intensity and the potential fecal microbiome modulation of
galactooligosaccharides in combination with enzymatically modified mogrosides (mMV-GOS), both generated through a patented
single-pot synthesis. Sweetness intensity was performed in vivo by trained sensory panelists. The impact on the human fecal
microbiome was evaluated by in vitro pH-controlled batch fermentation, and bacterial populations and organic acid concentrations
were measured by qPCR and GC-FID, respectively. Significant growth (p ≤ 0.05) during the fermentation at 10 h of bacterial
populations includes Bif idobacterium (8.49 ± 0.44 CFU/mL), Bacteroides (9.73 ± 0.32 CFU/mL), Enterococcus (8.17 ± 0.42 CFU/
mL), and Clostridium coccoides (6.15 ± 0.11 CFU/mL) as compared to the negative control counts for each bacterial group (7.94 ±
0.27, 7.84 ± 1.11, 7.52 ± 0.37, and 5.81 ± 0.08 CFU/mL, respectively) at the same time of fermentation. Likewise, the
corresponding significant increase in production of SCFA in mMV-GOS at 10 h of fermentation, mainly seen in acetate (20.32 ±
2.56 mM) and propionate (9.49 ± 1.44 mM) production compared to a negative control at the same time (8.15 ± 1.97 and 1.86 ±
0.24 mM), is in line with a positive control (short-chain fructooligosaccharides; 46.74 ± 12.13 and 6.51 ± 1.91 mM, respectively)
revealing a selective fermentation. In conclusion, these substrates could be considered as novel candidate prebiotic sweeteners,
foreseeing a feasible and innovative approach targeting the sucrose content reduction in food. This new ingredient could provide
health benefits when evaluated in human studies by combining sweetness and prebiotic fiber functionality.
KEYWORDS: Siraitia grosvenorii, GOS, functional food, probiotic, sugar substitute

■ INTRODUCTION
The Food and Agriculture Organization of the United Nations
(FAO) and the World Health Organization (WHO) describe
carbohydrates as a major source of energy provided in the
human diet, accounting for between 40 and 80% of the total
energy requirements.1 Since the 1970s, specific health claims
and recommendations have been steadily made around the
world regarding the daily intake of dietary fibers due to the
health benefits they provide.2 On the other hand, there is a
growing concern about the global rise in diet-related health
issues caused by excessive consumption of nutrients (mainly
free sugars and fats), leading to imbalanced energy homeostasis
and, consequently, the development of cardiovascular diseases,
diabetes, gastrointestinal infections, obesity, and some forms of
cancers, among others.3−5 The potential link between these
diseases and the high intake of free sugars has been known for
many years. Concerned over the potential adverse con-
sequences, in 2015, several public health policies from the
WHO, the Scientific Advisory Committee on Nutrition
(SACN), and the Dietary Guidelines Advisory Committee
(DGAC) recommended reducing the consumption of sugar to
less than 5−10% of the total energy intake.6−8
Among the health benefits of dietary fibers, laxation,

improvement of blood lipids, blood glucose regulation or
mineral absorption, and the modulation of the immune system
and satiety have long been appreciated.9 However, within the

dietary fiber classification, certain nondigestible carbohydrates
have attracted particular interest from the food industry as they
play a positive effect on health such as prebiotics. Currently,
prebiotic is defined as “a substrate that is selectively utilized by
host microorganisms conferring a health benefit.”10 Galactoo-
ligosaccharides (GOS) are among the most commonly used
prebiotics known to promote the growth of beneficial
microorganisms, mainly intestinal lactobacilli and bifidobac-
teria, which can induce microbial competition and reduce the
population of nonbeneficial intestinal microbiota.11,12 GOS are
commercially available prebiotics, with a low calorific value,
and are reported to be capable of promoting satiety and
reducing food intake,13 as well as having clinical applications,
including treatment of constipation and irritable bowel
syndrome (IBS), prevention of atopic disease and gastro-
intestinal infections, or modulating mood and the stress
response, among others.14 However, their sweetness properties
are not suitable to be fully used as sucrose substitutes since one
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of the predominant factors contributing to sweetness is the
degree of polymerization (DP) of carbohydrates which is
inversely proportional. This means that the sweetness
decreases with the increasing length of the oligosaccharide
chain.15,16

As a result of the aforementioned diet-related health
problems, there is a growing interest in the use of natural
low and noncaloric sweeteners in food to reduce the free sugar
intake. Among all of the recognized sweeteners, a natural-based
extract from luo han guo fruit (Siraitia grosvenorii), formed by
cucurbitane-type triterpenoid saponins known as mogrosides
(mainly mogroside V), has gained the attention of consumers
and the industrial sector. Mogroside V could be a potential
candidate for replacing sugars; it is 200−300 times sweeter
than sucrose. However, one of the main organoleptic issues
with these compounds is the presence of off-flavors, such as
bitterness and metallic side taste.17−19 It has been noted that
the enzymatic glycosylation of these terpenoids could improve
their taste profile.20,21 Even when glycosylation improves the
taste, the relative sweetness value is still high. Therefore, these
products are still considered as high-intensity sweeteners
(HIS) with the concomitant lack of bulk properties. Taking
this into account, an approach that would utilize dietary fibers,
more specifically, prebiotics in combination with natural HIS,
could overcome these challenges since prebiotics are
considered as bulking agents in food industry, while enriching
the nutritional value and health functionality associated with
these ingredients.10,22 On the other hand, it is important to
bear in mind sugar guidelines such as the American Heart
Association (AHA) guideline, which stated a limit of added
sugar intake of 25 g per day for women and 36 g per day for
men.23 Assuming that prebiotic-based component doses of 2−
15 g per day were described to exert a prebiotic benefit to
health,24 the use of a prebiotic ingredient as a sugar substitute
would perfectly fit into the requirements for either exerting a
prebiotic effect or complying with the recommended
minimization of sugar calories.
Therefore, this work will look at the hypothesis that the

synthesis of a new sweetener based on galactooligosaccharides
and enzymatically modified mogrosides could provide enough
prebiotic and sweetness properties to be considered as a
promising low-calorie and functional ingredient with a high
consumers’ acceptance. The results included in this work have
been derived from a patented technology based on the one-pot
enzymatic synthesis of modified mogroside V and GOS
recently described,25 highlighting their novelty and scientific
relevance. The synthesis is mediated by fungal β-galactosidases
in the presence of lactose and mogroside V, which results in a
mixture of GOS, deglycosylated and galactosylated mogroside
V, and glucose and galactose, which are subsequently
eliminated to decrease the caloric value of the final product.
The main objective of this work was to evaluate the effect of

the enzymatically modified mogroside extract and GOS,
obtained via a one-pot technology, on the human fecal
microbiota and the sweetness value by determining the sucrose
equivalent percentage.

■ MATERIALS AND METHODS
Chemicals. The high-purity mogroside V (≥98%) standard was

purchased from Biosynth Carbosynth (Reading, U.K.). Acetonitrile
(MS grade) and formic acid (MS grade) were obtained from Sigma-
Aldrich (St. Louis). Positive control samples such as short-chain
fructooligosaccharides (scFOS; 95% purity) from FUJIFILM Wako

Chemicals (Germany) and synthesized GOS (Optibiotix Health Plc,
York, U.K.) were used. White granulated sugar (Tate and Lyle,
London, U.K.) and water (Harrogate Spa mineral water) for sensory
analysis were purchased from local supermarkets in Reading (U.K.).
Commercial organic acids were purchased from Sigma-Aldrich
(U.K.). All of the other reagents were obtained from Sigma-Aldrich
(St. Louis) and Thermo Fisher Scientific (San Jose) and were
analytical grade.
Test Samples. Modified mogroside V (mMV-GOS) was obtained

from Optibiotix Health plc (York, U.K.). According to the
manufacturer, mMV-GOS has been obtained by the enzymatic
synthesis of GOS by β-galactosidases in the presence of lactose and
mogroside V.25 The product contains 0.2% (w:w) of total mogrosides
and GOS ≥ 95%. The sample does not contain mono- or
disaccharides as determined by gas chromatography with flame-
ionization detection (GC-FID).26

In this study, the nonmodified mogroside extract mainly obtained
from mogroside V (MV) was also included in the fermentation study.
Structural Characterization by MALDI-TOF MS Analysis.

Matrix-assisted laser desorption ionization time-of-flight spectra were
obtained using a Voyager-DE PRO mass spectrometer (Applied
Biosystems, Foster City) operating in linear mode. Positive ions were
extracted with an accelerating voltage of 25 kV and a delay time of
400 ns. Grid and guidewire voltages were set to 94 and 0.075%,
respectively. Mass spectra were recorded in the range of m/z 500−
4000, detecting glycosylated species as [M + Na]+.
Samples were diluted 100-fold with water and mixed with the

matrix solution (2,5-dihydroxybenzoic acid at 10 mg/mL in water) in
an approximate ratio of 1:3 (v:v). One microliter of this solution was
spotted onto a flat stainless-steel sample plate and dried in air before
analysis. Mass spectra were calibrated externally using the average [M
+ H]+ values of the constituents of the calibration mixtures 1 and 2
(Sequazyme Peptide Mass Standards Kits, Applied Biosystems).

In Vitro Batch-Culture Fermentations. In vitro fermentations
were carried out using human fecal microbiota collected from four
healthy donors (two males and two females, aged 26−36 years) with
no preceding history of metabolic or gastrointestinal disorders and
who had not taken prebiotics or probiotics for 1 month nor antibiotics
within 6 months before the study. Fecal slurries were prepared at 10%
(w:v) with sterilized phosphate-buffered saline (PBS; 0.1 M, pH 7.4,
Oxoid, Basingstoke, U.K.) and homogenized in a stomacher
(Stomacher 400, Seward, U.K.) at normal speed for 2 min.
Microscale, sterile-stirred batch-culture fermentation systems (20

mL of working volume) were aseptically filled with 17 mL of sterile,
nutrient basal medium containing 2 g/L peptone water, 2 g/L yeast
extract, 0.1 g/L NaCl, 0.04 g/L K2HPO4, 0.04 g/L KH2PO4, 0.01 g/L
MgSO4·7H2O, 0.01 g/L CaCl2·6H2O, 1 g/L NaHCO3, 0.5 g/L L-
cysteine hydrochloride, 0.5 g/L bile salts, 0.05 g/L hemin, 10 μL/L
vitamin K, 2 mL/L Tween 80, and 4 mL/L resazurin (0.025%, w:v).
Before incubation, vessels were gassed overnight with oxygen-free N2
to obtain anaerobic conditions. Carbohydrate substrates were diluted
in basal medium (1%, w:v) and filter-sterilized (0.22 μm) and finally
added to the corresponding vessels. Nonmodified natural sweeteners
were also tested (0.2%, w:v; MV), and fructooligosaccharides (1%,
w:v) were used as the positive control. Briefly, 2 mL of fecal inoculum
(1:10) was added to each vessel. Negative control cultures consisted
of basal medium and inoculum. Fermenters were continually stirred,
and the temperature was maintained at 37 °C using a circulating water
bath. Culture pH was kept within a range of 6.7 and 6.9 using
automated pH controllers to adjust with the addition of NaOH (0.5
M) and HCl (0.5 M) as required (FerMac 260; Electrolab, U.K.).
Fermentations were run for a period of 24 h, and samples (2 mL)
were obtained from each vessel after 10 and 24 h of fermentation. The
samples corresponding to 0 h were only taken from the vessel
equivalent to the negative control sample for each donor. Samples
collected were centrifuged at 13,000g for 10 min to sediment bacteria
and other particles and were stored at −20 °C.
Bacterial Analyses. Bacterial population was quantified by real-

time PCR using the estimation of viable bacteria determined by the
colony-forming unit (CFU) of each strain (Table 1).27

Journal of Agricultural and Food Chemistry pubs.acs.org/JAFC Article

https://doi.org/10.1021/acs.jafc.2c01363
J. Agric. Food Chem. 2022, 70, 9048−9056

9049

pubs.acs.org/JAFC?ref=pdf
https://doi.org/10.1021/acs.jafc.2c01363?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


DNA Extraction. Genomic DNA was extracted from both the
pellet (1 mL) of the collected samples from the fermenters and the
pure bacterial cultures. Pure bacterial cultures were used to build the
corresponding calibration curve (Ct vs CFU/mL). DNA extraction
was performed with a NZY Tissue gDNA Isolation kit (NZYTech,
Portugal) by adapting the instructions of the manufacturer. The DNA
purity and yield were determined by photometry using a NanoDrop
(Thermo Scientific NanoDrop OneC). Extracted DNAs were stored
at −20 °C until analysis.
Real-Time PCR Assays. The quantification of the bacterial

populations in fecal batch cultures was determined by quantitative
real-time PCR of 16S rDNA of targeted bacteria. Table 1 summarizes
the oligonucleotide sequences used in the present study and their
microbial targets. For each amplification system, the annealing
temperature was empirically determined in the laboratory using the
respective DNA template isolated from pure cultures from the
following species: Escherichia coli DSM-6897 (for all bacteria and
Enterobacteriaceae), Lactobacillus plantarum CECT-220 (for Lactoba-
cillus), Enterococcus faecium CECT-410 (for Enterococcus), Bacteroides
xylanisolvens DSM-23964 (for the Bacteroides group Bacteroides −
Prevotella − Porphyromonas), Blautia coccoides (for the Clostridium
coccoides group), Bifidobacterium bifidum DSM-20456 (for Bif idobac-
terium), and Atopobium minutum DSM-20585 (for the Atopobium
cluster). The primers were commercially synthesized by Eurofins
Genomics (Ebersberg, Germany) and Invitrogen Thermo Fisher
Scientific (Madrid, Spain).
DNA amplification was performed in 20 μL using a NZY qPCR

Green Master Mix (2x) (NZYTech, Portugal) and 0.7 μM of each
primer. The reaction was carried out in 384-well optical plates with
adhesive sealing and with a ViiA 7 Real-Time PCR System (Applied
Biosystems). The thermal cycling program consisted of an initial cycle
at 95 °C for 3 min; 40 cycles at 95 °C for 5 s and 60 or 78 °C (Table
1) for 30 s; and finally, two cycles at 95 °C for 15 s.
For the quantification of the target genus or group, the respective

standard curve was generated by plotting the Ct values and the
corresponding bacterial count (CFU/mL). The bacterial count was
determined by extracting the DNA of pure cultures (108 CFU/mL),
followed by five 10-fold dilutions and were logarithmized to fit a
normal distribution.
Organic Acid Analysis. Supernatants collected from the

centrifuged batch-culture fermented samples were prepared to be
analyzed by GC-FID based on the method described by Richardson et
al.28 A volume of 50 μL of 2-ethylbutyric acid (0.1 M) was added as
an internal standard (IS) to 1 mL of a sample. Organic acids were
extracted by adding 500 μL of concentrated HCl and 2 mL of diethyl
and mixing for 1 min. Samples were centrifuged for 10 min at 2000g,

and 400 μL of the resulting upper layer (ether layer) was transferred
to a GC-capped vial and 50 μL of N-(tert-butyldimethysilyl)-N-
methyltrifluoroacetamine (MTBSTFA) was added. The reaction
mixture was left for 72 h at room temperature to ensure full
derivatization.
Sample injection was carried out in split mode (100:1) using

helium as a carrier gas at a 1.7 mL/min flow rate. The gas
chromatograph (Agilent/HP 5890) was equipped with an HP-5MS
column (30 m × 0.25 mm) with a 0.25 μm coating (crosslinked (5%-
phenyl)-methylpolysiloxane, Hewlett Packard, U.K.). The oven
temperature was set with a thermal ramp from 63 °C to 190 °C at
a heating rate of 15 °C/min and kept constant for 3 min, and the
injector and detector were set at 275 °C. Quantification of lactic acid
and other SCFA in the chromatograms was performed using the
Agilent ChemStation software (Wilmington, DE) based on the
retention times of the respective commercial standards (lactic acid,
acetic acid, propionic acid, and butyric acid) ranging between 0.1 and
10 mM.
Sensory Sweetness Assessment. The sensory analysis was

carried out at the Sensory Science Center (Department of Food and
Nutritional Sciences, University of Reading, U.K.). The analysis was
performed in an air-conditioned (23−24 °C, room temperature)
sensory laboratory with individual booths and artificial daylight. The
assessment of the sweetness intensity was carried out by a screened
and trained sensory panel, which consisted of 10 panelists with
between 6 months and 9 years of experience.
The sample of mMV-GOS was assessed for sweetness on a

structured line scale against four sucrose standards (0.5, 1.0, 2.0, and
2.6% (w:v)). The average panel ratings for these standards were 10,
35, 75, and 100, respectively, and hence, these four positions were
used as anchors to provide a structured scale on which to rate the test
sample. The samples were tested in duplicate in two separate tasting
sessions. Panelists were given only 0.5 mL of each sample to taste due
to sample shortage. Therefore, training additionally focused on
ensuring panelists double-blind sip this sample volume from a 30 mL
transparent polystyrene cup and allow it to flow over the top of their
tongue before swallowing.
An mMV-GOS sample was prepared as 1% (w:v) (weighed to an

accuracy of ±0.005 g) in mineral water, stirring over a magnetic plate
to ensure thorough sample dispersion. The sample was well dispersed
and easily solubilized in water. It was labeled with a random 3-digit
code. The sample was tasted and rated as a single (monadic) sample
against the sucrose standards; however, other samples were tasted in
the same sensory sessions (data not shown). The tasting was
approved by the University of Reading Research Ethics Committee
(UREC study number 16_19).

Table 1. Group-Specific Primer Set Based on 16S rDNA Sequences

target bacterial group sequence (5′ to 3′)
product size
(bp)

annealing temp
(°C)a reference or source

all bacteria AAACTCAAAKGAATTGACGG 180 60 de Gregoris et al.49

CTCACRRCACGAGCTGAC
Lactobacillus AGCAGTAGGGAATCTTCCA 341 60 Rinttila ̈ et al.50

CACCGCTACACATGGAG
Bacteroides group bacteroides − Prevotella −
Porphyromonas

GAAGGTCCCCCACATTG 238 78 Ramirez-Farias et
al.51CGCKACTTGGCTGGTTCAG

Bif idobacterium CATCCGGCATTACCACCC 523 78 Kok et al.52

CCACCGTTACACCGGGAA
Clostidrium coccoides group AAATGACGGTACCTGACTAA 438−441 60 Matsuki et al.53

CTTTGAGTTTCATTCTTGCGAA
Enterobacteriaceae TCAAGGACCAGTGTTCAGTGTC 428 60 Matsuda et al.54

TGCCGTAACTTCGGGAGAAGGCA
Enterococcus ACCGCGGGTCCATCCATC 115 78 Matsuda et al.54

CCATCAGAAGGGGATAACACTT
Atopobium cluster GGGTTGAGAGACCGACC 190 60 Matsuki et al.55

CGGRGCTTCTTCTGCAGG
aThe PCR programs were modified from references.

Journal of Agricultural and Food Chemistry pubs.acs.org/JAFC Article

https://doi.org/10.1021/acs.jafc.2c01363
J. Agric. Food Chem. 2022, 70, 9048−9056

9050

pubs.acs.org/JAFC?ref=pdf
https://doi.org/10.1021/acs.jafc.2c01363?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Statistical Analysis. Statistical analysis in bacterial populations
and organic acid concentrations was calculated by applying a one-way
analysis of variance (ANOVA) for substrate comparisons at the same
time of fermentation (10 and 24 h) with Tukey’s test for multiple
comparisons, followed by comparison of each substrate at either 10 or
24 h to control 0 h by Student’s t-test. The normality of the qPCR
data was confirmed by box plots of the logged counts. Differences
among samples were judged to be significant at a probability value of
p ≤ 0.05 (IBM SPSS, Inc. Illinois). The purpose was to quantitatively
research whether the new prebiotic-based sweetener behaved just as
the positive control and the GOS control samples and differently with
the single HIS based on mogroside V (MV control) and the negative
control during fermentation, to endorse the potential prebiotic effect.
Values were expressed as means ± standard deviation.
The sweetness tasting of the newly synthesized compound mMV-

GOS was reported as mean and standard error on the 0−100
structured line scale. A regression line was fit through the mean
sweetness against the concentration for the four sucrose standards,
where [sweetness = 42.9 (sucrose %w/v) − 9.5] (R2 = 0.998). This
was used to convert the mean sweetness of the mMV-GOS sample
into an equivalent sucrose (ES) concentration, and the relative
potency was calculated as the ES/mMV-GOS concentration.

■ RESULTS
mMV-GOS Sample Characterization by MALDI-TOF

MS. Figure 1 shows the MALDI-TOF MS spectra of the
mMV-GOS sample. The oligomers identified showed a mass
difference of 162 u, which corresponds to hexose residues from
GOS. The GOS chain length distribution revealed a DP up to
8. The MALDI-TOF MS spectra also show the presence of
deglycosylated mogroside V corresponding to m/z 1148.8,
which can be a product of the β-galactosidase reaction29 and
galactosylated mogroside V with one (m/z 1472.6), two (m/z
1634.8), and three (m/z 1797.4) galactose units.
Effect of the mMV-GOS Sample on Human Fecal

Bacterial Concentrations. Figure 2A,B show bacterial
populations at 0 h with both 10 and 24 h of fermentation
for mMV-GOS, GOS control (synthesized under the same
reaction conditions as mMV-GOS in the absence of mogro-
sides), positive control (scFOS), and unmodified mogroside V
mixture (MV control). Quantitative data, deviations, and
statistical significance are presented in Tables S1 and S2 of the

Supplementary material. In general, total bacterial concen-
trations at 10 and 24 h of fermentation were significantly
higher (p ≤ 0.05) for the mMV-GOS, GOS control, and
positive control compared to either MV control or negative
control (p ≤ 0.05) (Tables S1 and S2). The Atopobium group
significantly increased in the GOS fermentation and positive
control sample (10 h), while this significant increase was
observed for the mMV-GOS sample after 24 h of fermentation.
For the Bacteroides - Prevotella - Porphyromonas group,

mMV-GOS did not present significant changes compared to 0
h, except for the bacterial concentrations obtained at 10 and 24
h of fermentation (p ≤ 0.05). A similar finding was observed
when comparing mMV-GOS to MV sample. Taking into
account the values at 10 h of fermentation, the samples GOS
and positive control had similar values (9.53 ± 0.29 log CFU/
mL and 9.62 ± 0.23 log CFU/mL) to mMV-GOS (9.73 ±
0.31 log CFU/mL), and therefore, the same significances (p ≤
0.05) were found with respect to the negative control and MV
control samples (7.84 ± 1.12 log CFU/mL and 8.05 ± 1.18 log
CFU/mL).
Significant Bif idobacterium population counts were found for

mMV-GOS at 10 h compared to the negative control at 10 h as
well as for the GOS and positive control samples (p ≤ 0.05).
This same behavior was noted for the C. coccoides group, where
mMV-GOS was significantly higher (p ≤ 0.05) than the
negative control at the initial values (0 h) and at the same time
of fermentation (10 and 24 h).

The Enterobacteriaceae group increased at 10 and 24 h in the
mMV-GOS, GOS, and positive control samples (10 and 24 h;
p ≤ 0.05) with respect to the negative control; however, no
significant differences were found (p ≥ 0.05). Among all of the
substrates, only the newly synthesized sample (mMV-GOS)
significantly increased for the Enterococcus group with respect
to the negative control sample at the same time of
fermentation (p ≤ 0.05).

Lactobacillus significantly increased in mMV-GOS, GOS,
and positive control fermentations after 10 and 24 h (p ≤ 0.05)
and compared to the beginning of fermentation (0 h) (p ≤
0.05).

Figure 1. MALDI-TOF profiles of mMV-GOS. Labeled peaks are MG-IV, mogroside IV; MG-V, mogroside V; MG-VI, mogroside V + 1 hexose;
MG-VII, mogroside V + 2 hexoses; and MG-VIII, mogroside V + 3 hexoses. The different synthesized oligosaccharides are designated GOS-DPn,
where n indicates the degree of polymerization (DP).
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Figure 2. Box plots obtained from the results of the quantitative real-time PCR Ct values for mMV-GOS, obtained from the fecal slurry cultures
from four donors after 0 (corresponds to the sample taken from the negative control vessel at the beginning of incubation), (A) 10 h and (B) 24 h
for each bacteriological group. Different letters indicate a statistically significant difference between samples at p ≤ 0.05 by Tukey’s test and the
asterisk symbol indicates statistical differences with respect to the 0-h sample for each bacterial group.
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Organic Acid Concentrations during Fermentation
with Enzymatically Mogrosides and GOS. Organic acid
concentrations are shown in Table 2A for 10 h of fermentation
and Table 2B for 24 h of fermentation. Values at the beginning
of the fermentation (0 h) corresponding to the negative
control sample were used as reference in each table. In general,
for unmodified mogroside V, similar behaviors to the negative
control were found for the same fermentation times. Acetate
was the most abundant organic acid after 10 and 24 h of
fermentation in all of the samples. A significant increase of this
SCFA was observed for the mMV-GOS (30.78 ± 3.10 mM),
GOS (56.11 ± 15.05 mM), and positive control (43.54 ± 6.84
mM) samples at 24 h, where the maximum values were
reached (p ≤ 0.05). Maximum lactate concentrations increased
at 10 h of fermentation for mMV-GOS, scFOS, and GOS,
being significantly different to the negative control at the same
fermentation time only for these last two substrates. Lactate
acid was consumed after 24 h for all fermented samples.
Propionate concentrations presented similar behavior to

acetate; a significant increase of propionate was found after 10
and 24 h of fermentation for mMV-GOS and GOS control,
with the mMV-GOS sample being the substrate that reached
the maximum concentration at both times of fermentation
(9.49 ± 1.44 and 14.19 ± 2.16 mM) (p ≤ 0.05). The increased
concentration of propionate was lower than acetate but higher
when compared with butyrate production. The butyrate
concentration at 24 h of fermentation for mMV-GOS (7.27
± 2.22 mM) was significantly higher than that for the negative
control sample, as well as for the GOS control which reached
the highest concentration of butyrate when compared to other
samples.
Sweetness of mMV-GOS. A sensory evaluation was

performed to find out the effect of the enzymatic modifications
on the sweetness of mMV-GOS. The 1% solution of mMV-
GOS had a mean sweetness value of 28.6 ± 4.57 (mean out of
100 ± standard error) on the structured line scale. This was
equivalent to 0.91 ± 0.3% w/v sucrose, and therefore, an
estimated relative potency of 0.9, suggesting that mMV-GOS
has a similar sweetness to sucrose. In contrast, pure mogroside

V was measured by the same sensory panel to have a relative
potency of 18821 and is reported in the literature to be
approximately 250 x sweeter than sucrose.17

■ DISCUSSION
There is an increasing demand for natural sweeteners as they
are gaining popularity in international markets, including the
nutraceutical industries, as a way to offer healthier alternative
formulations by significantly reducing the use of sucrose. For
this reason and beyond its recognized traditional Chinese
medicinal utilization, plant-derived sweeteners from S.
grosvenorii have recently gained special attention due to their
sweet quality, low-calorie characteristics, and being pharmaco-
logically safe.30 In addition, numerous studies have demon-
strated potential health-promoting effects of mogrosides from
luo han guo, including their antioxidant, hepatoprotective,
hypoglycemic, immunologic, and anti-inflammatory activ-
ities;31 however, these findings must be further confirmed in
human trials to establish these health-related properties.
Very little is currently known about the impact of

mogrosides on the human gut microbiome. Mixtures of
mogrosides (MVs), composed mainly of mogroside V, showed
no significant effect on the microbiota populations after in vitro
testing when compared to the negative control;32 however, the
mogroside doses used were not reported. Recently, Ban et al.33

described the effect of supplemented yogurt with mogrosides
(from 5 to 30 mg/mL) on the rat intestinal microbiota. The
highest concentration of mogrosides used by these authors did
not significantly change the population of bifidobacteria and
lactobacilli compared with the yogurt control, and there was no
impact tested in other bacterial groups. To the best of our
knowledge, no previous reports have been published regarding
the effect of mogrosides on human gut microbiota.
The sample based on the modified mogrosides with GOS

mixtures contains galactosylated and deglycosylated mogroside
V and, mainly, the trisaccharide GOS 6′-galactosyl-lactose.
This trisaccharide is highly resistant to gastrointestinal
digestion when compared to other common GOS such as 3′-
and 4′-galactosyl-lactose.34,35 This would allow for an increase

Table 2. Mean Organic Acid Concentrations after In Vitro Fermentation at (A) 10 and (B) 24 h

A

concentration (mM)

10 h lactate acetate propionate butyrate

0 h 0.11 ± 0.08 0.73 ± 0.08 0.15 ± 0.07 0.11 ± 0.03
negative control 0.03 ± 0.06a 8.15 ± 1.97aa 1.86 ± 0.24a 1.36 ± 0.42aa

scFOS (positive control) 20.90 ± 7.65ba 46.74 ± 12.13ca 6.51 ± 1.91ba 1.85 ± 1.23aa

GOS control 15.35 ± 4.90ba 43.09 ± 11.60ca 4.85 ± 1.49ba 5.79 ± 1.89ba

MV control 0.00 ± 0.00aa 7.35 ± 0.92aba 1.57 ± 0.75aa 0.83 ± 0.59aa

mMV-GOS 2.52 ± 1.69aa 20.32 ± 2.56ba 9.49 ± 1.44ca 2.43 ± 0.73aa

B

concentration (mM)

24 h lactate acetate propionate butyrate

0 h 0.11 ± 0.08 0.73 ± 0.08 0.15 ± 0.07 0.11 ± 0.03
negative control 0.00 ± 0.00a 12.99 ± 1.51aa 2.53 ± 0.35aa 2.45 ± 0.49aa

scFOS (positive control) 0.00 ± 0.00a 43.54 ± 6.84ca 6.78 ± 3.50aa 6.31 ± 2.91aba

GOS control 0.00 ± 0.00a 56.11 ± 15.05da 13.21 ± 5.15ba 13.10 ± 4.99ca

MV control 0.00 ± 0.00a 12.28 ± 2.74aa 2.41 ± 0.50aa 2.13 ± 0.50aa

mMV-GOS 0.00 ± 0.00a 30.78 ± 3.10ba 14.19 ± 2.16ba 7.27 ± 2.22ba

aStatistically significant differences from 0 hours at p ≤ 0.05 by Student’s t-test are indicated with asterisks in the same column. abcDifferent letters
indicate a statistically significant difference between samples at p ≤ 0.05 by Tukey’s test in the same column.
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in the availability of this GOS in the colon which would
consequently have a beneficial effect on the colonic micro-
biota.36

The bifidogenic effect of mMV-GOS was similar to that
observed for the positive control (scFOS) and GOS which was
synthesized in the absence of mogrosides. Both scFOS and
GOS are low-molecular-weight oligosaccharides that are
rapidly fermented by Bif idobacterium species to the concom-
itant production of lactate and acetate. The bifidobacterial
population, as well as the lactate concentration, decreased at 24
h of fermentation. This is due to the utilization of lactate by
other bacterial groups by metabolic cross-feeding.37 Acetate
can also be generated by the Bacteroides group, which
significantly increased after 10 h of fermentation in the
presence of mMV-GOS, GOS, and scFOS. This increase in
bifidobacteria and Bacteroides group populations after 10 h of
fermentation and their concomitant decrease after 24 h have
also been observed in FOS samples by different authors.38,39

Furthermore, some species of Bacteroides are able to produce
propionate via succinate pathways and also from lactate, which
could also explain the increases in propionic acid.
Lactate can also be generated by other lactic-acid bacteria

groups such as Enterococcus or Lactobacillus. The increases in
these two groups of lactic-acid bacteria could be related to the
higher concentration of lactate in mMV-GOS when compared
with other substrates. It is important to consider the genetic
diversity within species that comprise the intestinal microflora
such as for this lactic-acid bacterial group, which could explain
the large deviation observed for the Lactobacillus group in all of
the samples.40,41 Lactobacillus is a well-recognized genus with
potential beneficial effects on host health.42 Recently, the
positive effect of the Enterococcus genus due to the production
of bacteriocins has been reported.43

Other propionate and butyrate producers are included in the
C. coccoides group.37,44 This group is formed of different
anaerobic species. These species are included in the genera:
Anaerostipes, Blautia, Coprococcus, Clostridium, Dorea, Eubacte-
rium, Ruminococcus, and Roseburia. In general, this group has
an important role to play in regulating immunological and
nutritional parameters which benefit the health of the host.45

Similar to bifidobacteria, the C. coccoides group increased
significantly after 10 h of fermentation in the GOS and mMV-
GOS samples. This could explain the increase of butyrate and
propionate after 10 h of fermentation.
It has been reported that mogrosides are metabolized in the

intestinal tract, mainly by the complete deglycosylation of
mogrosides by the gut microbiota, resulting in the generation
of the corresponding aglycone metabolite, mogrol, excreted in
feces.46 However, the bacterial-mediated deglycosylation does
not seem to have an effect on human fecal microbiota
composition as its population is not affected by the presence of
mogroside V, revealing that the prebiotic effect can be
attributed to the presence of GOS.
Our data have shown that mMV-GOS, obtained by the

simultaneous synthesis of GOS and modified mogrosides using
bacterial β-galactosidases, can generate products with the
potential to positively modulate the human fecal microbiota in
vitro, generating metabolites such as propionate and butyrate
that are involved in appetite regulation47 and also in tight
junction integrity and anti-inflammatory properties that play an
important role in improving type II diabetes inflammation
processes. The potential prebiotic activity of mMV-GOS is an
added benefit in combination with the sweetness profile.

The sweetness intensity of mogrosides is commonly
reported in the literature, known to be ∼250 times sweeter
than sucrose.17 The mMV-GOS had a sweetness that
approximated that of sucrose (potency 0.9 ± 0.3). Therefore,
one strategy could be to replace sucrose with an equivalent
weight of the new mogroside-based sweetener, with the aim of
achieving equivalent sweetness, bulking properties, and
prebiotic function due to their dietary fiber content (GOS).
Previous studies show that a dose between 2 and 15 g/day in
adults can exert a prebiotic effect in humans;24 on the other
hand, mogroside V has been used in doses between 0.6 and
36.4 mg/kg body weight per day; however, the acceptable daily
intake (ADI) has not been still approved by some authorities.48

The mMV-GOS mixture contains no more than 0.2% w/w of
modified mogrosides, which is considerably lower than the
maximum dose reported for mogroside V considering a dose of
15 g per day per person. Given the purity of mMV-GOS
(>95% of GOS), this novel prebiotic ingredient would
correspond to approximately one-half and one-third of the
recommended daily sugar consumption by the AHA limits for
women (25 g per day) and men (36 g per day), respectively.23

In conclusion, these in vitro analyses and sweet taste studies
suggest that the simultaneous synthesis of modified mogrosides
and GOS could exert a prebiotic functionality, which warrants
further studies investigating the effects of this novel ingredient
under in vivo conditions representing physiologically human-
relevant exposure scenarios. In this context, these substrates
could be considered as a novel candidate prebiotic sweetener
by combining sweetness and prebiotic fiber functionality,
providing a feasible and innovative approach to reducing the
sucrose content in food products.
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