JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

5212 J. Agric. Food Chem. 2005, 53, 5212—-5217

Antioxidant Activity of Ethanolic Extracts from Several
Asparagus Cultivars

Rocio RobRiGUEZ, SARA JARAMILLO , GUILLERMO RODRIGUEZ,
JuAN ANTONIO EsPEJQ RAFAEL GUILLEN, JUAN FERNANDEZ-BOLANOS,
ANTONIA HEREDIA, AND ANA JMENEZ*

Instituto de la Grasa, CSIC, Avenida Padre Garcia Tejero 4, 41012 Sevilla, Spain

Three different methods (antiradical activity, inhibition of primary oxidation, and ferric reducing power)
have been used to evaluate the antioxidant activity of eight different asparagus cultivars and
byproducts: white and green asparagus from Alcala del Rio (Guadalquivir Valley, Seville) and
American hybrids, native spears, and their byproducts from Huétor-Tajar (Vega de Granada). The
correlation between antioxidant activity and total phenol content was studied. Six standards were
also tested to validate the modified methods for antioxidant activity determination. Results obtained
for antiradical capacity and reducing power were very similar, and a high correlation with phenols
was found (R = 0.9 for both tests). Sample origin was an important factor, spears from Huétor-Tajar
having higher values (ARC between 7 and 10 and Pr of 0.25—0.33) than those from Alcalé del Rio
(ARC 0.6—2 and Pg of 0.05—0.07). Significant differences were found between spears with the same
origin, suggesting that genetics are another factor to take into account. Asparagus inhibits lipid primary
oxidation, but no correlation between the inhibition percentage and phenols was observed. Asparagus
origin was the only factor that led to significant differences: samples from Huétor-Tajar had higher
values (POIC between 18 and 32) than those from Alcala del Rio (POIC of 5—9). Byproducts from
the canning industry at Huétor-Tajar were also assayed for antioxidant activity; the results obtained
suggested that byproducts could be considered as an excellent source of natural antioxidants.
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INTRODUCTION range of biological activities, such as antitumo#| @ntifungal

(5), and immunostimulatory6. Although the mechanism of
action of the crude extracts and purified fractions is not well
?stablished yet, because free radical damage is implicated in
%he etiology of different human diseases, the antioxidant
properties of asparagus may at least partly explain its therapeutic
properties (7).

There is an increasing concern about having a more conve-
nient diet that contains not only nutrients but also “minor”
components that have been demonstrated to produce benefici
effects on human health. The nutritional value of plant food as
a source of essential minerals, vitamins, carbohydrates, proteins
and fiber is well recognized. ) .

On the other hand, epidemiological studies have reported that _ ~Mond the vegetables commonly consumed in the United
there is an inverse association between vegetable consumptiorP@t€s and Europe, asparagus has been reported as the richest
and chronic disease reduction, such as different types of cancef" total quallty anq quantity of antioxidant8,(9). However,
and cardiovascular diseases. Phytochemicals in vegetables havilS consumption is very small compared to that of other

been demonstrated to be the active component responsible for (_egetables, W_hiCh is in great extent associate_d with its relatively
this protective effectk, 2); among them, antioxidants appear high cost. To increase asparagus consumption, there should be

to play a major role in that fact. Hence, the bioactivity of food much more information not only about asparagus nutritional

components is usually tested as their antioxidant capacity. ~ PrOPerties but also about its bioactive characteristics.

Oriental millenary cultures have traditionally used plants of ~ On the other hand, the spears portions that are discarded
the genusAsparagusas ayurvedic drugs. It has been reported during the processing represent a promising, but unknown,
that several species from Asiatic and African countries have Source of new value-added functional compounds (10). Very
significant medicinal properties and can be used for the treatment'€cent studies on bioactive components of asparagus have
of gastrointestinal disorders and inflammatory pains (3). As- revealed that the byproducts are also rich in many of the
paragus extracts and isolated compounds have revealed a wid®hytochemicals located in the edible part of the spektsiQ).

The main components responsible of asparagus bioactivity

* Author to whom correspondence should be addressed (e-mail '€ Phenols (flavonoids and hydroxycinnamic acids) and sa-
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Table 1. Abbreviations and Descriptions of the Different Asparagus
Samples Tested

plant external
code material cultivar color origin
WA spear Ramada hybrid white Alcala del Rio
GA spear Ramada hybrid green Alcala del Rio
GHTAm spear Grande hybrid green Huetor-Téajar
GHTN spear native green (G) Huetor-Tajar
BHTN spear native bronze (B) Huetor-Tajar
PHTN spear native purple (P) Huetor-Tajar
BPN byproduct native G-C-P Huetor-Tajar
BPAM byproduct Grande hybrid green Huetor-Tajar
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Determination of Total Phenols.Total phenols content was quan-
tified in each asparagus extract according to the Falliocalteu spec-
trophotometric method, using rutin as reference standard. Aliquots of
0.2 mL of each sample were dosified by triplicate, and 0.5 mL of Folin
Ciocalteu phenol reagent (0.2 M) was added to each tube and mixed.
Afterward, 0.4 mL of NaCGO; (75 g/L) was added and mixed well.
The microplate reader was set at 630 nm, and the absorbance was mea-
sured after 60 min. Results were expressed as rutin equivalents (mg/g).

Antiradical Activity. A modification of the method described by
Sanchez-Moreno et all8, 19) was used. For the determination of the
steady time, 2L of the assayed extract of dilution was placed in the
cuvette of the UV—vis spectrophotometer (V-530 model from Jasco)
with the addition of 0.975 mL of 3.8 mg/50 mL of DPPkblution in
methanol (stable radical of 2,2-diphenyl-1-picrylhydrazyl). The decrease
in DPPH concentration was measured by monitoring the decrease in

containing acids, oligosaccharides, carotenoids, and amino acidsthe absorbance continuously at 515 nm during 1 h. A period of 30 min
can also contribute to the functional properties of this vegetable was enough to reach the steady absorbance with all of the asparagus
(13, 14). In addition to these soluble compounds, asparagus extracts and standards. For the determination of the antiradical activity

spears are very rich in dietary fiber, with potential favorable
effects (15).

Asparagus bioactivity does not depend on single components

but is related to a diversity of chemicals. Their interactions
within the food matrix also affect their activity, which makes
difficult its measurement “in vitro”. During the recent years

of extracts, a microplate reader (550 model from Bio-Rad, Hercules,
CA) was used. Aliquots of &L of each extract, standards, and their
dilutions and 195uL of the DPPH solution were placed in each
microplate well in triplicate. For each sample, a blank with methanol
instead of DPPHsolution was included. When the microplate was
dosified, a delay of 30 min was programmed in the reader.

For each extract and standard, the decrease in absorbance (expressed

several methods have been developed for measuring the totahs percent of the initial absorbance) was plotted against the concentra-

antioxidant capacity of plant foodd( 16, 17). However, as
different antioxidant compounds may act in vivo through

tion of the antioxidant solution in the reaction mixture. The efficient
concentration E§, which represents the amount of antioxidant

different mechanisms, no single method can fully evaluate the necessary to decrease the initial absorbance by 50%, was calculated

total antioxidant capacity of foods. In the present work, the

antioxidant capacity of asparagus spears and byproducts from
several origins and varieties has been measured with three

different methods (radical scavenging, inhibition of primary
oxidation, and ferric reducing power), and a correlation with
phenol content of different samples has been done.

MATERIALS AND METHODS

Plant Material. The samples that have been investigated are listed
in Table 1 and consisted of several cultivars A§paragus officinalis
L. Native cultivars are tetraploid subspecies (commonly known as
“triguero” spears) from Huetor-Tajar, hand-classified by their external
color. For those harvested in Huetor-T4jar, the byproducts resulting
from canning (around half of the total spear length) were also collected
in two batches: from hybrids and from Huetor-Tajar native spears.

Standards and Reagents2,2-Diphenyl-1-picrylhydrazyl (DPPH
free radical, 90% purity), linoleic acid (99% minimum purity), 2,2
azobis(2-amidinopropane) dihydrochloride (ABAP, 97% purity), ferric
chloride, 2,2'-dipyridyl (99% minimum purity), Trolox (97% purity),
citric acid (puriss p.a.), FolinCiocalteu 2 M phenol reagent, sodium
carbonate (ACS reagent), ferulic acid, rutin (95% purity, HPLC grade),
and quercetin (98% purity, HPLC grade) were purchased from Sigma-
Aldrich Quimica (Madrid, Spain). Methanol (HPLC grade), sodium
dodecyl sulfate (SDS, p.a.), disodium sulfate (p.a.), and trichloroacetic
acid (p.a.) were obtained from Merck (Darmstadt, Germany), ethanol
was from Alcoholes del Sur (Coérdoba, Spain)}tocopherol (99%
purity) was from Roche (Basel, Switzerland), and ascorbic acid was
from Panreac Quimica S.A. (Barcelona, Spain).

Asparagus Extraction. Freshly harvested spears and their byprod-

from a calibration curve by linear regresion for each antioxidant
solution. EGo was expressed in terms of the concentration of asparagus
extract or standard (mg/mL). As the lower the &g@he higher the
antiradical capacity, for reasons of clarity the final antiradical capacity
(ARC) was expressed as ARE (1/EGs) x 100.

Inhibition of Primary Oxidation. The method is based on the
spectrophotometric determination of conjugated dienes from linoleic
acid with and without a potential antioxidar20j, with some modifica-
tions. A 0.1 M solution of SDS was prepared in aqueous 0.0 Na
HPQ, and adjusted to pH 7.4. Linoleic acid was added to a concentration
of 2.6 mM and stirred until complete emulsion. A solution 0.07 M of
ABAP in water was used as radical initiator. In a test tubeyl Sof
ABAP solution, 25uL of antioxidant solution, and 1 mL of the linoleic
solution were added. Each extract and standard dilutions were assayed
in quadruplicate. A blank without linoleic acid was run for each sample.
Test tubes were incubated at 8D in an oven from Binder (Tuttlingen,
Germany) during 1 h, and after this period, the absorbance at 232 nm
was measured. The absorbance of linoleic acid without antioxidant
solution was considered as 100% oxidation.

The results were expressed as in the case of antiradical activigy. EC
was calculated from the regression curves and expressed as milligrams
per milliliter. The final value of the primary oxidation inhibition capacity
(POIC) was defined as POIE (1/EGso) x 100.

Ferric Reducing Power. A modification of the Psarra et al2{)
method was used. FeGhas employed as oxidant. Feion produced
from the redox reaction forms a colored product with' 2|@yridyl.

For the determination of the reducing power of extracts, a microplate
reader was used. Ten microliters of each extract, standard, and their
dilutions and 1QuL of 6 mM FeCk in 5 mM citric acid were placed

in each microplate well in quadruplicate. For each sample, a blank
without FeC} was included. After dosification, the microplate was

ucts (100 g) were cut into small pieces and homogenized in a Janke & incubated during 20 min at 5T in an oven. Following this, 180L

Kunkel Ultraturrax T-25 (IKA-Labortechnik, Staufen, Germany) at top
speed for 2 min with 96% ethanol in a proportion of 4:1 (liquid/solid).
Suspension was filtered through Albet glass fiber paper (Barcelona,

Spain) under vacuum. Solid residue was washed with the same volume

of 80% ethanol and filtered again. Both ethanol filtrates were collected
and concentrated at 3% under vacuum in a Laborota 4002 rotary
evaporator from Heidolph (Kelheim, Germany). Water was added up
to 100 mL, to have extractd & g of spear/mL. From this initial extract
several dilutions were tested to study the effect of antioxidant extract
concentration.

of 5 g/L dipyridyl solution in 1.2% trichloroacetic acid was added to
each well. Afterward, a delay of 30 min was programmed in the reader
before reading at 490 nm.

To express the results, a calibration curve was established by plotting
Augo against a known concentration of quercetin ranging from 0.56 to
0.059 mg/mL [correlation coefficienR) = 0.9936]. Reducing power
(Pr) was expressed as quercetin equivalents (mg/mL QE) from the
equation as determined from linear regression:

Pr=0.2172x Ay, — 0.018



5214 J. Agric. Food Chem., Vol. 53, No. 13, 2005 Rodriguez et al.

Table 2. Total Phenol Content and Antioxidant Activity (Antiradical A TR SA . e ohram

Activity, Inhibition of Primary Oxidation, and Reducing Power Tests) of —-X—-BPN —-X—-BPAm
the Different Asparagus Samples?

antiradical inhibition of reducing
activity oxidation power
total phenols? ECso ARC  ECsy  POIC Pr
WA 1.62 £0.05 158.41 0.63 17.05 5.86 0.057
GA 2.25+0.04 72.42 1.38 11.47 8.72 0.068

GHTAm 5.11+0.02 1258  7.95 557  17.95 0.25
GHTN 6.40 £0.11 10.61  9.42 3.64 2747 0.33
BHTN 526+0.10 10.47 955 307 3257 0.33
PHTN 5.94 +0.04 10.86  9.21 469 2132 0.27
BPN 3.71+£0.17 2020  4.95 436 2293 0.21
BPAmM 2.84 £0.06 3143 318 392 2551 0.12

% DPPH rem

@ Antiradical activity was expressed as ECso (mg of dry extract/mL of solution)
and ARC (100/ECsp), inhibition of oxidation as ECsp and POIC (100/ECsp), and
reducing power as QE (mg of quercetin/mL). ? Total phenols: mg of rutin/g of 20
fresh product + SD of triplicate measurements. Y 10 20 30 40 50

mL extract/100mL

Total phenols
T T

Statistical Analysis. Correlation coefficientsR) were determined ~ Figure 1. Dose—response lines of antiradical capacity of ethanolic extract
using regression analysis at the 95% significant level. Comparisons from different asparagus samples. Antiradical capacity is expressed as
among samples were done by ANOVA test and LSD method, at the percent DPPH* remaining in solution (%DPPH* rem) after 30 min of
same confidence level. reaction. (Inset) Linear regression analysis of ARC as a function of total

phenol in the different asparagus samples.

RESULTS AND DISCUSSION

Table 3. Antiradical Activity, Inhibition of Primary Oxidation, and
Total Phenol Content. The content of extractable phenols Reducing Power of the Different Standard Tested?

of different samples, quantified as rutin equivalent, is presented

in Table 2. There were significant differences among all of the antiradical inhibition of reducing
samples. Samples from Huetor-Tajar had higher levels than activity oxidation power
those from Alcala del Rio. Among Huetor-T4jar’s native spears ECso ARC ECso POIC Pr
“triguero” had the highest content. Byproducts had lower levels ™ i acid 261 3831 103 97.09 022
of phenols than complete spears (around half content), suggest- rutin 0.49 204.08 1.04 96.15 0.31
ing that phenols are mainly located in the edible part of the  Trolox 0.45 222.22 0.12 833.33 0.44
spears quercetin 0.21 476.19 0.10 1000.00 1.00
e - a-tocopherol 0.78 128.20 0.07 1428.57 0.24
This phenol content was very similar to those reported for .44 031 32258 0.48 208.33 0.35

several berry and mushroom typeX?(23), higher than that
quantified in some fruit juices2¢) and.several tomatogs varieties 2 Antiradical activity was expressed as ECso (mg of dry extract/mL of solution)
(25), and lower than those from whit21) and red winesl1p). and ARC (100/ECsg), inhibition of oxidation as ECsy and POIC (100/ECsg), and
Other vegetable byproducts from lettuce, artichoke, and cauli- reducing power as QE (mg of quercetin/mL).
flower, considered as potential sources of natural antioxidants
(26), had similar phenol content as asparagus byproducts.  spear. In both samples (Huetor-Téjar native triguero and
Antiradical Activity. Figure 1 represents the diminution of ~ American hybrid) the antiradical activity was around twice as
DPPH with different concentrations of asparagus extracts. There high in spears as in byproducts. This behavior is very similar
is a linear correlation (y= a + bx) between both variables (R  to that observed for the content of total phenols. The correlation
> 0.99 for all extracts). Spears from Huetor-Téjar were the between ARC and phenols content is very high, as shown in
samples with the highest slope and, therefore, with the highestthe inset ofFigure 1 (R = 0.9636). The same high correlation
ARC (Table 2). There are significant differences at a dilution was found for grapefruitd7) and several vegetable byproducts
of 50 mL extract/100 mL among almost all of the samples. Only (28), enhancing the relevance of phenols in antioxidant activity.
spears with different external colors, from Huetor-T4jar, were  The regression analysis of the decrease of DPRht
not different among them. The gradation of antiradical activity concentration (mg/mL) of standard assayed resulted in a linear
was as follows: GHTN, BHTN, PHTN- GHTAmM > BPN > model (R= 0.9 in all cases). Quercetin had the highest ARC
BPAmM > GA > WA, and ferulic acid the lowest activityrable 3), the gradation being
ARC values varied from 9.55 in BHTN to 0.63 in WA. Itis as follows: quercetin> ascorbic acid> Trolox > rutin >
noteworthy that in spears from Huetor-Tajar ARC varied from a-tocopherol> ferulic acid. These results agreed with those of
8 to 10, whereas those from Alcala del Rio had lower values. other authors19, 29). The amount of fresh byproduct necessary
Also, higher differences among them were found, 1.38 and 0.63 to have an antiradical capacity equivalent to 100 mg/L of each
for GA and WH, respectively. This fact evidences that sample standard was estimated, and the results are preseniebla
origin had great influence on antiradical activity. Similar results 4. a-Tocopherol and ascorbic acid at 100 mg/L, antioxidants
were observed by comparing green spears (Huetor-Téjar native very common in the cosmetic and food industries, could be
Huetor-Tajar hybrid, and Alcald del Rio hybtidcGHTN, replaced by a solution of the dried ethanolic extract fron88
GHTAmM, and GA, respectively): the difference in ig®etween g of fresh byproduct in 100 mL (240945 mg of dried extract/
native and hybrid spear from Huetor-Téjar wa® mg/mL and 100 mL), depending on the type of byproduct and standard.
between those from Huetor-Tajar and those from Alcalé del Ri Inhibition of Primary Oxidation. The inhibition of linoleic
was~60 mg/mL. Byproducts had higher ARC than the complete acid oxidation by the different asparagus extracts is shown in




Antioxidant Activity of Asparagus Extracts

Table 4. Equivalence in Antioxidant Activity between Asparagus
Byproducts and Standards, Expressed as Grams of Fresh Byproduct
To Be Extracted and Diluted to 100 mL To Have the Same Activity as
a Solution of 100 mg/L of the Tested Standards

o-tocopherol ascorbic acid

ARC BPN 8.11 19.44
BPAmM 14.93 32.6
POIC BPN 20.40 2.57
BPAmM 21.54 2.08
Pr BPN 11.43 16.67
BPAmM 20.00 29.17
—e—WA —8—GA GHTAmM
—%—GHTN —%—BHTN —@—PHTN
— % —BPN — % — BPAm
100
90
80 A
70 A
5
£ 60
1]
°
8 50 -
2
40 4
30
20 A
10 T T T T 1
0 20 40 60 80 100

mL extract/100mL
Figure 2. Dose—response lines of primary oxidation inhibition capacity
of ethanolic extract from different asparagus samples. Inhibition of primary
oxidation is expressed as percent oxidation after 1 h of reaction. (Inset)
Linear regression analysis of POIC as a function of total phenol in the
different asparagus samples.
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Figure 3. Dose-response lines of ferric reducing power of ethanolic extract
from different asparagus samples. Ferric reducing power is expressed as
absorbance at 490 nm after 30 min of reaction. (Inset) Linear regression
analysis of Pr as a function of total phenols in different asparagus samples.

lowest (POIC = 96.15), the gradation being as follows:
o-tocopherol> quercetin> Trolox > ascorbic acid> ferulic

acid > rutin. As explained by Becker et a31), in an oil-in-
water emulsion system, lipid-soluble antioxidant tended to
provide better protection because the oxidation is located at the
water—oil interface where the lipophilic antioxidants are located.
Looking at the equivalence between spear byproducts and a
solution of 100 mg/L ofx-tocopherol and ascorbic acidigble

4), it is noteworthy that the extract fimo2 g offresh byproduct

in 100 mL (~70 mg of dried extract/100 mL) had the same
inhibitory activity as 100 mg/L ascorbic acid. In comparison to
o-tocopherol, being the most active standard, 20 g of fresh
byproduct in 100 mL was necessary to reach the same
antioxidant activity level as the above-descrilwetbcopherol

Figure 2. Unlike for antiradical activity, in this case the response solution.
was not linear but reciprocal [y 1/(a + bx)], as it happens Reducing Power. Figure 3represents the values @%go
for reported essencial oil componen2)). Almost all of the against asparagus extract concentration. The correlation between
samples from Huetor-Tajar had similar POIC valuEsle 2). both variables was lineay = a + bx). The samples had the
Only American hybrid spears showed significant differences, samePr gradation found in radical scavenging capacitgifle
having even lower capacity than their byproducts. Greater 2): GHTN, BHTN > PHTN > GHTAm > BPN > BPAm >
differences were quantified between Huetor-Téjar and Alcala GA, WA. In this case, there were no significant differences
del Rio populations. E& of Huetor-Tajar samples ranged between green and bronze spears from Huetor-Tajar, neither
between 3 and 6 mg of dried extract/mL, which is much lower between green and white spears from Alcala del. Ris was
than those of Alcala del Rio samples (11 and 17 mg of dried concluded for antiradical activity, the sample origin had great
extract/mL for GA and WA, respectively). The difference influence on reducing power, Huetor-Téjar spears havidg
between GA and WA spears was significant alsos@Eg lipid fold higher power than those from Alcalé del Rio. Byproducts
oxidation inhibition was between 2- and 9-fold lower than in had also less reducing power than complete spears, being
radical scavenging capacity due to the different model of between 1.5- and 1.75-fold less effective than spears. As for
response: the same amount had a higher effect in a reciprocalARC, there was high correlation between phenol content and
model than in a linear model. The correlation between phenols Pr (Figure 3, inset) withR= 0.9178, as was reported for several
content and POIC is presented in the insefigfure 2. Unlike fruit juices 4). Phenols could be mainly responsible for this
ARC, the correlation coefficient between both variables was activity.
low (R = 0.488), suggesting that other compounds besides Correlation betweenAs9 and concentration of standard
phenols might be implied in this inhibitory capacity, probably solutions was also linear, quercetin being the most effective
ascorbic acid and saponins 4, 30). standard and ferulic acid the least. The gradatioR«r{Table

The same standards used in the previous test have beerB) was very similar to that of their antiradical capacity, only
assayed (Table 3). All standards showed a squarexoobdel ascorbic acid and Trolox being in exchanged positions: quer-
(y=a+ bx2 R = 0.9) except for ferulic acid, which followed  cetin> Trolox > ascorbic acid- rutin > a-tocopherol> ferulic
a linear one. In this assayy-tocopherol had the highest acid. Between 10 and 30 g of fresh byproducts (3800 mg
inhibitory activity (POIC= 1428.57), whereas rutin had the of dried ethanolic extract) in 100 mL was needed to have the
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same reducing power as that of a solution 100 mg/L of most ABBREVIATIONS USED
usual antioxidant standard$gble 4). These results are very

similar to those presented for radical scavenging capacity. WA, white spears from Alcala del Rio; GA, green spears

from Alcala del Rio; GHTAm, green spears, American hybrids,

(?onplusmns. Three different methods for measuring t,h? from Huétor-Tajar; GHTN, green spears, native cultivars, from
antioxidant capacity of several asparagus cultivars and Or'g'nSHuétor-Téjar' BHTN, bronze spears, native cultivars, from

have been assayed. The results obtained were very similar forHuétor-Téjar' PHTN, purple spears, native cultivars, from

antiradical activity and ferric reducing power. In both assays, a Huétor-Tajar; BPAm, green spear byproducts, American hy-
high correlation between activity and total phenol content was brids, from Huétor-Tajar; BPN, Huétor-Téjar native spear
found, suggesting that phenols could be mainly responsible for byproducts; DPPH2,2-diphenyl-1-picrylhydrazy! (free radical);
both activities, as happens for other vegetable prod@éi=2(, ABAP, 2,2'-azobis(2-amidinopropane) dihydrochloride; SDS,
28). The sample origin and cultivar were important factors to g5gium dodecy! sulfate; Bg amount of antioxidant necessary
take into account: spears from Huetor-Tajar had higher capaci-iq gecrease the initial absorbance by 50%; ARC, antiradical

ties than those from Alcala del Rio, probably due to agronomical ¢apacity; POIC, primary oxidation inhibition capacityg,P

and climatological factors. Among Huetor-Téjar populations, reducing power; QE, quercetin equivaleRt;correlation coef-
there were cultivar differences: triguero native spears had betterfjcjent.

values than commercial hybrids. It is noteworthy that complete
spears had higher capacities than the byproducts, suggestin
that the edible part of spears must have much higher activities

than those expressed for the complete spears. This fact woulo\N

increase the consideration of asparagus spears as health
vegetables. In a comparative study among 34 fruits and

vegetables (9), asparagus was placed 7th in the rank of radical

scavengers and 13th in ferric reducing power.
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