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Functional characterization of oligosaccharides
purified from Asparagus officinalis peel
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Summary
In this work, oligosaccharides were subjected to functional identification after purification by Sephadex G-25 gel
filtration column (Pharmacia, Jersey City, New Jersey, USA). Physico-chemical characteristics, molecular weight
and functional groups were also studied. The molecular weight of the purified asparagus oligosaccharides was estimated to be 569 Da by gel permeation chromatography analysis. Infrared spectral analysis identified different functional groups on the asparagus oligosaccharides, laying a theoretical foundation to determine additional functions
of asparagus oligosaccharides in future work. By in vitro tests, we determined that asparagus oligosaccharides were
able to remove hydroxyl and superoxide radicals with a dose-effect relationship. Asparagus oligosaccharides promoted proliferation of bifidobacteria, Lactobacillus lactis and Streptococcus lactis. The growth of Escherichia coli in
the asparagus oligosaccharides media was significantly weaker compared to the glucose media, indicating that E. coli
preferred glucose as the source of carbon over oligosaccharides. Our research showed that asparagus oligosaccharides
are ideal candidates as antioxidants and prebiotics in the food industry. These results provide a valuable information
to expand the comprehensive utilization of asparagus, further developing the edible and medicinal value of asparagus
oligosaccharides in the health-promoting food and feed industries.
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Asparagus is an economically important
vegetable that is cultivated in temperate zones
all over the world [1]. Asparagus is mainly produced in China, the United States, Japan, Spain
and France. The global asparagus cultivation area
is 218 000 ha with approx. 66 000 ha in China [2].
Asparagus contains various significant compounds
and essential nutrients, including dietary fibre [3],
oligosaccharides [4], amino acid derivatives [5],
lignans [6], vitamins and minerals [7]. Asparagus
also contains flavonoids (mainly rutin) and phenolic compounds, which possess strong antioxidant
properties [8]. At present, asparagus is marketed
as a new and special vegetable, and is primarily ex-

ported to Japan, Europe and other countries, but
some of the exported asparagus is wasted in the international market [9].
Oligosaccharides are obtained by extraction
from natural sources or by chemical or enzymatic
synthesis [10–12]. Kamat et al. reported that asparagus extract could significantly enhance bowel
peristalsis and reduce the occurrence of ulcers
[13]. Asparagus is commonly extracted by a hot
water extraction method [14]. It has been shown
to repair gamma-rays damage of mitochondria
in the mouse liver due to its antioxidant ability,
which has been studied by Nwafor et al. [1]. Gautam et al. discovered that injecting immune acces-
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sory factors that were extracted from asparagus
root can significantly improve the density of the
whooping cough antibody, reducing the incidence
of the disease and the mortality rate of mice [15].
The immuno-stimulating, antioxidant, antiangio
genic and antithrombotic activities of plant or
algae poly/oligosaccharide molecules are induced
by linkages between a glycan sequence and receptors on cell membranes [16]. Over the past few
years, many researchers have suggested that dietary deficiencies can lead to disease states and
that some diseases can be avoided through the adequate intake of prebiotics, such as fructooligosaccharides [12]. Since the late 1990s and the birth of
the prebiotic concept, many scientists have studied
the health-promoting properties of prebiotic compounds, which has resulted in a number of scien
tific publications describing their relation to human health [17].
Asparagus, in addition to its nutritional value,
is beneficial to human health [18]. Some studies
suggest that oligosaccharides can be viewed as the
key component of prebiotics in human milk [19].
Consumption of human milk oligosaccharides,
for example, is known to improve immune function, prevent adhesion of pathogens to intestinal
epithelial tissues, increase absorption of minerals
and improve glucose homeostasis. The research
on oligosaccharides from plant food is commonly
reported for fruits [20], but less for vegetables, in
particular asparagus. The function of polysaccharides and flavonoids has been intensely studied in
asparagus. Plant polysaccharides have high free
radical scavenging and antimicrobial activities,
making them ideal candidates for antioxidants
and prebiotics [21]. However, the functions of asparagus oligosaccharides remain unknown. In our
previous works, we mainly studied the extraction
and removal of proteins from asparagus oligosaccharides, indicating that oligosaccharides mainly
exist in the asparagus peel, which is usually discarded, thereby causing unnecessary waste [22].
Furthermore, oligosaccharides and their conjugates (glycoproteins and glycolipids) are important signalling compounds in vivo [23]. Therefore,
research on asparagus oligosaccharide is of great
significance.
In the present study, oligosaccharides were subjected to functional identification after purification by Sephadex G-25 gel filtration column (Pharmacia, Jersey City, New Jersey, USA). The study
demonstrated that asparagus oligosaccharides are
an excellent source of antioxidants and prebiotics.
This study may be useful to the food industry regarding the comprehensive utilization of asparagus oligosaccharides as antioxidants and prebiotics
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for human health. Physico-chemical characteristics, the molecular weight and different functional groups were also studied, laying a theoretical
foundation to determine additional functions of
asparagus oligosaccharides in future work.

Materials and Methods
Materials

Green asparagus Apollo F1 generation cultivars (Agricultural Science and Technology
enterprises, Hebei, China) was used. Asparagus
was subjected to hot water extraction and proteins
removal using techniques from our previous study
[22].
Purification and physico-chemical characterization
of asparagus oligosaccharides

Asparagus oligosaccharides were purified by
Sephadex G-25 gel filtration column (Pharmacia,
Jersey City, New Jersey, USA). Sephadex G-25 gel
filtration column (15 mm × 400 mm) was eluted
with distilled water at a flow rate of 0.2 ml·min-1.
Each fraction of 1 ml of eluate was collected.
All collected fractions were characterized by the
phenol-sulphuric acid method [24]. Absorbance
was measured at 490 nm using ultraviolet-visible
spectrophotometer Cary 8454 (Agilent, Santa
Clara, California, USA).
Glucose (Sheng Baihao, Tianjin, China)
standards were prepared in a series of
concentrations to construct a standard curve for
the asparagus oligosaccharide quantification.
The chromatography profile was plotted using
Microsoft Excel 2003 (Microsoft, Redmond,
Washington, USA). The peak with the highest
oligosaccharide content was collected and then
freeze-dried.
Physico-chemical characterization included
state, colour, smell, solubility in water, solubility in
organic solvents, hydroscopicity, Molisch reaction,
ultraviolet spectrum detection, Biuret reaction
[25] and iodine-potassium iodide reaction.
Gel permeation chromatography and infrared
spectra analysis

The molecular weight of purified asparagus oligosaccharides was determined by gel permeation chromatography (GPC) analysis using
HP1100 (Agilent) [26]. The molecular weight
was calculated by comparison to a calibration
curve constructed using dextran standards (Sheng
Baihao) of different molecular weights. Further
structural characterization were performed using
infrared spectrometer Cary 680 (Agilent). Pellets
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for infrared analysis were prepared using 1 mg of
dried oligosaccharide sample and 100 mg of potassium bromide, and spectral data were collected
from 4000 cm-1 to 400 cm-1 [27].
Determination of hydroxyl radical scavenging
activity

The hydroxyl radical scavenging activity of
asparagus oligosaccharides was analysed using
the method developed by Courtois [28]. Solutions of varying oligosaccharide concentrations,
1, 5, 10, 20 and 30 mg·ml-1, were added to tubes
containing a phenanthroline–ferric ion– H2O2 system. The solutions were subsequently incubated in
a water bath (37 °C) for 1 h. The absorbance value
at 510 nm was measured in triplicate for each experiment.
The hydroxyl radical scavenging rate (RSROH)
was calculated according to the following formula
and expressed in percent:
(1)
where AS is the absorbance of the sample, A1 is
the absorbance of H2O2 in solutions without the
samples, and A2 is the absorbance of the sample
without H2O2 present in the solution.
Determination of
scavenging activity

superoxide

anion

radical

The superoxide anion radical scavenging
activity of asparagus oligosaccharides was analysed
using the medthod developed by Chen et al. [29].
Oligosaccharide solutions with concentrations of
1, 5, 10, 20 and 30 mg·ml-1 were added to tubes
and incubated in a water bath at 25 °C for 20 min.
The absorbance value at 325 nm was measured
every 30 s for 3 min, and each experiment was carried out in triplicate.
The superoxide anion radical scavenging rate
(RSRO2) was calculated according to the following
formula and expressed in percent:
(2)
where AC is the absorbance of the control, AS is
the absorbance of the sample.
Effect on proliferation of intestinal bifidobacteria
and Escherichia coli

Our laboratory separated bifidobacteria and
E. coli. Three different media were used for the
tests: general anaerobic medium (GAM) liquid
medium (Cat. No. HB8518, Sheng Baihao)
with asparagus oligosaccharides (10 mg·ml-1,
20 mg·ml-1, 30 mg·ml-1), GAM liquid medium

with added glucose (20 mg·ml-1), and GAM liquid
medium without additional saccharides (control
group). Fifty microliters of 1010 CFU·l-1 bifidobacteria and E. coli suspensions were added to these
media, respectively, the inoculum concentration
of the bacterial suspension being 108 CFU·l-1. The
absorbance value at 550 nm (A550) and pH were
determined after the cultures were incubated for
0 h, 12 h and 24 h, each experiment being performed in triplicate.
Effect on proliferation of Lactobacillus lactis and
Streptococcus lactis

Our laboratory separated Lb. lactis and
S. lactis. Fifty microliters of 1010 CFU·l-1 Lb. lactis
and S. lactis suspensions were added to DeManRogosa-Sharpe (MRS) medium (Sheng Baihao)
and ammonium paratungstate (APT) broth (Cat.
No. HB0393-1, Sheng Baihao), respectively, the
final concentration of the bacterial suspension
being 108 CFU·l-1. The media without added asparagus oligosaccharides were used as the control
group, and the medium with 20 mg·ml-1 asparagus
oligosaccharides added was used as the experimental group. All media were cultured at 37 °C
in an incubator. Aliquots of 0.1 ml of the bacterial
suspension were removed from each experimental group at 0 h, 24 h and 48 h and subsequently
diluted for plate counting, with each experiment
performed in triplicate. The results are presented
in the logarithmic format.
Statistical analyses

All treatments were run with 3 replicates and
are presented as mean ± standard deviation of
each experiment. The significant differences
(p < 0.05) between the mean values were tested
by analysis of variance (ANOVA) and Dunnett’s
T3 test using IBM SPSS Statistics 20 (SPSS, Chicago, Illinois, USA) software package.

Results and Discussion
Purification and physico-chemical characterization
of asparagus oligosaccharides

Fig. 1 shows the gel filtration chromatogram
of the eluted asparagus oligosaccharides. Two
major peaks were observed in the chromatogram.
The first peak accounted for 95.6% of the total
asparagus oligosaccharides collected. The second
peak represented an oligosaccharide fraction that
accounted for 3.4% of the total eluted product.
The first peak was collected and chosen for further
functional characterization (Fig. 2). Physico315
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Fig. 1. Gel filtration chromatogram of asparagus oligosaccharides using a Sephadex G-25 gel column.

Fig. 2. Purified asparagus oligosaccharides.

chemical characterization suggested that the oligosaccharides purified by the Sephadex G-25 gel
filtration column did not contain starch, protein,
nucleic acids or other impurities (Tab. 1).

charides, the molecular weight of the purified
asparagus oligosaccharides was estimated to be
569 Da. The infrared spectrum of the purified asparagus oligosaccharides is displayed in Fig. 3. The
spectrum suggests the identity of the functional
groups on the asparagus oligosaccharides. A wide
absorption peak was observed at 3 367 cm-1, identified as the O–H stretching vibration, which indicates the presence of inter- and intramolecular
hydrogen bonds in the oligosaccharides. An
absorption peak at 2 936 cm-1 was assigned to
C–H stretching vibrations, an absorption peak
at 1 743 cm-1 was assigned to C=O stretching
vibrations, and an absorption peak at 1 621 cm-1
indicated the presence of crystallized water and
C=O stretching vibration. Based on the observed
peaks, we can conclude the presence of carboxyl
group and uronic acid. Absorption peaks at
1 400–1 200 cm-1 were associated with vibrations
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Fig. 3. Infrared spectrum of asparagus
oligosaccharides.

668.27
620.24
535.40

Colour

80

1243.06
1103.09
1023.82
916.91

Loose, powder

1417.01

Characteristic

State

Transmittance [%]

Item

100

1743.94
1621.70

Tab. 1. Physico-chemical characteristic
of asparagus oligosaccharides.

2936.78

Pectic oligosaccharides have been shown to induce apoptosis in human colonic adenocarcinoma
cells. They are extremely diverse in their structures and rich in galacturonic acid. The complex
structures are important with regard to functional
properties such as anti-cancer activities and other
bioactive properties [30]. In our present study,
GPC analysis was employed to determine the molecular weight of the collected asparagus oligosaccharides. Based on the equation from the standard
curve developed using different dextran standards,
and the retention time of the asparagus oligosac-

3367.59

Molecular weight and functional groups of asparagus oligosaccharides
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of the C–H bond. Absorption peaks at 1 103 cm-1
and 1 023 cm-1 suggest that the saccharide rings
in asparagus oligosaccharides belong to the pyran
class. An absorption peak at 916 cm-1 was assigned to the asymmetric stretching vibration of
the pyran ring. The monosaccharide residues of
fructooligosaccharides in asparagus roots exist in
the forms of the pyran rings and furan rings [31].
Human milk oligosaccharides contain various
glycosidic bonds. This structural complexity of
oligosaccharides appears to be the key to their
biological activity [32]. Some neutral or acidic oligosaccharides with substituents may be active, and
the presence of carboxyl group and uronic acid has
previously been established in oligosaccharides.
Therefore, analysis of the molecular structure of
oligosaccharides is essential to understand the
structure-function relationship in food science
[33].

Asparagus oligosaccharides are efficient at
scavenging hydroxyl radicals (Fig. 4A), and a doseresponse relationship was observed. The scavenging activity was greater than 50% when 20 mg·ml-1
asparagus oligosaccharide was added. Additionally, mannitol is an effective hydroxyl radical scavenger [34]. Our results indicated that the
scavenging activity of asparagus oligosaccharides
for hydroxyl radical was greater than that of
mannitol at the same concentration (p < 0.05).
Asparagus oligosaccharide (10 mg·ml-1) and mannitol (30 mg·ml-1) have similar hydroxyl radical
scavenging activities. Hydroxyl radicals were

generated by lipid peroxidation [35]. Oligosaccharide has reductive hemiacetal hydroxyl, which
can capture reactive oxygen, shorten the length of
the lipid peroxidation chain and slow down lipid
peroxidation. In addition, hydrogen atoms on the
hydrocarbon chains of asparagus oligosaccharides
can bind to hydroxyl radical to form water and free
radical carbons [36].
The carbon free radicals further participate
in oxidation reactions to form peroxy radicals
and finally decompose to harmless products. This
reaction pathway was also reported by Hernandez-Marin and Martínez in a theoretical analysis of the free radical scavenging properties of
selected carbohydrates, which suggested a hydrogen atom transfer from the investigated hydrocarbons to the hydroxyl radicals [37]. The primary
polysaccharide of asparagus, which has a molecular weight 5.75 × 104 Da, has a significant function
in scavenging hydroxyl radicals. Using same concentrations, the hydroxyl radical scavenging ability
of asparagus oligosaccharides was weaker compared to that of asparagus polysaccharides [38],
suggesting that asparagus oligosaccharides have
some oxidative resistance, but they are not the primary antioxidant in asparagus.
Fig. 4B suggests that the clearance rate of the
superoxide anion increased with an increase in
the concentration of asparagus oligosaccharides
(p < 0.05). Asparagus oligosaccharides can
restrain the pyrogallol autoxidation and clear
superoxide anions produced via pyrogallol
autoxidation. Once superoxide anions react with
carbonyls, they can damage DNA and hinder
physical functions. Asparagus oligosaccharides
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Fig. 4. Effects of asparagus oligosaccharides on scavenging activity
of hydroxyl radical and superoxide anion radical.
A – Hydroxyl radical scavenging rate, B – Superoxide anion radical scavenging rate.
Data are mean ± standard deviation of three independent experiments. Significant differences (p = 0.05) between means are
indicated by different letters.
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can remove superoxide anion with a dose-effect
relationship by participating in an oxidation
reaction with the superoxide anion and preventing pyrogallol autoxidation. Our study showed
that the maximum inhibition rate was 53.3% when
adding 30 mg·ml-1 asparagus oligosaccharides.
Therefore, asparagus oligosaccharides can be
used as a natural free radical scavenger. There
is a growing interest in the substitution of drugs
and medicines by natural compounds from plant
food for the prevention of diseases and the
enhancement of general human health. Apple
pectic oligosaccharides exhibit scavenging activity
for superoxide anion and hydroxyl radicals [39].
Our study shows that the oligosaccharides
obtained from asparagus are suitable for use as
a functional ingredient. Based on the antioxidant
study, we found that asparagus oligosaccharides
also have a relatively high free radical scavenging
capacity, making them ideal candidates for use as
antioxidants. It could be proposed that the regular
use of asparagus oligosaccharides may help in the
prevention of several diseases related to oxidative
damage.
Fan et al. [40] investigated the relation
between total antioxidant activity and total phenolics extracted from the residues of asparagus. Antioxidant activity evaluation indicated that phenolics
were dominant bioactive compounds. Rodríguez
et al. [41] studied the correlation between antioxidant activity and the content of total phenolics extracted from green asparagus. Results obtained for
antiradical capacity and reducing power were very
similar, and a high correlation with phenolics was
found. Asparagus inhibits lipid primary oxidation,
but no correlation between the inhibition percentage and phenolics was observed. Bonoli et al. [42]
reported that phenolic compounds have strong in
vitro and in vivo antioxidant activities associated
with their ability to scavenge free radicals, break
radical chain reactions, and chelate metals.
2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity was significantly correlated with total
phenolics content. Decreasing of phenolics content was shown to be a response to the senescence
of asparagus [43]. Phenolic antioxidants were reported to be able to quench oxygen-derived free
radicals as well as substrate-derived free radicals
by donating a hydrogen atom or an electron to
the free radical. For instance, phenolic extracts
of plant materials were shown to neutralize free
radicals in various model systems [44]. Asparagus
was divided into three sections: apical, middle and
basal. In the fresh asparagus, content of uronic
acid is higher in the apical and basal sections and
slightly lower in the middle one [45]. However, we
318
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noticed that at present studies, as far as we know,
there are very few works on percentage of uronic
acid and investigating the relationship between
uronic acid and antioxidant activity. This question
is still very meaningful to be further studied and
discussed. We will conduct the deep research of ascertaining the percentage of uronic acid or bound
phenolics to better explain the antioxidant activity
and study the specific structure-antioxidant activity relationship of asparagus oligosaccharides in
our further studies.
Effect of asparagus oligosaccharides on bacteria

It is widely accepted that plant polysaccharides
have high antimicrobial activity, which make them
ideal candidates for prebiotics [21]. However, the
functions of plant oligosaccharides are barely understood. In this study, we examined the effects
of asparagus oligosaccharides on bifidobacteria,
E. coli, Lb. lactis and S. lactis to further analyse the
properties of asparagus oligosaccharides.
Bifidobacteria
dominate
the
intestinal
microbiota of many mammals, especially during
the milk-feeding period, as they are supported
by components with the mother's milk, and their
presence in high numbers is associated with
good health [46–48]. Our results indicated that
the absorbance in media containing 20 mg·ml-1
asparagus oligosaccharides was higher compared to media with 20 mg·ml-1 glucose added
and control media (p < 0.05) (Fig. 5A). The
pH experiments exhibited the opposite trend
(Fig. 5B). These data suggested that asparagus
oligosaccharides could effectively promote the
growth of bifidobacteria. Commercially available fructooligosaccharides are typical examples
of prebiotics for bifidobacteria. The selective increase in the number of bifidobacteria in the human and animal large intestine due to the ingestion of fructooligosaccharides confers several
benefits to their host, such as the competitive exclusion of intestinal pathogens, a reduction in serum cholesterol, an increase in calcium and magnesium absorption, the prevention of colon cancer
and the production of B vitamins [49, 50].
Fig. 6A suggests that bifidobacteria grow
rapidly in all types of GAM liquid media equipped
with different doses of asparagus oligosaccharides.
A550 increased with the increase of the dose and
peaked in the high-dose group (p < 0.05). The
pH of the three dose groups exhibited a negative trend, and the high dose group decreased
more rapidly compared to the other groups
(p < 0.05) (Fig. 6B). These results demonstrated that the growth of bifidobacteria accelerated
with the increase in concentration of asparagus
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Fig. 5. Effect of asparagus oligosaccharides and glucose in GAM medium on bifidobacteria and E. coli.
A – absorbance of medium inoculated with bifidobacteria, B – pH of medium inoculated with bifidobacteria, C – absorbance of
medium inoculated with E. coli, D – pH of medium inoculated with E. coli.
Concentration of asparagus oligosaccharides and glucose in media was 20 mg·ml-1. Data are mean ± standard deviation of
three independent experiments. Significant differences (p = 0.05) between means are indicated by different letters.

oligosaccharides. Carbohydrates can be fermented
by intestinal microorganisms and produce a variety
of volatile fatty acids, including formic acid, acetic acid, propionic acid, butyric acid and large
amounts of lactic acid [51, 52]. The pH value was
significantly decreased as observed during growth
of bifidobacteria on culture with oligosaccharides.
We deduce that adding oligosaccharides may increase volatile fatty acid concentration, and thus
decrease pH. The use of fructooligosaccharides is
mediated by bacterial hydrolases of the colon, so
that the bacteria produce glycolytic enzymes that
hydrolyse oligosaccharides to mono- or disaccharides. These are transported to the interior of the
cell, where they are metabolized to short chain
volatile fatty acids, CO2 and hydrogen [53, 54].
These fatty acids, particularly acetate, propionate
and butyrate, are the main end products of bacterial fermentation reactions that acidify the colon
[55]. This decrease in pH favours the development
of bacteria such as bifidobacteria [56]. Adding oli-

gosaccharides to feed can increase the content of
volatile fatty acids and decrease the pH value in
chicken and rat [57–59].
For E. coli, the absorbance of cultures in media with asparagus oligosaccharides was higher
compared to that of the control media, and
the trend of the pH experiments was negative
(Fig. 5C and Fig. 5D), indicating that asparagus
oligosaccharides can be used by E. coli as carbon
sources if no other sources are available. Compared to the media with glucose, the absorbance
of the asparagus oligosaccharides media was lower
and the pH value was higher (p < 0.05), suggesting that the growth of E. coli in the asparagus
oligosaccharides media was significantly weaker
compared to the glucose media. We conclude that
E. coli preferred glucose as the source of carbon
over oligosaccharides. In addition, E. coli could
grow in GAM liquid media with three different
doses of asparagus oligosaccharides added
(Fig. 6C and Fig. 6D). A550 of the media in the
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high-dose group was greater compared to that
of the other groups after 24 h. During that 24 h
period, pH of the three dose groups displayed
a downward trend. The pH value of the high-dose
group decreased more rapidly, while the low-dose
group decreased more slowly. E. coli is a potentially pathogenic organism [60]. Blocking microbial
lectins from binding to host cells is a possible antibacterial mechanism, which has been reported
at anti-adhesive oligosaccharides [61]. Binding of
enteropathogenic E. coli O127 to the surface of
Caco-2 epithelial cells was found to be inhibited by
β-galactooligosaccharides [62].
Lb. lactis and S. lactis can grow in MRS
medium. After adding asparagus oligosaccharides
to the nutrient-rich MRS medium, the proliferation rates of Lb. lactis and S. lactis were higher
compared to the control group (Fig. 7). As shown
in Fig. 8, amounts of Lb. lactis and S. lactis increased in the control group during the first

24 h and exhibited a downward trend from 24 h
to 48 h. Lb. lactis and S. lactis in the asparagus
oligosaccharides group proliferated throughout
the experiment. The amounts of Lb. lactis and
S. lactis in the asparagus oligosaccharides group
were higher compared to the control group at
24 h and 48 h (p < 0.05). This study suggests that
oligosaccharides can promote the proliferation
rates of Lb. lactis and S. lactis effectively. The
known health-promoting effects of dairy products,
especially sour milk and yoghurt, stem from viable
probiotic lactic acid bacteria that have scientifically proven health effects and safety. Some lactic
acid bacteria are exploited for their role as producers of peptides with antimicrobial activity [63].
The effect of combining the actions of oligosaccharides and lactic acid bacteria lays a theoretical
foundation for prebiotic products.
A prebiotic can be defined as a non-digestible food ingredient that has beneficial effects
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Concentration of asparagus oligosaccharides: low dose – 10 mg·ml-1, middle dose – 20 mg·ml-1, high dose – 30 mg·ml-1.
Data are mean ± standard deviation of three independent experiments. Significant differences (p = 0.05) between means are
indicated by different letters.
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A – medium inoculated with Lb. lactis, B – medium inoculated with S. lactis.
Data are mean ± standard deviation of three independent experiments. Significant (p = 0.05) differences between means are
indicated by different letters.

on the host by selectively stimulating the growth
and/or activity of one or a limited number of bacteria in the colon, thus improving the host’s health.
Galeotti et al. [64] reported that human milk oligosaccharides have many biological and protective
functions. Based on these previous findings and
the results of this study, it could be concluded that
asparagus oligosaccharides are functional components, which can be used as ideal candidates for
prebiotics to provide effective help for improving
intestinal tract dysfunction, promote intestinal
peristalsis and enhance the human immune system.

Conclusions
Asparagus is rich in nutritional and functional
compounds, and therefore analysing the function
of asparagus oligosaccharides more thoroughly
can theoretically increase the use of asparagus.
In this study, asparagus oligosaccharides were
subjected to characterization after purification by
a Sephadex G-25 gel filtration column. The study
results show that asparagus oligosaccharides are
an excellent source of antioxidants and prebiotics.
This could be profitable for the food industry
regarding the comprehensive use of asparagus
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oligosaccharides as antioxidants and prebiotics
for human health. The physico-chemical characteristics, molecular weight and different functional groups were also studied, laying a theoretical
foundation to determine additional functions of
asparagus oligosaccharides in future work.
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