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Abstract Asparagus residues were used as materials to obtain
antioxidant compounds by solid-liquid extraction in this
study. The effects of different extraction parameters including
extraction solvents, time, temperature and liquid—solid ratio
on the contents of total flavonoids, total phenolics and total
antioxidant activity were investigated. Antioxidant activity of
the extract from asparagus residues was evaluated by HPLC-
ABTS-" and the bioactive components were identified by
HPLC- MS/MS. The results showed that the extraction yield
was significantly influenced (P<0.05) by solvent composi-
tion, extraction time and temperature. The appropriate param-
eters were preferred as extraction solvent of 50 % ethanol with
liquid—solid ratio of 30:1, extraction temperature of 80 °C and
time of 2 h. Antioxidant activity evaluation of the extract
indicated flavonoids and phenolics were dominant bioactive
compounds. Five antioxidant compounds were identified as
ferulic acid, kaempferol, quercetin, rutin and isorhamnetin.

Keywords Antioxidant activity - Asparagus residues -
Extraction - Flavonoids - Phenolics
Introduction

Asparagus officinalis L., a well known healthy vegetable,
which was named as “the king of vegetables” for its rich
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bioactive compounds, now is widely consumed all over the
world. Bioactive components, such as flavonoid, lignan and
steroidal saponin were found in this plant (Fukushi et al. 2010;
Hafizur et al. 2012). Pharmacological studies demonstrated its
anti-inflammatory(Jang et al. 2004), anti-mutagenic and anti-
fungal activities (Tsao and Deng 2004). In some countries, it
had been used as an anticancer herbal medicine for a long
time. In China, asparagus was also used as a medicine, to treat
cough, inflammation, fungal infection and cancer. In pharma-
cological studies, the extract from asparagus was shown to
have several biological activities, such as antioxidant activity.

Asparagus spears and stem were usually processed into
canned products in food industry, while the residues through
processing were discarded, which caused environmental pol-
lution and resources wastes. Therefore, the recycling of the
residues has become an important task in food industry. A
systematic reduction in waste disposal would be profitable in
economical and ecological aspects. Currently, agricultural
residues have become focused as materials on the production
of bioactive compounds (Shi et al. 2005). Many of bioactive
compounds were mainly located in the lower portions of the
asparagus spears, which were discarded during the industrial
processing (Rodriguez et al. 2005), it is of practical interest to
add value to the residues by obtaining functional extract
containing one or more of bioactive compounds. Therefore,
it is necessary to recycle asparagus residues from wastes to
supplements for food and pharmaceutical industries (Zhao
etal. 2011).

Extraction was a critical step in isolation and recovery of
bioactive compounds. Equilibrium and mass transfer rate were
the two fundamental factors that govern the extraction process
(Cacace and Mazza 2003). Mathematical modelling of solid—
liquid extraction processes was an important engineering tool
in the design process in order to reduce energy, time and
chemical reagents consumption. The most commonly used
empirical model was the Peleg’s one for the description of
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moisture sorption curve (Peleg 1988) which could be adopted
during extraction processes (Kitanovi¢ et al. 2008; Buci¢-
Koji¢ et al. 2007; Joki¢ et al. 2010). In addition, there exist
many factors such as solvent composition, extraction time,
temperature, pH, solid-to-liquid ratio and particle size, which
might significantly influence the solid-liquid extraction pro-
cess (Prior et al. 2005).

Numerous assays were developed for measuring the anti-
oxidant activities and radical-scavenging capabilities of food
and biological products. However, there was no universal
method that could measure the antioxidant capacities of all
products accurately and quantitatively (He et al. 2012). Cur-
rently, on-line HPLC-ABTS- " assay for analyzing free radical
scavenging activity was developed based on the decrease in
absorbance at 734 nm after post column reaction of HPLC
separated antioxidants with ABTS-" (Koleva et al. 2010; He
et al. 2010; Gong et al. 2012a).

Some bioactive components in the inedible part of asparagus
including polysaccharides (Zhao et al. 2011, 2012), oligosaccha-
rides (Li et al. 2012), phenolics, mainly flavonoids (Fuentes-
Alventosa et al. 2009a, b; Baiano et al. 2014) were extracted with
microwave-assisted extraction (Baiano et al. 2014), ultrasonic
circulating extraction (Zhao et al. 2012) and hot water extraction
(Li et al. 2012). However, the extraction, fractionation, identifi-
cation and evaluation antioxidant capacity of antioxidant com-
pounds from asparagus residues were rarely reported.

The objective of this work was to investigate the effects of
extraction solvent, liquid—solid ratio, temperature and time on
the contents of total flavonoids (TF), total phenolics (TP) and
total antioxidant activity (TAA) of the extract from asparagus
residues. A mathematical model, based on Peleg’s equation,
was proposed to describe extraction kinetics, and one-factor-
at-a-time approach was applied to optimize extraction condi-
tion. In addition, antioxidant capacity of the extract was also
evaluated by off-line and on-line of high performance liquid
chromatography coupling with ABTS radical reaction system
(HPLC-ABTS-") and antioxidant compounds in the extract
were identified by HPLC-ESI-MSn.

Materials and methods
Materials and chemicals

The dried segments (residues) of Asparagus officinalis L.
(asparagus) were provided by Qinhuangdao Changsheng Ag-
ricultural Science and Technology Co., Ltd. (Hebei, China).
Samples, with moisture content of 7.2 % after dying, were
ground and passed through a 40-mesh sieve, giving particles
with average diameter (dp)<420 pm.

Folin-Ciocalteu’s phenol reagent, 2,2'-azinobis-(3-
ethylbenzothiazolin-6-sulfonic acid) (ABTS), 1,1-diphenyl-
2-picrylhydrazyl (DPPH), 6-hydroxyl-2,5,7,8-tetramethyl-

chroman-2-carboxylic acid (Trolox), were purchased from
Sigma-Aldrich (St. Louis, MO, USA). All the solvents (ana-
lytical grade) were purchased from Beijing Chemical Co.
(Beijing, China).

Extraction procedure

Extraction process was a very important stage for isolation
and identification of bioactive components. In this study, a
mathematical model, based on Peleg’s model, was proposed
to describe extraction kinetics, and one-factor-at-a-time ap-
proach was applied to investigate the effects of extraction
parameters (solvent, time, temperature and liquid—solid ratio)
on the yield of TP, TF and TAA of the extract which were the
key responses of the extraction process.

The initial step of the extraction experiment was to study the
effects of extraction solvents. The asparagus residues (5 g) were
placed into a flask (200 mL) and solvent (acetone, ethanol or
methanol) with different concentrations in distilled water (10,
30, 50, 70 and 90 %, v/v) was added at liquid—solid ratio of
20:1. Then, the extraction flask was placed in the water bath
with a speed of 80 rpm (DSHZ-300 Taicang Experimental
Instrument Factory, Jiangsu, China) at the constant temperature
of 70 °C for 2 h. The extract was filtered and each filtered
extract was stored in an amber-colored airtight container at
—18 °C until analyzed. Secondly, kinetic experiments were
performed to model the influence of extraction time (from
0.25t0 2.5 h) on the yield of TP, TF and TAA. The temperature
was kept 70 °C at the liquid—solid ratio of 20:1 with the
appropriate solvent. Thirdly, the effects of extraction tempera-
ture on the content of TP, TF and TAA were performed between
50 and 90 °C at a certain period of time with appropriate
solvent. Finally, the liquid—solid ratio were designed in the
range of 10:1 and 50:1 and extraction experiments were carried
out at appropriate temperature and time with proper solvent.

Preparation of the crude extract and fractions

The crude extract was centrifuged at 4,200 rpm for 10 min and
supernatant was collected, vaporized under vacuum at<50 °C.
Then, the supernatant was fractionized into four fractions with
ethyl ether, ethyl acetate and n-butanol, respectively (He et al.
2011). The upper phase during each liquid-liquid extraction
was marked as Fa, Fb and Fc. The lower phase during last
liquid-liquid extraction was residue aqueous phase marked as
Fd. All the fractions were evaporated to dryness under vacu-
um at<50 °C, redissolved in methanol (10 mL), filtered with
membrane (0.45 pm) and used for HPLC analysis.

Kinetic model

It has been stated that there was a similarity between extrac-
tion curves and sorption curves (Buci¢-Koji¢ et al. 2007; Jokic¢
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etal. 2010). Therefore, the application of Peleg’s equations for
modelling preliminary extraction results was examined.
The equation of the model proposed by Peleg (Peleg
1988) was adapted for extraction processes in the form
of Eq. (1):

t

Ct)y=Cop+———
(1) O+K1+K2-t

(1)

(where C(t) is the concentration of sample at time ¢ (mg/g
DW), t is the extraction time (min), C, is the initial concen-
tration of sample at time =0 (mg/g DW), K| is Peleg’s rate
constant (min-g/mg) and K, is Peleg’s capacity constant
(g/mg). Since Cj in all the experimental runs was 0, Eq. (2)
was used in the final form of Eq. (1):

t
K+ Kot

C(r) (2)

The Peleg’s rate constant K relates to extraction rate (By) at
the very beginning (¢=1),

By = Kil (mg/g-min) (3)

The Peleg’s capacity constant K, relates to maximum of
extraction yield, i.e. equilibrium concentration of extracted
total phenolis (Ce). When t— oo, Eq. (4) gives the relations
between equilibrium concentration and K, constant,

Crosp = Ce = K% (mg / g) (4)

C(t) could be estimated using Eq. (2) after determining K,
(Peleg’s rate constant) and K, (Peleg’s capacity constant)
values by plotting the graph between 1/Ct vs. 1/¢.

Determination of total flavonoids(TF) content

TF content was determined by the aluminium chloride color-
imetric method reported by Gong et al. (2012a). 0.5 mL of
sample (appropriately diluted) was mixed with 3.5 mL of
distilled water and 0.3 mL of sodium nitrite (75 g/L), then
the mixture reacted for 5 min. 3 mL of aluminium chloride
solution (10 g/L) was added and the mixture reacted for 6 min,
followed by an addition of 2 mL sodium hydroxide solution
(40 g/L). The final volume of the solution was up to 10 mL
using distilled water. After the reaction of 15 min, the
absorbance was measured against a blank at 510 nm
with a UV-visible spectrophotometer (Shimadzu UV-
1800, Kyoto, Japan). The calibration curve for this measure-
ment was established with standard solution of rutin and the
results were expressed as rutin equivalents (RE) mg per g dry
weight (DW).
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Determination of total phenolic (TP) content

TP content was measured by Folin-Ciocalteu method as de-
scribed by Gong et al. (2012b) with minor modifications.
0.5 mL of sample with appropriate dilution was mixed with
2.5 mL of Folin-Ciocalteu reagent (0.2 N). After the reaction
of 5 min, 2.0 mL of sodium carbonate (75 g/L) was added and
reacted for 2 h at room temperature. The absorbance of the
mixture was measured at 760 nm with a UV-visible spectro-
photometer (Shimadzu UV-1800, Kyoto, Japan). Gallic acid
was used as a standard and the results were expressed as gallic
acid equivalents (GAE) mg per g DW.

Evaluation of radical scavenging capacity (RSC)
ABTS-" radical scavenging activity

The capacity of scavenging ABTS-" was evaluated as de-
scribed by Gong et al. (2012b). ABTS-" was prepared by
ABTS stock solution (7 mmol/L in water) mixed with
2.45 mmol/L potassium persulfate. This mixture was kept in
the dark for 12-16 h at room temperature. The working
solution of ABTS-" was prepared by the stock solution
which was diluted until an absorbance of 0.7+0.02 at
734 nm. Then, 1 mL of sample (appropriately diluted)
and 3 mL of ABTS-" working solution were mixed for
reaction in the dark for 1 h, and the absorbance was
recorded at 734 nm with a UV-visible spectrophotome-
ter (Shimadzu UV-1800, Kyoto, Japan). The dose-re-
sponse curves of Trolox were carried out by the above
mentioned method. The scavenging capacity was calcu-
lated as Eq. (5):

Acon O _Asam e
Hloontrol” Fsample 1 30 (5)

Scavenging rate% =
Acontrol

(wWhere Agumpic is the absorbance of ABTS- " with sample at
734 nm; Aconyor refers to the absorbance of ABTS- “without
sample at 734 nm).

All of the results were expressed as Trolox equivalent
antioxidant capacity and expressed as Trolox equivalent anti-
oxidant capacity (mmol TEAC/g DW).

DPPHradical scavenging activity

The scavenging DPPH-was carried out on the basis of the
method descrided by He et al. (2010). DPPH was dissolved in
ethanol to the concentration of 1.75x10* mol/L. 2 mL of
diluted extract was mixed with 2 mL of DPPH solution,
the mixture was kept in dark for 60 min and the
absorbance at 517 nm was measured with a UV-visible
spectrophotometer (Shimadzu UV-1800, Kyoto, Japan).
The dose-response curves of Trolox were carried out by
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the above mentioned method. The scavenging capacity was
calculated as Eq. (6):

A, —A
Scavenging rate% = “eontrol_TRsample . 100% (6)

Acontrol

(wWhere Agmpic is the absorbance of DPPH - with sample at
517 nm; A ool refers to the absorbance of DPPH - without
sample at 517 nm).

All of the results were expressed as Trolox equivalent
antioxidant capacity and expressed as Trolox equivalent anti-
oxidant capacity equivalent (mmol TEAC/g DW).

HPLC-DAD and HPLC-EDI-MS" analysis

Seperation of the antioxidant compounds in four fractions of
the extract was performed on a HPLC equipment of Agilent
1100 series with a diode array detector (DAD)(He etal. 2011).
Sample (20 pL) was separated on an Agilent Zorbax SB C-18
comlumn (250 mmx4.6 mm i.d., 5 um particle size) with a
gradient elution system. The mobile phase consisted of two
solvents: solvent A was 0.2 % (v/v) formic acid, and solvent B
was 100 % methanol. Gradient elution was carried out as
follows: initially, 70 % of solvent A followed from 70 to
60 % in 10 min, 60-30 % from 10 to 25 min, from 30to
25 % in 5 min, and 25-15 % from 30 to 35 min. The flow rate
was kept at 0.7 mL/min and the temperature of column was
30 °C. The DAD wavelength was set at 280 nm.

The identification of antioxidant compounds in four frac-
tions of the extract was carried out by comparing the charac-
teristics of DAD spectra, retention time of standard com-
pounds and MS data to those in the literature. The mass
detector was an Agilent G6310 ion-trap mass spectrometer
(Agilent Technologies, USA) equipped with the electrospray
ionization (ESI) system and controlled by Agilent LC/MSD
trap software. Nitrogen was used as nebulizing gas at a pres-
sure of 40 psi and the flow rate was adjusted at 12 L/min. The
nebulizer temperature was 350 °C and capillary voltage was
maintained at 4,000 V. The full scan mass spectra of the
compounds were measured from m/z 100 to m/z 1200. MS
data were acquired in the positive ionization mode and MS/
MS data in the automatic mode.

HPLC coupled with ABTS assay was performed by using
the method developed by He et al. (2011), (2010), Gong et al.
(2012b) and Koleva et al. (2010) with some modifications.
The extract (20 nuL) was injected into an Agilent HPLC
system. HPLC separation was carried out as described in the
previous section. HPLC eluate from the column then arrived
at a T-junction, where the ABTS reagent was added. The
ABTS reagent flow rate was 0.5 mL/min delivered by a
Waters Reagent Pumn (Waters Corporation, USA). After the
eluate mixed with ABTS reagent in a reaction coil (15 mx
0.25 mm i.d. PEEK tubing) maintained at 30 °C with a Waters
temperature control module (Waters Corporation, USA), the
negative peaks were measured by DAD at 734 nm. Data were
analyzed using Agilent Chemstation Software.

Table 1 The effects of different

TP (mg GAE/g) TAA (DPPH radical
scavenging)

(mmol TEAC gfl)

TAA (ABTS radical
scavenging)
(mmol TEAC g 1)

solvents on total flavonoids (TF), Extraction TF (mg RE/g)
total phenolics (TP) contents and solvent
antioxidant activity (TAA) of as-
paragus residues extract
Acetone (%)
10 4.50+£0.48
30 5.24+0.44°
50 4.52£0.31™
70 4.16%0.27°4
90 3.8540.24°¢
Ethanol (%)
10 4.26+0.43"4
30 4.88+0.34
50 5.43+0.39%
bed
Extractions were carried out at 70 4.36+0.44 y
70 °C for 2 h in the liquid-solid 90 4.05+0.52°
ratio of 20:1 Methanol (%)
The results were expressed as 10 3.68+0219
mean + standard deviation cd
30 3.84+0.20
(n=3), the different letters indicat- bed
ed that difference was significant 50 4.16+0.06
(P<0.05), and the same letter was 70 4.26+0.17°
expressed as insignificant 90 4.08+£0.12%¢

difference (P>0.05)

10.68+0.57° 0.040+0.004°% 0.081+0.005%"
11.63+0.59* 0.050+0.004%° 0.102+0.005°%
11.84+0.61% 0.044+0.002°¢ 0.096+0.006%F
7.78+0.44° 0.035+0.005°" 0.074+0.004"
5.366+0.55¢ 0.030+0.0058 0.058+0.001"
10.58+0.46° 0.040+0.002°% 0.109+0.004¢
11.24+0.02%® 0.049+0.004% 0.127+0.005°
12.03+0.22° 0.056+0.003* 0.141+0.003*
9.55+0.31¢ 0.044+0.001 0.111+0.003¢
4.43+0.45" 0.031+0.002% 0.086+0.006"
6.16+£021° 0.031+0.001% 0.056+0.005"
7.64+0.19° 0.038+0.001°% 0.075+0.005"
8.56+0.54¢ 0.040+0.001°% 0.096+0.001%F
8.92+0.31% 0.043+0.002>¢ 0.105+0.004¢
7.17+0.55° 0.037+0.002%" 0.089+0.007°'
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Table 2 Linear correlation coefficients between the contents of total flavonoids (TF), total phenolics (TP) and antioxidant activity of the extract

Ethanol Acetone Methanol

TAA DPPH: ABTS-" DPPH- ABTS-" DPPH- ABTS-*

TF y=1.62x-0.32 y=3.53x-0.47 y=1.47x-0.25 y=0.25x+0.15 y=3.47x-0.66 y=1.57x-0.37
R2=0.878 R2=0.910 R2=0.947 R2=0.840 R%=0.817 R2=0.877

TP y=0.28x+0.16 y=0.62x+0.55 y=3.12x-0.56 y=0.59x+0.26 y=0.89x+0.02 y=0.59x+0.07
R?=0.801 R?=0.819 R%=0.852 R2=0.902 R%2=0.913 R2=0.949

Statistical analyses

The extraction experiments were conducted in duplicate, and
all the analyses were done in triplicate. The results were
presented as the means =+ standard deviation. Data were ana-
lyzed by one-way analysis of variance using the SPSS 16.0
package (SPSS Inc., Chicago, USA), and the means were
analyzed by Duncan’s multiple-range test. The correlations
analysis was carried out using the Pearson mode. The concor-
dance between experimental data and calculated values was
established by the root mean squared deviation (RMSD).

Results and discussion
Extraction procedure
Extraction solvents

The impact of different extraction solvents on TP, TF contents
and TAA was evaluated and the results showed that the
contents of TP, TF and TAA were dependent on the type and
concentration of extraction solvents (Table 1). With the or-
ganic solvent concentration increasing, TF content was ini-
tially increased and then decreased. The content of TF in the
extracts with different solvents reached the highest value at
30 % of acetone, 50 % of ethanol and 70 % of methanol,
respectively. TF content in the extracts with 30 % acetone and

50 % ethanol were significantly (P<0.05) higher than those
with other solvent concentrations. This phenomenon might be
attributed to the change of solvent polarity with the rise of
organic solvent proportion. Furthermore, soluble phenolic
compounds were mainly distributed in the cell vacuoles, while
most lignin, flavonoids, and insoluble phenolics compounds
were deposited in the cell wall combined with proteins and
polysaccharides through the hydrogen bond and hydrophobic
bond. Low concentration of organic solvents could access to
cells, but high concentration would cause protein denatur-
ation, preventing the dissolution of polyphenols and then
influencing the extraction rate (Chen et al. 2013). Apart from
polarity of the solvents, there were several factors such as
solvent viscosity, surface tension and vapour pressure affect-
ing extraction yield (Yang et al. 2009). Comparing the max-
imum levels of TP in the extract with different solvents, TP
content in the extract with 50 % ethanol was significant higher
than that with 70 % methanol (P<0.05).

The value of TAA was gradually elevated with the increase
of organic solvent proportion in the extraction solvent, and the
maximum values were observed in the extract obtained with
30 % acetone, 50 % ethanol and 70 % methanol, respectively.
This phenomenon was similar to the extraction of phenol
compounds from the rootlets reported by Meng et al.(2009).
TAA of'the extracts obtained with different extraction solvents
presented the following order: 50 % ethanol>30 % acetone
(P>0.05)>70 % methanol (P>0.05) (DPPH assay), 50 %
ethanol>70 % methanol (P<0.05)>30 % acetone (P>0.05)

Fig. 1 Comparison of a b
experimental (symbols) and 14+ ¢ Total phenolics A Total flavonoids % 0.167 +DPPH A ABTS
predicted by Peleg’s model (line) 3 0.14- A
values for the extraction of 127 o + P g A A .
antioxidant compounds from 104 ® ¢ E 012 i
asparagus residues with 50 % ) P ? 0.1
aqueous ethanol (each %0 8- 5 :
experimental value was the mean & Y. S o008 f
of three measurements) 2 6 g
] . = 0.06 =
o A < a g v
© 4 A 8 B
= 0.04
<
2 S 0.02
=
0 L T T T T T 0
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
Time (h) Time(h)
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Table 3 The kinetic parameters of Peleg’s model for TF, TP and TAA; and comparison of experimental and calculated values

Bioactive compounds Bo(mg/g-min) K;(min-g/mg) Ky(g/mg) Ce(mg/g) RMSD
TP 0.9017 1.109 0.073 13.698 0.6211
TF 0.8496 1.177 0.207 4.831 0.2935

TAA By(mmol/g-min) K (min-g/mmol) K5(g/mmol) Ce(mmol/g) RMSD
ABTS-" 0.0129 77.28 6.14 0.1629 0.0046
DPPH- 0.0118 84.96 16.80 0.0595 0.0028

(ABTS assay). The higher activity of the extract obtained with
medium concentration ethanol was probably due to its higher
polarity, lower viscosity and surface tension as compared to
other solvents. Considering TP, TF contents and TAA, as well
the safety of solvents, 50 % ethanol was ultimately chosen as
the extraction medium. The same conclusion was also reported
by Liyana-Pathirana and Shahidi (2005) and Jing et al. (2011).

Relationship between TAA and contents of TP and TF

From Table 1, it could be found that TAA was increased with
the rise of TP and TF contents in the extract. To gain a better
understanding of the relationship between TAA and contents
of TP and TF, the analysis of TAA correlating with TP and TF
contents were performed (Table 2). TAAs with ABTS-" and
DPPH - were correlated with TP and TF contents in the extract
with different organic solvents. And, the different correlation
coefficients of two assays (DPPH and ABTS) was estimated
due to the production of the free radicals in different ways.
DPPH-was a nitrogen radical relatively stable, ABTS- " was
produced by the reaction among ABTS, potassium persulfate
and H,0, (Re et al. 1999). ABTS-" was soluble in both
aqueous and organic solvents and was not affected by ionic
strength. Some antioxidants, which reacted quickly with
peroxyl radicals, might react slowly or even be inert to
DPPH - due to steric inaccessibility (Koleva et al. 2010). These
results of correlation analysis revealed that phenolics and

Fig. 2 Influence of extraction a
temperature on the contents of 147
total phenolics, total flavonoids
and total antioxidant activity 12
(DPPH, ABTS assays) of the b -
extracts from asparagus residues *. 101 4 -
Theresults were expressed as mean
+ standard deviation (n=3), the
different letters indicated that the
difference was significant
(P<0.05), and the only same letter

Total polyphenols

Content (mg/g)

HTotal flavonoids 0.16

flavonoids compounds would probably play an important role
in the antioxidant capacity of the extract from asparagus
residues, which corresponded to the previous reports (Sun
2007; Fuentes-Alventosa et al. 2008).

Extraction time

Figure 1(a) and (b) showed the variations of TF and TP
content as well TAA with the extension of time in the extracts
obtained with a 50 % aqueous ethanol solution at temperature
of 70 °C. As observed, both TP, TF contents and TAA were
rapidly increased with time extension at the first 1 h, then kept
to a constant value or slightly decreased. The kinetic curve
was composed of three parts: the first part corresponded to
dissolution of easily available substances at a particle surface.
The second part described the simultaneous dissolution of the
remaining substances at the surface and the substances in the
internal region of the solid and last part was slowly (or no) rise
of the curve, which showed the entire exhausting of the
surface region of soluble substances (Diankov et al. 2011).
After a very fast initial increase (0-0.5 h), the rate of TF and
TP accumulation in the solvent was rapidly decreased. After
about 2 h of extraction, TP and TF contents reached a maxi-
mum values, which were 11.42 mg/g and 4.95 mg/g, respec-
tively. Decrease of TF and TP contents with an extension of
extraction time, especially after the rapidly initial increase,
suggested that although TF and TP were efficiently extracted,

b

EABTS DPPH
0.14

0.12

Total antioxidant activity (mmol/g)

a
be b bec
c
b 0.1
a 0.08 |
b be b ¢
b b b % o006 ¢ K
was expressed as insignificant 4- . I x I s
difference (P>0.05). * Extractions 0.04
were carried out for 2 h with the 2
solvent of 50 % ethanol 0.02
0 T T T 1 0
50 60 70 80 90 50 60 70 80 90

Temperature (C)

Temperature (C)
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Fig. 3 Influence of liquid—solid
ratio on the contents of total
phenolics, total flavonoids and
total antioxidant activity (DPPH,
ABTS assays) of the extracts from
asparagus residues®. The results
were expressed as mean £
standard deviation (n=3), the
different letters indicated that the
difference was significant
(P<0.05), and the only same
letter was expressed as
insignificant difference (P>0.05).
® Extractions were carried out for
2 h with the solvent of 50 %
ethanol at temperature of 80 °C

L
[
[=%
J

B Total flavonoids

ab - a

— — —
(=} (38 &~
1 ! 1

Content (mg/g)
(=<}

b

0187 mABTS

b b
b a b
- B B

DPPH
0.16

Total phenolics
0.14
0.124

Total antioxidant activity (mmol/g)

a
b
C
4-
2
0 T T
10:1

20:1 30:1

Liquid-solidratio

they were not stable at high temperature and probably a part of
already extracted flavonoids and phenolics were thermally
degraded under these conditions. Such thermal instability of
flavonoids and phenolics has been reported for the extracts and
juices from other vegetal sources (Fischer et al. 2013; Cissé
etal. 2012; Kechinski et al. 2010). Therefore, an excessive time
was not effective to the extraction process, which might be
attributed to the degradation of TP and TF for longer extraction
time (Liyana-Pathirana and Shahidi 2005; Chirinos et al. 2007).

Peleg’s equations (Eq. (2)) were fitted to the experimental
data and the model parameters were estimated. In addition,
Fig. 1 showed a very good agreement between experimental
data and those estimated by the Peleg’s model. Therefore, this
model was selected for describing the kinetics of the

b

-
20:1 30:1 40:1 50:1
Liquid-solidratio

C
0.1
0.08 -
a
0.06 | ¢
0.04 -
0.02 -
T T 0 - T
50:1 10:1

40:1
extraction process from asparagus residues. The values of
the initial extraction rate (By) and maximum content and the
strongest TAA (Ce) from the Peleg’s model were estimated
(Table 3).

The maximum contents of TF and TP for extraction time of
2 h, were 4.78 mg/g and 11.8 mg/g, respectively, which were
1.7 and 1.5 times higher than those for 0.5 h. Figure 1(b)
indicated that TAAs (ABTS- " and DPPH-) were increased with
the extension of extraction time, and reached to the maximum
values at 2 h, which were 0.142 mmol/g and 0.062 mmol
TEAC/g, respectively. Similar phenomenon was also observed
in other studies (Sun 2007; Karacabey and Mazza 2010). Thus,
the extraction time of 2 h was preferred as the appropriate
extraction time.
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Fig. 4 HPLC-ABTS-" chromatographic profiles of antioxidant compounds in ethyl ether fraction of the extrac

for 2 h with 50 % ethanol in liquid—solid ratio of 30:1
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Fig. 5 HPLC-ABTS- " chromatographic profiles of antioxidant compounds in ethyl acetate fraction of the extract

Extraction temperature

The effect of extraction temperature (50-90 °C) on the contents
of TP and TF as well TAA was investigated with 50 % ethanol
and liquid—solid ratio of 20:1 for 2 h. Figure 2(a) demonstrated
that the content of TP was affected significantly (P<0.05) by the
temperature. With the rise of temperature, the contents of TP, TF
and TAA were firstly increased and then decreased (Fig. 2b).
This phenomenon could be explained that at low temperatures,
the mass transfer was slow and the raw material was required for
longer time to dissolve bioactive components into the solution,

at high temperature, solvent viscosity was declined and the
molecular movement was accelerated, which led to increase
the dissolution of bioactive compounds due to the increase of
diffusion coefficient. However, at higher temperature, bioactive
compound dissolution came into equilibrium in a short period
and had little change with the increase of the extraction temper-
ature, even bioactive compounds were gradually degraded
(Liyana-Pathirana and Shahidi 2005; Tiirker and Erdogdu
2010). The contents of TP and TF reached maximum values at
80 °C, which were 11.7 mg/g and 5.5 mg/g, respectively. Thus,
the extraction temperature of 80 °C was preferred.
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Fig. 6 HPLC-ABTS:" chromatographic profiles of antioxidant compounds in n-butanol fraction of the extract
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Fig. 7 HPLC-ABTS- " chromatographic profiles of antioxidant compounds in aqueous fraction of the extract

Extraction liquid—solid ratio

In order to evaluate the effect of liquid—solid ratio ranging
from 10:1 to 50:1 on contents of TP and TF, the extractions
were carried out with ethanol concentration of 50 %, extrac-
tion time of 2 h and temperature of 80 °C. The results indi-
cated that with the increase of liquid—solid ratio, TF and TP
contents were firstly increased and then decreased (Fig. 3a).
This was because the higher liquid—solid ratio provided the
larger concentration gradient which was favored to the mass
transfer but this effect was more significant at small scope of
liquid—solid ratio. As the restriction to the mass transfer was
greatly related with the solid interior, larger amount of solvent
could hardly change the concentration gradient (Mangesh
et al. 2013). However, the effect of liquid—solid ratio on the
contents of TP and TF was not significant. The similar con-
clusion was also presented by Yang et al. (2009). From
Fig. 3b, the difference of liquid—solid ratio had no significant

effect on TAA. TAAs (DPPH and ABTS assays) were initially
increased from10:1 to 30:1, and then decreased. Therefore, the
appropriate extraction liquid—solid ratio was preferred as 30:1.

On-line HPLC-ABTS assay

Two in vitro assays based on DPPH-and ABTS:" radical
scavenging capacity were applied to evaluate antioxidant ac-
tivity of the extract from asparagus residues. ABTS* " solution
was stable during the reaction with fractions. Accordingly, on-
line HPLC-ABTS- " rapid screening of individual antioxidants
in the extract and fractions was established. ABTS* " solution
has a deep green color with maximum absorbance at 734 nm,
and any quenching of the radical resulting in a loss of color
was indicated by a negative peak on the HPLC profile. The
four fractions showed the similar chromatographic finger-
prints according to Figs. 4, 5, 6 and 7, and HPLC peaks 1, 3
and 4 could generally be found in the profiles of Fa to Fd.

Table 4 Mass spectral characteristics and identification of antioxidant activity compounds in asparagus extract

Peak No. [M+HT" Product ion scan fragments of [M+H]" (M/Z(%)) UV-visible max (nm) Compound

1 195 178 (89), 132 (23) 241,315 Ferulic acid

2 611 465(65), 303(84) 255, 365 Quercetin-3-rutinoside *
3 303 275(90), 195(12) 260, 350 Quercetin

4 317 301(86), 153(35), 240, 365 Isorhamnetin

5 287 269(76), 165(33) 255,351 Kaempferol

6 432 290(67), 247(45), 183(33) 230, 320 Not identified

7 499 481(78), 437(34), 355(52) 225,275 Not identified

8 349 329(98) 230, 325 Not identified

9 340 322(86), 209(46) 250, 325 Not identified

# Comparison with standard
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Compounds 5, 7, 8, 9 exhibited little or no (compound 6)
scavenging capacity even though they had relative high re-
sponse values in HPLC profiles. Compounds 1, 2, 3 and 4
showed stronger antioxidant activity. The post-reaction fin-
gerprints of the ABTS-" showed that compounds 1 and 7
exhibited maximal wavelength between 210 and 290 nm,
which indicated that they might be phenolic acids with the
benzoic acid carbon framework (Robbins 2003). Several other
antioxidant compounds detected in Fa (peaks 2, 3, 4 and 5)
could give positive peaks in the UV detector at 260 nm and
360 nm, which were the typical flavonoid peaks (De Rijke
et al. 2000).

HPLC-ESI-MS/MS analysis

HPLC-ESI-MS/MS analysis was conducted to identify
targeted compounds. Based on the retention time, DAD and
MS/MS spectra, the major free radical scavengers were tenta-
tively identified, and spectral data were presented in Table 4.
These compounds could be classified into three categories:
phenolic acid, flavonoid glycosides and flavonols.
Compound 1, A, of 315 nm with a shoulder at 240 nm,
indicated that it’s phenolic acid. The parent ion of compound1
was m/z 195, and it generated a series of fragments ions at m/z
178, m/z 132. The daughter ion at m/z 178 was formed by the
loss of one water molecule from the parent ion. Based on the
MS and UV information and comparing with the literature data
(Jong et al. 2006), compound 1 was identified as ferulic acid.
Compounds 2, 3 presented two absorption peaks between
190 and 400 nm and could be easily associated with flavonoid.
Flavonoid has two maximum absorbances in ultraviolet region
of 240-285 nm (band II) and 300400 nm (band I) (Plazoni¢
et al. 2009). Compound 2 was inferred as flavonoid glycosides
on the basis of its UV spectrum. The ESI-MS spectrum
displayed an intense parent ion at m/z 611, a fragment m/z
465, which was due to a loss of a rhamnose moiety from the
parent ion. The MS/MS fragment at m/z 303 matched with
quercetin derivatives. In previous study, the presence of
quercetin-3-rutinoside (rutin, compound 2) was revealed in as-
paragus (Devaraj et al. 2011; Fuentes-Alventosa et al. 2009a, b).
Moreover, by comparison with MS, MS/MS data and UV
spectrum of the standard compound, compound 2 was identified
as quercetin-3-rutinoside (Del Rio et al. 2004; Wang et al. 2003).
According to MS, MS/MS data and UV spectrum of compound
3, the fragments of m/z 275 were the products of [M+H-CO],
therefore, it was identified as quercetin (Mullen et al. 2003).
Compound 4 (m/z 317), made up of fragments of m/z 301
(IM+H-0]) and m/z 153. According to the literature (Hossain
et al. 2010), compound 4 was identified as isorhamnetin.
Compound 5 with [M+H] of m/z 287 generated a series of
fragments ions at m/z 269 and m/z 165. This fragmentation
pattern was testified as kaempferol (Lu et al. 2010), so, com-
pound 5 was tentatively identified as kaempferol.

The MS information of peaks 6, 7, 8 and 9 was uncertain and
further research work was required to identify their structures.

Conclusion

In this study, the kinetics and favorable parameters of solid—
liquid extraction of antioxidant compounds from asparagus
residues were estimated. The extract was fractionized into four
parts and their antioxidant activities were evaluated by on-line
HPLC-ABTS-" method. Flavonoids and phenolics com-
pounds were dominantly contributed to antioxidant activity
of the extract from asparagus residues. Five antioxidant com-
pounds, ferulic acid, kaempferol, quercetin, rutin and
isorhamnetin were identified with HPLC-MS/MS. The find-
ings implied that asparagus residues could be potential to be
utilized as nutraceutical resource.
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