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Abstract. Asparagus is a popular vegetable rich in healthy functional components.
Asparagus spears are known to contain a large amount of rutin, which has been found to
possess anti-inflammatory, antitumor, and antibacterial/viral properties, and protodio-
scin, which is an antitumor substance and present in the bottom parts (8 cm from the cut
end). However, the process of its production leaves fern in the aboveground parts and
roots in the underground parts as significant amounts of nonusable parts, and this issue
should be solved. This study was conducted to examine the distributions of rutin and
protodioscin, representative functional components in different parts of asparagus. The
results suggested that large amounts of rutin were noted in the cladophylls and storage
roots (brown and epidermis), and the protodioscin content was high in the buds, the soil-
covered section of the spear, and the rhizome. A significant amount of rutin was detected
in the aboveground parts, which is consistent with the results of previous studies, but it
was also found in the storage roots. The largest amount of protodioscin was found in the
buds, as well as in young fruits and seeds of the aboveground parts. Injury by
continuously cropping asparagus may be associated with high rutin content in the
storage roots of asparagus.

Asparagus (Asparagus officinalis L.) is a
perennial plant belonging to the Asparagaceae
family and is a popular vegetable consumed in
many different areas of the world (Benson,
2012). It can be easily divided into edible and
inedible parts. It is necessary to solve the issue
of large amounts of nonusable parts that are
generated during the time of summer growth
and postharvest residue. Although only a small
portion of the cladophylls of asparagus, har-
vested in the autumn season, is used as
cladophylls powder, most of the rest is put
back into the soil or disposed of; the amount is
estimated to be �130,000 t per year in Japan.

In Japan, the spears of harvested asparagus
are cut to �25 cm in length before shipment
(Motoki, 2003; Motoki et al., 2008; Yasuda
et al., 2015). Residues from harvested aspara-
gus, including the�2-cm-long hard plant parts
excised from the base of the spears (lignified
spears), account for 10% of the total shipment
(Yasuda et al., 2015), and most of residues are
discarded because they are unmarketable. It is
necessary to use residues from harvested
asparagus effectively and to reduce the costs
of their disposal to increase farmers’ income
(Yasuda et al., 2015). A previous study con-
ducted by Rodríguez et al. (2005) suggested
that the base of asparagus spears (lignified
spears) contained a large amount of phenols.
In addition, when asparagus spears are pro-
cessed into canned products in the food in-
dustry, residues from the production process
are discarded, which causes environmental
pollution and a waste of useful components
or resources (Fan et al., 2015). Zhao et al.
(2011) proposed the recycling of asparagus
waste as supplements in the food and pharma-

ceutical industries. Fan et al. (2015) reported
that five antioxidant compounds (ferulic acid,
kaempferol, quercetin, rutin, and isorhamne-
tin) could be identified fromnonusable parts of
asparagus and the nonusable parts could be
used as nutritional supplements.

The functional components of asparagus
have attracted increasing attention for adding
high value to agricultural products recently.
Asparagus spears contain abundant func-
tional components, such as saponin and
phenol carboxylic acids (Chin et al., 2002;
Hartung et al., 1990; Wang et al., 2003). The
representative functional components of as-
paragus include rutin (Chin et al., 2002;
Maeda et al., 2005) and protodioscin
(Brueckner et al., 2010; Chin et al., 2002;
Lee et al., 2010;Maeda et al., 2012; Schwarzbach
et al., 2006; Wang et al., 2003). Rutin has anti-
inflammatory and antihypertensive effects in
animal experiments (Hellerstein et al., 1951;
Selloum et al., 2003), and biological effects
such as suppression of capillary weakness in
humans (Griffith et al., 1944). Tsushida et al.
(1994) reported that 75% of the antioxidant
activity of asparagus is derived from rutin.
Based on these findings, asparagus should
be promoted as a rutin source, and cultiva-
tion techniques to increase the rutin content
of asparagus may be developed in the future.
On the other hand, principal factors influ-
encing the quality of white asparagus
spears are softness, sweetness, and bitter-
ness (Brueckner et al., 2010; Hoberg et al.,
2008; Maeda et al., 2012). According to
Kawano et al. (1975), the bitterness of white
asparagus is derived from saponin. Proto-
dioscin, a typical saponin characterized by
its pharmacological activity, is included in
white asparagus spears (Brueckner et al.,
2010; Chin et al., 2002; Lee et al., 2010;
Maeda et al., 2012; Schwarzbach et al.,
2006; Wang et al., 2003). Protodioscin was
cytotoxic to some human cancer cell lines in
vitro (Hu and Yao, 2002; Hibasami et al.,
2003), and also has aphrodisiac properties
(Gauthaman et al., 2002) and improved
sexual function in animal experiments
(Gauthaman et al., 2003). In previous stud-
ies by the authors, functional components of
asparagus in different cultivation conditions
revealed the following: Rutin was included
only in green asparagus, and protodioscin
was included only in white asparagus culti-
vated using the blanching with soil method
(Motoki et al., 2012b). The cladophylls of
asparagus cultivated in hydroponic systems
in plant factories contained not only rutin
but also protodioscin, which is not present in
the spears of green asparagus (Motoki et al.,
2012b). Fresh asparagus spears commonly
discarded if their length is out of specifica-
tions, also contain a large amount of rutin,
and spears that have not been harvested at
the optimum time may be useful compo-
nents or resources of rutin (Motoki et al.,
2012a). Unlike cladophylls, strong growth-
inhibitory activity was observed in storage
roots (Motoki et al., 2006).

Few reports are available on the active use
of the cladophylls and storage roots as useful
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functional components or resources. In addition,
the detailed distributions of rutin and protodio-
scin, as well as the influence of their cultivation
and environmental conditions have not been
clarified. However, the nonusable parts of
asparagus with weak growth-inhibitory activity
can be used as mineral elements or reused as
fertilizer components for the following year.
Furthermore, if the cladophylls and the storage
roots, or nonusable parts of asparagus, can be
used as useful component resources, this will
not only reduce the amount of waste, or plant
residues generated during production, but also
help to solve the problem of replanting failure
(Motoki et al., 2006), which will significantly
influence production settings.

To investigate the possibility of use of
nonusable parts of asparagus, we analyzed
the distribution of representative functional
components (rutin and protodioscin) in each
part of asparagus.

Materials and Methods

Cultivation method. The tested material
was 6-year-old ‘UC157 F1’ cultivated under
a long-term harvest production system in
Iijima-machi, Kami-ina-gun, Nagano pre-
fecture. UC157 F1, a cultivar of green
asparagus, is the most common cultivar in
Japan, with a short dormant period and high
yields. Cultivation conditions were as fol-
lows: long. 138�E, lat. 36�N, and height of
720 m above sea level, alluvial clay loam,
pH 6.0, 0.1 dS·m–1 electrical conductivity,
and 3.3% humus content. The planting
pattern was a single row with row width of
150 cm, bed width of 80 cm, and 30 cm in-
row distance (22,222 plants/ha). Chemical
fertilizer (200N–200P–200K) was applied
before planting, before the permanent plant-
ing of 1-year-old plants and before sprouting
of 2- to 6-year-old plants. Supplement ap-
plication (50N–50K) was provided every 2
weeks from June to August every year. Plants
were watered only by rainfall. To prevent
lodging, plants were supported by ridging,
stems were supported with stakes, and lower
branches were cut back to 50 cm from the
ground. All other cultural practices followed
the standard procedure of Nagano prefecture
(Motoki, 2003; Motoki et al., 2008).

Samples. Samples required for each ex-
periment were taken from 25 different plant
parts of 6-year-old asparagus (Table 1,
Fig. 1), and immediately frozen at –40 �C,
except for samples for water content investi-
gation.

Water content. The water content was
determined by comparing the weight before
and after drying for 2 d in a drying oven
(FC610; Toyo Engineering Works, Tokyo,
Japan) at 70 �C. Three sets of three samples
were analyzed for each part of asparagus.

Rutin and protodioscin content. Rutin and
protodioscin were extracted from frozen
samples, respectively. The samples of 18
different plant parts were pulverized for
analysis. Rutin and protodioscin were
extracted from 50 mg of freeze-dried powder
with 1 mL of 70% ethanol according to the

modification method of Maeda et al. (2010,
2012) and Nikaido et al. (2014). A high-
performance liquid chromatography system
(HPLC; Laboratory Solutions system; Shi-
madzu, Kyoto, Japan) equipped with an
evaporative light scattering detector (ELSD-
LTII detector; Shimadzu) and a photodiode
array detector (SPD-M20A; Shimadzu) were
used for quantification. HPLC conditions
were as follows: 1.0 mL·min–1 flow rate,
40 �C column temperature, a Waters Sym-
metry C18 column (4.6 · 250 mm; Nihon
Waters K. K., Tokyo, Japan) with a security
guard cartridge (3.0 · 4.6 mm), 0.1% tri-
fluoroacetic acid: acetonitrile-water (by vol-
ume) mobile phase with a gradient condition,
354-nm wavelength of a photodiode array
detector (Maeda et al., 2010, 2012; Nikaido
et al., 2014). A calibration curve was pre-
pared using external standard rutin solution
(Wako Pure Chemical Industries, Osaka,
Japan) and protodioscin solution (Chroma-
Dex Inc., Los Angeles, CA), and the rutin and
protodioscin content were calculated from
the peak area, respectively. Three sets of
three samples were analyzed for each part
of asparagus.

Statistical analysis. The Tukey–Kramer
test was performed using Statcel software
Version 2 (OMS Publishing, Saitama, Japan)
to identify significant differences (P < 0.05)
in the water content, and rutin and protodio-
scin contents of different plant parts.

Results and Discussion

Water content. Table 1 reports the differ-
ences in water content among different as-
paragus parts. The water content ranged from
93.5 [base of the spear (harvest in summer-
autumn)] to 6.5% (seed). Asparagus young
fruit, spears, rhizome, and storage root
(white, yellow, and brown) water contents
were �90% or higher than other plant parts.
Seed, storage roots (epidermis), and ripe fruit
had lower water content than other plant
parts.

Distribution of rutin content. Table 1
shows differences in the rutin content
among different parts of asparagus. The
rutin content in cladophylls [20.456 mg·g–1

dry weight (DW)] was six times higher than
the rutin content in the spear tip (3.160
mg·g–1 DW), which was consistent with
the results of previous studies (Maeda,
2008; Motoki et al., 2012b). Although the
rutin content in the main stem (cortex) was
not detectable, that in the main stem (epi-
dermis) was 9.718 mg·g–1 DW. This result
suggests that the main stem, as well as the
cladophylls, may be effectively used as
sources of rutin. On the other hand, the rutin
content in the spear tip and base (harvest in
spring) was 3.160 and 0.766 mg·g–1 DW,
respectively. The rutin content was higher in
the spear tip and lower in the base of the
spear, which was consistent with the results
of previous studies (Maeda, 2008; Maeda
et al., 2010; Motoki et al., 2012b; Yasuda
et al., 2015). The rutin content in spears
covered with soil was not detectable. Al-

though the rutin content of asparagus was
high in the aboveground parts (Motoki
et al., 2012b), 3.008 and 3.242 mg·g–1 DW
of rutin was measured in the storage roots
(brown and epidermis), amounts equivalent
to levels in the tip spear. As asparagus
stocks are growing, the color of its storage
roots changes from white to yellow and
brown (S. Motoki, unpublished data), and
its growth-inhibitory activity increases
(Motoki et al., 2006). According to the
results of this study, the rutin content in
the white, yellow, and brown storage roots
were 0.243, 1.116 and 3.008 mg·g–1 DW,
respectively; rutin content increases as as-
paragus stocks age.

When storage roots of asparagus are left
in the soil, inhibitory substances are re-
leased that cause problems with replanting
(Motoki et al., 2006; Yeasmin et al., 2013,
2014; Young and Chou, 1985). Some aspar-
agus fields in Japan were spoiled because
effective measures to solve the replant
problem were not implemented. Although
replanting failure can be prevented by re-
moving all storage roots from the field
before replanting, no method to detoxify
or to use the removed roots has been de-
veloped. Maeda (2008) suggested that the
rutin content of asparagus spears is similar
to that of buckwheat. Buckwheat has strong
growth-inhibitory activity (Zahida et al.,
2002) and rutin contained in buckwheat is
a causative agent for allelopathy (Golisz
et al., 2007; Kalinova and Vrchotava, 2009).
The results of this study show large amounts of
rutin were included in the storage roots (brown
and epidermis) of asparagus; therefore, rutinmay
be associatedwith injury by continuous cropping
asparagus.

Distribution of protodioscin content. Ta-
ble 1 shows differences in the protodioscin
content among different parts of asparagus.
The results show that the protodioscin con-
tent is also high in the young fruit and the
seed (3.792 and 5.487 mg·g–1 DW, respec-
tively), whereas other measured aboveground
plant parts had very low protodioscin levels.
The protodioscin content in the base of the
spear was 0.061 mg·g–1 DW, but, protodioscin
was not detected in the spear tip, which is
consistent with previous studies (Maeda et al.,
2012;Motoki et al., 2012b). The base of spears
(lignified spears) is usually cut off and dis-
carded before shipment (Yasuda et al., 2015);
it contains large amounts of protodioscin, as
suggested by the present and other studies
(Lee et al., 2010; Maeda, 2008; Maeda et al.,
2012;Motoki et al., 2012b;Wang et al., 2003).
The protodioscin content in the buds was the
highest (7.514 mg·g–1 DW), and the content in
the basal portion of the spears covered with
soil and of rhizome was 3.870 and 3.022
mg·g–1 DW, respectively. In addition to the
underground parts of asparagus, these specific
aboveground parts also may be effectively
used as resources of protodioscin.

The results of this study suggest that
nonusable parts of asparagus can be resources
of useful components. In particular, clado-
phylls and the fern can be sources of rutin,
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and young fruit and seeds are sources of
protodioscin. Large amounts of protodioscin
are noted in the buds, and the soil-covered
section of the spear and the rhizome; the rutin

content is high in the storage roots (brown
and epidermis). The findings of this study
may create value for nonusable parts of
asparagus. However, to examine the possi-

bility of using nonusable parts of asparagus, it
is necessary to examine differences in the
mineral contents of elements and plant bio-
mass. In addition, cultivation conditions may
influence the contents of useful components
contained in nonusable parts of asparagus.
Based on the findings from this study, further
research will examine differences in rutin and
protodioscin content among cultivars of as-
paragus, how cultivation techniques increase
functional components content, and suggest
new methods for using nonusable parts of
asparagus.
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