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Commercial pectolytic enzymes were investigated for their influence on phenolics and antioxidant
activities of asparagus juice. The antioxidant activity of asparagus juice was analyzed according to
2,2′-diphenyl-l-picrylhydrazyl and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) methods. The
enzymes, with the exception of pectinase from Rhizopus sp., contained rutinase, which hydrolyzed
rutin to quercetin. Asparagus juice treated with Viscozyme had the highest quercetin content without
exhibiting a significant increase in the antioxidant activity. For a pectinase from Aspergillus niger, the
antioxidant activity of asparagus juice was markedly reduced. Caution should be paid in the selection
of pectolytic enzyme preparations for production of antioxidant activity-rich juice.
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INTRODUCTION

Asparagus (Asparagus officinalisL.) is a nutritious and
healthy vegetable containing ascorbic acid, vitamin B6, folic
acid, rutin, saponin, and glutathione (1). The antioxidant activity
of asparagus was the greatest among 23 vegetables analyzed
according to the method of inhibition of low-density lipoprotein
oxidation and one of the greatest among 43 vegetables tested
by using theâ-carotene bleaching method (2, 3). Antioxidants
in asparagus can protect human beings against diseases, such
as cancer and cardio- and cerebrovascular diseases. The major
antioxidant of asparagus has been reported to be rutin (3).

Asparagus lignifies and deteriorates quickly after harvest. To
extend the shelf life of asparagus and maintain its nutrients,
fresh asparagus can be frozen, canned, or pickled. A significant
amount of wholesome asparagus is rejected due to cosmetic
defects. One of the major needs for the asparagus industry at
the present time is the development of new processed asparagus
products to utilize the waste asparagus. One utilization of such
asparagus could be in the beverage industry. A portion of
asparagus waste could be made into juice and marketed as an
antioxidant-rich product. Asparagus juice is a relatively new
product in the United States, although it has been a commercial
product in Asia. To produce juices, pectolytic enzymes with
the ability to degrade pectic substances in plants are commonly
used to increase the yield and improve the liquefaction,
clarification and filterability of juice (4). During liquefaction,
cell walls of fruits or vegetables are degraded to release the

cell contents. Pectolytic enzymes are crude fungal preparation
containing impurities, such as extraneous enzymes, mucilage,
and melanoidins (5, 6). Side activities have been found in these
crude enzymes, such as hemicellulases (arabinases, arabinoga-
lactanases, and cellulases), glucosidase (â-glucosidase,â-1,2-
glucosidase,R-L-arabinofuranosidase, andR-L-rhamnopyranosi-
dase), and esterases (tannase and chlorogenase) (7). â-Glucosidase
in commercial pectolytic enzyme preparations can hydrolyze
the glycoside of anthocyanins and cause pigment loss of
strawberry juice (8). These enzymes also contained glucu-
ronidase-type activity, which can hydrolyze quercetin glucu-
ronide, leaving the quercetin aglycon. Some enzymes have an
esterase activity with the ability to hydrolyze the tartaric ester
of caftaric acid, rendering free caffeic acid (9). The effect of
crude pectolytic enzyme preparations on the phenolics of
asparagus juice has not been reported. Rutinase has been purified
from tartary buckwheat seeds (10,11), which can cleave the
glycoside of rutin to form quercetin (Figure 1). Rutin showed
lower antioxidant activity than quercetin as measured by various
methods (12-14). The main objective of our research work was
to investigate the presence of rutinase in commercially available
pectolytic enzymes and their effects on the phenolic composition
and antioxidant activity of asparagus juice.

* Corresponding author [e-mail powersjr@wsu.edu; telephone (509) 335-
5634; fax (509) 3335-4815].

† Department of Food Science and Human Nutrition.
§ Department of Biological Systems Engineering.

Figure 1. Cleavage of glycoside from rutin to form quercetin by rutinase.
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MATERIALS AND METHODS

Chemicals. Rutin, quercetin, ABTS, DPPH, Trolox (6-hydroxy-
2,5,7,8-tetramethychroman-2-carboxylic acid), potassium persulfate,
polygalacturonic acid, and 2-cyanoacetamide were of analytical grade
and supplied by Sigma-Aldrich (St. Louis, MO). Sodium acetate
(analytical grade), acetonitrile, and acetic acid (HPLC grade) were
purchased from Fisher Scientific (Springfield, NJ). Coomassie Brilliant
Blue concentrate was purchased from Bio-Rad Laboratories (Hercules,
CA). Pectolytic enzyme preparations were purchased from different
sources as listed inTable 1.

Preparation of Asparagus Juice.Asparagus (A. officinalisL.) was
purchased from a local supermarket and blanched in 10 volumes of
water (w/v) in a water bath (Precision Scientific Co., Chicago, IL) at
90 °C for 2 min to inactivate enzymes. Blanched asparagus was
macerated to produce juice using a model 1738 domestic juicer (Braun).
Crude juice was centrifuged using a Beckman J2-HS centrifuge
(Beckman, Palo Alto, CA) at 26712g for 15 min, and the clear
supernatant was stored at-20 °C for future experiments.

Polygalacturonase (PG) Activity Analysis.The PG activity of the
pectolytic enzyme preparations was analyzed (15). The reaction solution
(2 mL) with 37.5 mM sodium acetate (pH 4.4) and 0.2% polygalac-
turonic acid was mixed with 25µL of enzyme solution and incubated
at 30°C for up to 30 min. One milliliter of cold 100 mM borate buffer
(pH 9.0) was added to the solution to terminate the reaction. To quantify
the released reducing groups, 0.2 mL of 1% 2-cyanoacetamide was
added and the mixture was incubated in boiling water for 10 min (15).
After the solution had cooled to 25°C, the absorbance of the solution
was determined at 276 nm with an Ultrospec 4000 UV-visible
spectrophotometer (Pharmacia Biotech, Cambridge, U.K.). Galacturonic
acid (10-100µM) was used to prepare a standard curve. One unit of
PG activity was defined as 1µmol of reducing groups produced per
minute. The protein content of the pectolytic enzyme preparations was
determined (16). Coomassie Brilliant Blue concentrate was diluted by
4 times with water, 1 mL of which was mixed with 20µL of enzyme
solution. The absorbance of the solution was measured at 595 nm after
10 min of incubation. Bovine serum albumin in 0.15 M NaCl solution
was used to construct a standard curve. The PG activity of pectolytic
enzyme preparations was calculated on the basis of the protein content.

Determination of Rutinase Activity of Pectolytic Enzyme Prepa-
rations. Aliquots of enzyme solution equivalent to 3.4 units of PG
activity were added to 2 mL of 160µM rutin solution with 0.4% sodium
acetate and 20% methanol at pH 5.0. The mixture was incubated at
37 °C for 5, 10, or 20 min to determine the produced quercetin content
and evaluate its rutinase activity. One unit of rutinase activity was
defined as 1µmol of quercetin produced per minute under standard
assay conditions (10).

Incubation of Pectolytic Enzyme Preparations with Asparagus
Juice. Pectolytic enzyme preparations were added at 6.9 units of PG
activity to 4 mL of asparagus juice, which was incubated in capped
glass vials in a water bath shaker at 37°C. At 0.5, 1, 2, 4, 8, 16, and
22 h, 0.4 mL of asparagus juice was removed and added with 1.2 mL
of methanol to inactivate the added enzyme. Control was asparagus
juice incubated at the same condition without the added pectolytic
enzyme.

HPLC Analysis. Concentrations of rutin and quercetin in asparagus
juice were determined using an Agilent 1100 HPLC (Palo Alto, CA)
equipped with a quaternary pump, vacuum degasser, thermostatic
column compartment, and diode array detector. A Vydac 201TP C18
(50 mm× 4.6 mm i.d., 5µm particle size) guard column (Columbia,
MD) and a Vydac 202TP54 C18 column (250 mm× 4.6 mm i.d.,
5 µm particle size) (Columbia, MD) were used and maintained at
40 °C during analysis. External standards of rutin and quercetin
(0.01-1 mg/mL) were used to prepare the standard curves. Isocratic
elution with 5% acetic acid, 24% acetonitrile, and 71% water was used.
The running time of analysis for each sample was 25 min. The sample
injection volume was 25µL, the flow rate of HPLC was 0.5 mL/min,
and the detector was set at 280 and 360 nm.

Measurement of Antioxidant Activity of Asparagus Juice. For
the 2,2′-diphenyl-1-picrylhydrazyl (DPPH) assay, aliquots of diluted
asparagus juice were added to 1 mL of DPPH solution and the
absorbance of the DPPH solution was determined at 515 nm after 30
min of incubation (17). Trolox was used as a reference to compare the
antioxidant activity of asparagus juice. The inhibition percentage of
the absorbance of DPPH solution added with sample was calculated
using the following equation:

Abst)0min was the absorbance of DPPH at time 0, and Abst)30min was
the absorbance of DPPH after 30 min of incubation.

The reduction of the absorbance was plotted against the amount of
sample tested to draw a regression line. The ratio between the sample
and Trolox’s regression line was calculated and expressed as the Trolox
equivalent antioxidant activity (TEAC). For the 2,2′-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay, the blue/green
ABTS•+ free radical was produced from the reaction of ABTS and
potassium persulfate (18). Aliquots of diluted asparagus juice were
added to 1 mL of ABTS solution, and absorbance was determined at
734 nm after 10 min of incubation. The inhibition percentage of
absorbance and the TEAC of asparagus juice were calculated in the
same way as described for the DPPH method.

The antioxidant activities of pure rutin and quercetin were analyzed.
Rutin (330µM) and quercetin (590µM) were prepared in methanol.
Aliquots of the standard solutions were added to 1 mL of DPPH or
ABTS solution to determine their antioxidant activity as described
previously. TEAC was the concentration of antioxidant giving the same
reduction of absorbance of the free radical as 1 mM Trolox.

Analysis of Total Phenolic Content. Total phenolic content of
asparagus juice was analyzed according to the Folin-Ciocalteu method
(19). Concentrated Folin-Ciocalteu reagent was diluted by 10 times
with water. Asparagus juice (0.1 mL) was mixed with 0.75 mL of
diluted Folin-Ciocalteu reagent and incubated for 5 min at room
temperature, and 0.75 mL of 2% sodium carbonate solution was added.
After incubation for 15 min at room temperature, the absorbance of
the solution was determined at 750 nm. Catechin was used to prepare
the standard curve.

Statistical Analysis. Enzyme analysis, such as PG activity and
rutinase activity, and the experiments on Viscozyme and pectinase from
Aspergillus niger, were performed in triplicate. The average values and

Table 1. Source and Polygalacturonase Activity (PG) of the Pectolytic Enzyme Preparations (n ) 3)

enzyme source
PG activitya

(units/mL)
PG activitya

(units/mg of protein)

Crystalzyme Valley Research Inc. 124.2 ± 3.8c 2.62 ± 0.08f
high-strength pectinase InterSpex 88.7 ± 6.3e 2.66 ± 0.19f
super-blend pectinase InterSpex 97.5 ± 8.0de 3.34 ± 0.27e
Rhozyme InterSpex 30.0 ± 2.6g 5.49 ± 0.48c
Viscozyme Novo Nordisk 172.5 ± 7.2a 4.43 ± 0.18d
pectinase from A. aculeatus Sigma 155.0 ± 11.0b 8.60 ± 0.61b
pectinase from A. niger Sigma 115.0 ± 2.8d 4.87 ± 0.12cd
pectinase from Rhizopus sp. Sigma 51.0 ± 2.0f 20.33 ± 0.80a

a ANOVA to compare data in each column: data sharing the same letter were not significantly different (P ) 0.05). One unit of activity means 1 µmol of reducing groups
produced per minute. Rhozyme and pectinase from Rhizopus sp. were powder and prepared in 10% (w/v) solution.

inhibition % ) (Abst)0 - Abst)30min)/Abst)0 × 100
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standard deviations were calculated using Excel (Microsoft Inc.,
Redmond, WA). The data were analyzed by one-way ANOVA and
multiple comparisons (Fisher’s least-significant-difference test) to
evaluate the significant difference atP < 0.05 (20). The statistical
calculations were done using SYSTAT (Systat Software Inc., Point
Richmond, CA).

RESULTS AND DISCUSSION

PG Activity. The pectolytic enzyme preparations showed
various PG activities (Table 1). The variability in the activities
was due to the source of the enzyme and the purity as supplied
by the manufacturers. The rank of the PG activities of the
enzyme preparations differed when compared on the basis of
volume and protein content. Pectinase fromRhizopussp. showed
the largest PG activity, 20.3 units/mg of protein. On the basis
of volume, Viscozyme showed the greatest PG activity,
172.5( 7.2 units/mL.

Rutinase Activity. The pectolytic enzyme preparation with
the exception of pectinase fromRhizopussp. showed rutinase
activity. Our finding is the first report of rutinase activity in
pectolytic enzyme preparations. The rutinase activity of the
enzyme preparations ranged from 0.006( 0.000 to 0.226(
0.015 unit/mL or from 0.005( 0.000 to 0.081( 0.005 unit/
mg of protein. On the basis of both volume and protein content,
Viscozyme showed the greatest rutinase activity, 3 times greater
than that of the second greatest, pectinase fromAspergillus
aculeatus(Table 2).

Effect of Pectolytic Enzyme Preparations on Rutin and
Quercetin Contents of Asparagus Juice.Asparagus juice
contained 460µM rutin and undetectable quercetin, which
agrees with previous research (21). The amount of quercetin in
the enzyme-treated juices varied with time of incubation. Rutin
content did not change apparently with time for the control
(Figure 2). Viscozyme, super-blend pectinase, and pectinase
from A. aculeatusshowed a trend of increasing concentration
of quercetin (230-390µM). These three pectolytic enzyme
preparations also demonstrated the greatest rutinase activity
when tested in the rutin buffer (Table 2). Rhozyme, Crystal-
zyme, and high-strength pectinase showed a moderate ability
to produce quercetin (90-150 µM). Pectinase fromA. niger
showed little rutinase activity, and pectinase fromRhizopussp.
showed no detectable rutinase activity. Viscozyme showed the
greatest rutinase activity, and the loss of rutin and formation of
quercetin was rapid with 220µM rutin and 180µM quercetin
at the fourth hour. After 22 h, the rutin content decreased to
80µM and the quercetin content increased to 370µM. The rates
of rutin loss and quercetin formation were similar for super-

blend pectinase, Viscozyme, and pectinase fromA. aculeatus,
suggesting that rutin was mainly hydrolyzed to quercetin. For
high-strength pectinase, the rate of rutin loss was 3 times greater
than that of quercetin formation, indicating that the high-strength
pectinase preparation may have two or more distinct activities
with different rates on rutin and quercetin. Pectinase from
Rhizopussp. did not change the rutin content in asparagus juice
without rutinase activity. Most of the rutin in asparagus juice
was degraded by pectinase fromA. nigerwith a small amount
of quercetin observed only in the first 2 h of incubation.
Viscozyme and pectinase fromA. nigertreated asparagus juice
showed interesting results on the change of rutin concentration,
and the experiments on the two enzymes were repeated again
to confirm the preliminary results (Table 3). For the control,
the rutin content in asparagus juice did not change significantly.
Viscozyme decreased the rutin in asparagus juice by 50% after
2 h and by 85% after 8 h of incubation; quercetin content was
significantly increased by a similar rate. For asparagus juice
treated with pectinase fromA. niger, the rutin content was
decreased to zero mostly in the first 2 h.

Antioxidant Activity of Asparagus Juice Affected by
Pectolytic Enzyme Preparations.Taking Trolox as a reference,
the relative antioxidant activities of quercetin and rutin standards
were 3.27( 0.12 and 1.61( 0.10, respectively, as measured
by the DPPH method, and 3.93( 0.09 and 1.39( 0.16,
respectively, as analyzed by the ABTS method. That the
antioxidant activity of quercetin is greater than that of rutin is
in agreement with others’ work (12,13).

Enzyme treatment showed various effects on the antioxidant
activity of asparagus juice. Measured according to the DPPH
method, the antioxidant activity of asparagus juice did not show
apparent change with time for Crystalzyme, super-blend pec-
tinase, Viscozyme, and pectinase fromA. aculeatus(Figure 3).
For these enzymes, the rates of rutin loss and quercetin formation
in asparagus juice were similar. However, for high-strength
pectinase, Rhozyme, and pectinase fromA. niger, asparagus
juice showed an apparent decrease of antioxidant activity
compared to control. For these enzymes, the rate of rutin loss
in asparagus juice was higher than that of quercetin formation,
which could be one reason for the decrease of antioxidant
activity in asparagus juice. Similar results for the antioxidant
activity of asparagus juice were obtained using the ABTS assay,
except for pectinase fromRhizopussp. treated asparagus juice,
which showed no apparent change of antioxidant activity by
the ABTS method but an apparent decrease of antioxidant
activity after 8 h by theDPPH method (Figures 3and 4).
Although quercetin has a higher antioxidant activity than rutin,
transferring rutin to quercetin by the pectolytic enzyme prepara-
tions did not effectively increase the antioxidant activity of

Table 2. Rutinase Activity of Pectolytic Enzyme Preparations Analyzed
in Rutin Buffer (n ) 3)

enzyme
rutinase activitya

(units/mL)
rutinase activitya

(units/mg of protein)

Crystalzyme 0.018 ± 0.003e 0.005 ± 0.001e
high-strength pectinase 0.023 ± 0.000d 0.004 ± 0.000f
super-blend pectinase 0.065 ± 0.006c 0.013 ± 0.001c
Rhozyme 0.006 ± 0.000f 0.010 ± 0.000d
Viscozyme 0.226 ± 0.015a 0.081 ± 0.005a
pectinase from A. aculeatus 0.081 ± 0.005b 0.026 ± 0.002b
pectinase from A. niger 0.020 ± 0.001e 0.005 ± 0.000d
pectinase from Rhizopus sp. nd nd

a ANOVA to compare data (P ) 0.05): data sharing the same letter were not
significantly different. One unit of rutinase activity is defined as 1 µmol of quercetin
produced per minute under standard assay conditions. Rhozyme and Pectinase
from Rhizopus sp. were powder and prepared in 10% (w/v) solution.

Table 3. Rutin and Quercetin Content of Asparagus Juice with Time
for Control, Viscozyme, or Pectinase from A. niger Incubated at 37 °C
(n ) 3)

control Viscozyme pectinase from A. niger

time (h)
rutina

(µM)
rutina

(µM)
quercetina

(µM)
rutin
(µM)

quercetina

(µM)

0 257 ± 3b 257 ± 3a 0f 257 ± 3a nd
0.5 265 ± 5ab,x 217 ± 3b,z 30 ± 1e 230 ± 3b,y nd
1 256 ± 8b,x 181 ± 2c,y 60 ± 2d 105 ± 6c,z nd
2 253 ± 7b,x 130 ± 1d,y 144 ± 5c 5 ± 1d,z nd
4 273 ± 4a,x 98 ± 1e,y 191 ± 5b 0e,z nd
8 268 ± 3a,x 42 ± 1f,y 261 ± 10a 0e,z nd

a ANOVA to compare data (P ) 0.05): data sharing the same letter in columns
(a−f) and rows (x−z) were not significantly different. nd, not detected.

44 J. Agric. Food Chem., Vol. 53, No. 1, 2005 Sun et al.



asparagus juice as determined by both ABTS and DPPH
methods. This phenomenon could be explained as follows:
asparagus juice contained other antioxidants in addition to rutin,
and the contribution of rutin to the total antioxidant activity of
asparagus juice may not be great enough to show a significant
increase of antioxidant activity when rutin is converted to
quercetin; the synergism among the antioxidants in asparagus

juice make the antioxidant activity dependent on the concentra-
tion of antioxidant, the structure and interaction among the
antioxidants, making the difference in the antioxidant activity
of quercetin and rutin less important in the total antioxidant
activity. The antioxidant activity of treated asparagus juice was
examined (Tables 4and5). Except at the second hour, there
was no significant change of antioxidant activity in control

Figure 2. Rutin (b) and quercetin (O) content of asparagus juice incubated with pectolytic enzymes at 37 °C with time: (A) control; (B) Crystalzyme;
(C) high-strength pectinase; (D) super-blend pectinase; (E) Rhozyme; (F) Viscozyme; (G) pectinase from A. aculeatus; (H) pectinase from A. niger;
(I) pectinase from Rhizopus sp.
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asparagus juice measured by both DPPH and ABTS methods.
The antioxidant activity of Viscozyme-treated juice was sig-
nificantly different only at the second hour as measured by the
DPPH method. When the Viscozyme-treated and control juices
were compared at the same sampling times, the Viscozyme-
treated juice had a greater antioxidant activity than the control
at the eighth hour (DPPH method) and at the second hour
(ABTS method) (Tables 4and5). Regardless of the differences
in antioxidant activity at these two sampling times, Viscozyme-

treated juice did not produce consistently higher antioxidant
activity than control, which confirmed the observation inFigure
3B. When pectinase fromA. niger was totally inactivated by
heating at 90°C, it did not cause rapid loss of rutin and
antioxidant activity of asparagus juice, indicating that the rutin
loss was catalyzed by a side enzyme activity, not metals.

The dosage of enzymes used may influence their effect on
the phenolic composition of asparagus juice. To test the effect
of â-glucosidase on anthocyanin in apple juice, pectolytic

Figure 3. Antioxidant activity (mmol of Trolox equiv/L of juice) of asparagus juice incubated with pectolytic enzymes at 37 °C with time analyzed by
DPPH method: (A) control, Crystalzyme, and high-strength pectinase; (B) super-blend pectinase, Rhozyme, and Viscozyme; (C) pectinase from
A. aculeatus, pectinase from A. niger, and pectinase from Rhizopus sp.

Figure 4. Antioxidant activity (mmol of Trolox equiv/L of juice) of asparagus juice incubated with pectolytic enzymes at 37 °C versus time analyzed by
ABTS method: (A) control, Crystalzyme, and high-strength pectinase; (B) super-blend pectinase, Rhozyme, and Viscozyme; (C) pectinase from
A. aculeatus, pectinase from A. niger, and pectinase from Rhizopus sp.
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enzyme preparations have been added to juice at 0.1% (w/v)
(5) up to 2% (w/v) (22) in previous research. The recommended
dose of Viscozyme for maceration of plant material or clarifica-
tion of juice is 1 mg of enzyme per 100 mg of plant cells with
reaction time of 2-20 h. In our research, Viscozyme was added

to asparagus juice at 6.9 units of PG activity, which is
1% (v/v), approximately the recommended dosage. For industry-
scale juice clarification, attention should be paid that rutin
content in asparagus juice may be decreased by Viscozyme.
Pectinase fromA. nigersignificantly decreased the rutin content
(Table 3) and antioxidant activity of asparagus juice (Tables 4
and5); therefore, it is not recommended for juice clarification
with long incubation time.

Total Phenolic Content of Asparagus Juice Affected by
Pectolytic Enzyme Preparations.Pectinase fromA. niger
greatly decreased total phenolics in asparagus juice due to the
loss of rutin. For most enzymes, total phenolics were not
markedly different from that of control (Figure 5). However,
total phenolics of asparagus juice treated by high-strength
pectinase or pectinase fromA. niger-treated juice were greatly
decreased, and antioxidant activity also decreased. This result
agreed with Velioglu et al.’s work that the correlation coefficient
between total phenolics and antioxidant activities was statisti-
cally significant (19).

Conclusion.Rutinase activity was found in six of the eight
crude pectolytic enzyme preparations without significantly
increasing the antioxidant activity of asparagus juice. When
compared by the same PG activity, Viscozyme showed the
greatest rutinase activity. Crude pectinase fromA. niger
significantly degraded rutin and decreased the antioxidant
activity of asparagus juice. Pectolytic enzyme preparations need
to be closely examined in application as they may alter the
phenolic composition of asparagus juice. Further work needs
to be done to investigate the mechanisms of these enzymes on
the antioxidant activity of asparagus juice.
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Figure 5. Total phenolics of asparagus juice incubated with pectolytic enzymes at 37 °C versus time: (A) control, Crystalzyme, and high-
strength pectinase; (B) super-blend pectinase, Rhozyme, and Viscozyme; (C) pectinase from A. aculeatus, pectinase from A. niger, and pectinase from
Rhizopus sp.

Table 4. Antioxidant Activity (Millimoles of Trolox Equivalent per Liter
of Juice) of Asparagus Juice at Different Times at 37 °C for Control,
Viscozyme, and Pectinase from A. niger Evaluated by DPPH Method
(n ) 3)

time (h) controla Viscozymea
pectinase from

A. nigera

0 1.70 ± 0.15b 1.70 ± 0.15b 1.70 ± 0.15a
0.5 1.75 ± 0.15b,x 1.77 ± 0.05b,x 1.36 ± 0.04b,y
1 1.70 ± 0.02b,x 1.72 ± 0.04b,x 0.75 ± 0.08c,y
2 1.92 ± 0.04a,x 1.90 ± 0.05a,x 0.27 ± 0.01d,y
4 1.68 ± 0.09b,x 1.69 ± 0.04b,x 0.14 ± 0.00f,y
8 1.58 ± 0.04b,y 1.75 ± 0.09b,x 0.20 ± 0.02e,z

a ANOVA to compare data (P ) 0.05): data sharing the same letter in columns
(a−d) or rows (x−z) were not significantly different.

Table 5. Antioxidant Activity (Millimoles of Trolox Equivalent per Liter
of Juice) of Viscozyme, Pectinase from A. niger Treated Asparagus
Juice, or Control at Different Incubation Times at 37 °C Evaluated by
ABTS Method (n ) 3)

time (h) controla Viscozymea
pectinase from

A. nigera

0 3.75 ± 0.00a 3.75 ± 0.00a 3.75 ± 0.00a
0.5 3.60 ± 0.15a,x 3.90 ± 0.06a,x 3.40 ± 0.02b,y
1 3.80 ± 0.10a,x 4.00 ± 0.26a,x 3.16 ± 0.12c,y
2 3.40 ± 0.19b,y 3.80 ± 0.12a,x 2.22 ± 0.22d,z
4 3.51 ± 0.39ab,x 3.60 ± 0.06a,x 1.60 ± 0.12e,y
8 3.80 ± 0.10a,x 3.90 ± 0.27a,x 1.05 ± 0.14f,y

a ANOVA to compare data (P ) 0.05): data sharing the same letter in columns
(a−f) or rows (x−y) were not significantly different.
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