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Abstract

The antioxidant activity (oxygen radical absorbance capacity, ORAC) and total phenols and flavonoids were determined in extracts
from digestive tract, gonads, muscles and respiratory apparatus of sea cucumber, Cucumaria frondosa. Total phenols content varied from
22.5 to 236.0 mg of gallic acid equivalents/100 g dw, and flavonoids from 2.9 to 59.8 mg of rutin equivalents/100 g. ORAC values ranged
from 140 to 800 lmol of Trolox equivalents/g dw. Among all extracts, best antioxidant potencies were observed in ethyl acetate extracts
from digestive tract, and in acetonitrile-rich fractions obtained from mixed extracts using acetonitrile/TFA (trifluoroacetic acid) acidified
water on muscles, gonads and respiratory apparatus. The weakest potencies were observed with water extracts from digestive tract and
respiratory apparatus, and with water-rich fractions obtained from mixed extraction of gonads and muscles. A significant correlation was
observed between ORAC values and total phenol content in extracts and fractions of gonads and muscles, but ORAC and phenols were
not correlated in digestive tract and respiratory apparatus extracts. ORAC values were significantly correlated (p < 0.05) with total flavo-
noids in all extracts. Successive eluates obtained from solid-phase extraction of water-rich fractions using C18 cartridge showed ORAC
values (105–500 lmol of TE/g) reaching up to 2.3 times the potency of their parent fractions. Flavonoids are suggested to be mainly
responsible for observed activities. Our results provide a first quantitative evaluation of C. frondosa tissues as useful sources of anti-
oxidants for human consumption.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Diets high in fruits and vegetables are recognized to
reduce the risks of some chronic and degenerative illnesses
related to the oxidation of vital biomolecules (DNA, pro-
teins, lipids, etc.), including atherosclerosis, cancer and car-
diovascular diseases, among others. Antioxidants found in
food and supplements support human intrinsic antioxida-
tive protection to maintain the internal oxidation status
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by various processes such as in situ regeneration of antiox-
idant molecules (vitamins and enzymes) or direct neutral-
ization of oxidative compounds (Kohen & Nyska, 2002;
Lee, Koo, & Min, 2004). Emerging concerns related to
the synthetic chemicals during the last decades have led
to an increasing interest in the development of supplements
containing mixtures of naturally-occurring antioxidants.
Up to now, most available supplements are formulated
with natural antioxidants derived from terrestrial plants
and fish oil. Although, seaweeds and marine invertebrates
(cnidarians, bryozoans, mollusks, tunicates, echinoderms)
are well recognized as sources of various natural molecules
most often tested against cancer cell-lines (Jha & Zi-rong,
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2004), very little is known about antioxidant properties of
crude extracts from their tissues and organs.

As an example, sea cucumbers are well known to exert
beneficial effects on human health. These echinoderms are
used in Asian traditional medicine to maintain fitness dur-
ing long fishing travels or to prevent, reduce or cure several
ailments like constipation, renal deficiency or arthritis. Sev-
eral papers published in the last two decades came in sup-
port to these medicinal purposes showing multiple
biological activities of sea cucumber extracts as wound
healing promoter and exhibiting antimicrobial, anticancer,
and immunomodulatory properties (Aminin, 2001; Freda-
lina et al., 1999; Kuznetsova et al., 1982; Ridzwan, Kasw-
andi, Azman, & Fuad, 1995; Tian et al., 2005). Their
antioxidant properties have recently been reported from
c�lomic fluid of three species (Bohadschia marmorata viti-

ensis, Stichopus variegatus, S. badionotus) collected in
Malaysian coastal waters (Hawa et al., 1999). Authors con-
cluded that sea cucumbers might be in the future an appro-
priate source of antioxidants for humans. To the best of
our knowledge this study remains the only one focused
on antioxidative properties of sea cucumbers and data
about other tissues and organs of these echinoderms are
still unavailable. These benthic organisms deserve much
more interest from researchers in marine natural products
as their antioxidant properties and potential application
to nutraceutical and medical products need to be studied.

The purpose of this work was to evaluate the antioxi-
dant potential of Atlantic sea cucumber C. frondosa Gun-
nerus (Cucumaridae), a widespread species in coastal
waters of the North Atlantic Ocean. Aqueous and organic
solvent extracts of digestive tract, gonads, muscles and
respiratory apparatus were investigated for their antioxida-
tive properties and their content of total phenols and
flavonoids.

2. Materials and methods

2.1. Chemicals and reagents

Gallic acid, rutin hydrate, fluorescein, Folin–Ciocalteau’s
phenol reagent, 2,20-azobis(2-amidinopropane) dihydro-
chloride (AAPH), 6-hydroxy-2,5,7,8-teramethylchroman-
2-carboxylic acid (Trolox) were purchased from Sigma–
Aldrich Ltd., (Oakville, ON, Canada). All other chemicals
and solvents were of highest commercial grade.

2.2. Biological materials

Sea cucumbers of about 25 cm long and 400 g of fresh
weight were collected by SCUBA diving in August 2004
at about 6 m depth from a rocky shore population near
Baie-Comeau (north shore of St. Lawrence Estuary, Can-
ada). Specimens were transported to nearby ISMER mar-
ine station (Rimouski, Canada) for dissection and
analysis. Tissues of digestive tract, gonads, muscles, and
respiratory apparatus of about 20 specimens were dissected
and pooled together in pre-cleaned glass containers. All
biological samples were freeze-dried for 96 h, dried samples
were ground to fine powder and kept frozen (�20 �C) until
extraction.

2.3. Extraction procedures

Antioxidant compounds were extracted as a function of
their polarity using water, organic solvent and a mixture of
water/miscible organic solvent.

2.3.1. Aqueous extraction

About 3.0 g of dried sample were suspended in 100 ml of
freshly deionized water and the mixture continuously stir-
red in the dark at 4 �C to avoid accidental oxidation of
light and thermal sensitive compounds. After 24 h, the
supernatant was removed, centrifuged at 10000g, filtrated
on 0.45 lm glass filter, and collected in a series of pre-
weighted tubes. Collected water extracts were freeze-dried
until a constant weight was reached and tubes stored in a
freezer until biological and chemical analyses were carried
out.

2.3.2. Organic extraction

About 2.0 g of dried sample were first suspended in
70 ml of deionized water with pH adjusted to 2 using 6N
HCl. Extraction was carried out using successively 180
and 70 ml of ethyl acetate in sepearatory funnel. The recov-
ered organic fractions (ethyl acetate extracts) were dried
with anhydrous Na2SO4 and the solvent was removed
under vacuum, using an Automatic Environmental Speed
Vac system (Instruments de Savant Inc., Holbrook, NY,
USA) at 20 �C.

2.3.3. Water/organic solvent extraction

The extraction technique was adapted from Haug et al.
(2002). Briefly, about 5–10 g of dried sample were sus-
pended in 10 volumes (v/w) of a mixture of acetonitrile
and 0.1% aqueous trifluoroacetic acid (TFA) solution in
proportion of 60:40 (v/v) and continuously stirred for
24 h in the dark at 4 �C. Supernatant was removed, centri-
fuged at 2000g, filtered trough 0.45 lm filter and kept at
4 �C. Extraction was repeated once again and both extracts
were combined thereafter. After cooling the mixture at
�20 �C for 1 h a two-layer separation is obtained, the
aqueous rich layer in the bottom was named the water-rich
fraction and the top organic layer designated as the aceto-
nitrile-rich fraction. These two layers were collected sepa-
rately in pre-weighted tubes, evaporated under nitrogen
flux and freeze-dried until a constant weight was attained.

2.4. Solid-phase extraction of water-rich fractions

According to Haug et al. (2002), a sequential elution of
the water-rich fractions trough a chromatographic column
was applied to aqueous extracts in this work, using C18

Sep-Pak cartridges (Waters). Briefly, dried extracts were
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Fig. 1. ORAC values of extracts and fractions obtained from different
tissues of C. frondosa using different solvents and extraction methods. Data
are expressed as micromoles of Trolox equivalents per gram of dry extract.
All assays were conducted in triplicate, and mean values are used. The
vertical bars represent the standard deviation of each data point. Means
within each group with different letters (a–d) differ significantly (p < 0.05)
from each others. R. apparatus stands for respiratory apparatus.
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resuspended (100 mg/ml) in TFA acidified water (pH 4.7).
Columns were pre-conditioned with 0.05% aqueous TFA.
Samples were thereafter washed with deionized water to
remove sea salt. Three successive elutions were carried
out with 10%, 40% and 80% (v/v) of the mixture of aceto-
nitrile and 0.05% aqueous TFA. Successive eluates were
collected on pre-weighted tubes, evaporated under nitrogen
flux and freeze-dried until a constant weight was attained.

2.5. Antioxidant assays

Antioxidant properties of samples were measured using
(oxygen radical absorbance capacity) (ORAC) assay that
measures their scavenging capacity against peroxyl radi-
cals. The procedure was adapted from the method
described by Ou, Hampsch-Woodill, and Prior (2001).
Briefly, the ORAC assay was carried out using 96-wells
microplates and a Fluoroskan Ascent FlTM microplate
reader (Labsystems, Milford, MA, USA). Trolox, a
water-soluble analog of vitamin E, was used as a positive
control standard. The assay was conducted at 37.5 �C
and pH 7.4 with a blank sample in parallel. The spectroflu-
orimeter was programmed to record the fluorescence of
fluorescein every minute after addition of 2,20-azobis(2-
amidinopropane) dihydrochloride (AAPH). Final results
were calculated by comparing the net areas under fluores-
cein decay curves between blank and samples. ORAC val-
ues were expressed in lmol of Trolox equivalents/mg dry
weight of sample (lmol TE/mg dw).

2.6. Total phenols

Total phenols were determined using Folin–Ciocalteau’s
method. Aliquots of 40–100 ll of ethanol extracts were
transferred into the test tubes and their volume adjusted
to 500 ll with deionized water. After addition of 250 ll
of Folin–Ciocalteau’s reagent and 1.250 ml of 12.5% aque-
ous sodium carbonate solution, tubes were vortexed and
held at room temperature for 40 min allowing complete
reaction between reagent and phenols. Absorbance of the
blue coloured solution was recorded at 750 nm (Spectra-
FluorPlus�, Tecan, Durham, NC, USA) against a blank
containing 40–100 ll of ethanol. Total phenol content
was calculated as a gallic acid equivalents using calibration
curves prepared with gallic acid standard solutions. All
measurements were carried out in triplicate.

2.7. Total flavonoids

Total flavonoids were determined using aluminum che-
lating method of Maksimovic, Malencic, and Kovacevic
(2005). Aliquots of 50 ll of ethanol extracts were trans-
ferred into the test tubes and their volume completed to
750 ll with deionized water. After addition of 250 ll of
AlCl3 reagent, tubes were vortexed and held at room tem-
perature for 30 min to allow the complete reaction between
the reagent and flavonoids. Absorbance of the yellow col-
oured solution was recorded at 405 nm against blank con-
taining 50 ll of ethanol. Total flavonoids content was
calculated as a rutin equivalents using calibration curves
prepared with rutin hydrate standard solutions covering a
concentration range between 10 and 50 lg/ml.

2.8. Data analysis

Data were reported as mean values calculated from rep-
licates (n P 3). Statistical treatments were performed using
SigmaStat� software (Jandel Scientific) at 5% significance
error level. Comparisons between groups were performed
using t-test or 1-way ANOVA. When differences were
detected we performed post hoc comparisons using the test
of Student Newman Keuls (SNK). Relationship between
ORAC values and total phenols and flavonoids were deter-
mined using linear regression.

3. Results

3.1. ORAC values

All samples showed antioxidative protection against
peroxyl radicals. ORAC values varied greatly from 140
to 800 lmol of TE/g dw, depending upon tissues and
extracts involved (Fig. 1). Digestive tract showed the best
protection when considering water-rich fractions and
ethyl acetate extracts. The best oxidative protection was
obtained from gonads and muscles when considering ace-
tonitrile-rich fractions and water extracts, respectively
(p < 0.05). Among all extracts and fractions, acetonitrile-
rich fractions were the most efficient ones with the highest
ORAC values obtained for three (gonads, muscles and
respiratory apparatus) out of four tissues of C. frondosa.
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Likewise, ORAC values of acetonitrile-rich fractions of
digestive tract was relatively higher (600 ± 55 lmol of
TE/g), but it was lower (p < 0.05) than ethyl acetate
extracts (800 ± 62 lmol of TE/g) showing the highest
values in this study (Fig. 1). The weakest ORAC values
were obtained with water-rich fractions (gonads and mus-
cles) and water extracts (digestive tract and respiratory
apparatus). Higher ORAC values of the organic extracts
over the aqueous ones were observed in both extraction
types using water/organic mixture and single (water or
organic) solvent. In water/organic solvent extraction, the
ORAC ratio of the acetonitrile-rich/water-rich fractions
ranged from 2.0 to 5.4, while in separated extractions,
the ORAC ratio of extracts ethyl acetate/water varied
between 1.0 and 5.3. An exception was found in muscle
samples where ORAC values in ethyl acetate extracts
(300 ± 34 lmol of TE/g) were comparable to the one in
water extracts (310 ± 58 lmol of TE/g). The ORAC rank
order for all four tissues was as follows: water-rich frac-
tions � water extracts < ethyl acetate extracts < acetoni-
trile-rich fractions.

ORAC values of eluates of water-rich fractions varied
from 105 to 500 lmol of TE/g. Some eluates showed higher
ORAC values than their parent fractions (Fig. 2). The
ORAC ratio eluates/parent fractions varied greatly from
0.46 to 2.31 for all tissues. In muscles, all eluates showed
ORAC values higher than the parent fraction (p < 0.05).
In contrast, none of the three eluates from respiratory
apparatus extract showed ORAC values higher than parent
fraction. In eluates from gonads and digestive tract, only
eluate 2 showed ORAC values higher than parent frac-
tions. Comparison between eluates showed that the best
ORAC response was obtained with eluates 2 and 3, with
the exception observed for eluate #1 of respiratory
apparatus.
).
w.d g/stnelaviuqe xolor

T fo lo
mµ( seulav 

C
A

R
O

0

100

200

300

400

500

600
Water-rich fractions 
Eluates 1 
Eluates 2 
Eluates 3 

Gonads Digestive tract Muscles R. apparatus

c

d

b

a

b

a

a

a

b

c

b c

a

b b

a

Fig. 2. ORAC values of eluates obtained from solid-phase extraction of
water-rich fractions using different concentration of solvents. All tests
were conducted in triplicate, and mean values are used. The vertical bars
represent the standard deviation of each data point. Means within each
group with different letters (a–d) differ significantly (p < 0.05) from each
others. Eluates 1–3 were obtained from solvents ratios 10:90, 40:60 and
80:20 (v/v) using acetonitrile and 0.05% TFA acidified water, respectively.
3.2. Total phenols

Total phenols in samples varied from 22.5 to 236.0 mg
of gallic acid equivalents/100 g dw, depending on tissues
and extracts involved (Table 1). Digestive tract showed
the highest level of total phenols when considering acetoni-
trile-rich fractions and ethyl acetate extracts, while the
highest level was obtained from muscles and respiratory
apparatus when considering water-rich fractions and water
extracts, respectively (p < 0.05). Among fractions and
extracts, acetonitrile-rich fractions showed the highest level
of total phenols for all four tissues. Ethyl acetate and water
extracts showed an intermediate level in total phenol
content, while the lowest level was generally obtained
for water-rich fractions. An exception was observed for
respiratory apparatus where the lowest level was obtained
from water extracts (p < 0.05). Total phenol contents of
sea cucumber tissues followed order: water-rich frac-
tions < water extracts 6 ethyl acetate extracts < acetoni-
trile-rich fractions.

Total phenols in eluates of water-rich fractions varied
from 30.5 to 153.5 mg of GAE/100 g, depending on tissues
and eluates involved (Table 2). Generally, there were more
concentrated total phenols in eluates compared to their
parent fractions, with the ratio eluates/parent fractions
varying from 1.0 to 5.3. Comparison between eluates
showed a general increase of total phenols as following:
eluates 1 < eluates 2 < eluates 3. However, one exception
was found in muscles where total phenol content was very
similar between eluates 1 (43.7 ± 6.6 mg GAE/100 g) and
eluates 2 (43.2 ± 7.9 mg of GAE/100 g).

3.3. Total flavonoids

The amount of total flavonoids in samples varied from
2.9 to 59.8 mg of rutin equivalents/100 g dw (Table 3).
Table 1
Total phenols (mg/100 g of dry weight)a in extracts and fractions obtained
from digestive tract, gonads, muscles and respiratory apparatus of C.

frondosa using separated and mixed extractions

Extracts/
fractions

Gonads D. tractb Muscles R.
apparatusc

Mixed extractions

Acetonitrile-
rich
fractions

130.2 ± 22.7 236.0 ± 36.3 194.1 ± 32.0 200.1 ± 33.7

Water-rich
fractions

22.5 ± 4.0 30.7 ± 4.1 29.9 ± 5.5 41.2 ± 7.5

Separated extractions

Ethyl acetate
extracts

84.4 ± 12.9 177.6 ± 34.3 90.6 ± 13.4 75.6 ± 10.8

Water
extracts

85.2 ± 14.1 67.0 ± 12.7 111.8 ± 17.2 26.1 ± 4.2

a Data expressed as gallic acid equivalent, mean ± SD (n = 3).
b D. tract, digestive tract.
c R. apparatus, respiratory apparatus.



Table 2
Total phenols (mg/100 g of dry weight)a in eluates obtained from solid-phase extraction of water-rich fractions of digestive tract, gonads, muscles and
respiratory apparatus of C. frondosa using different proportions of solvents

Eluatesb Gonads D. tractc Muscles R. apparatusd

1 30.5 ± 4.1 (22.5) 31.3 ± 3.6 (30.7) 43.7 ± 6.6 (29.9) 51.1 ± 8.2 (41.2)
2 61.5 ± 8.9 (22.5) 49.6 ± 7.3 (30.7) 43.2 ± 7.9 (29.9) 62.7 ± 8.1 (41.2)
3 75.6 ± 10.7 (22.5) 68.2 ± 9.9 (30.7) 153.5 ± 12.3 (29.9) 95.2 ± 10.3 (41.2)

a Data expressed as gallic acid equivalent, mean ± SD (n = 3). Total phenol contents of water-rich fraction of each tissue are given in parentheses.
b Eluates 1–3, obtained from solid-phase extraction of water-rich fractions using 10:90, 40:60 and 80:20 v/v of acetonitrile and 0.05% TFA acidified

water, respectively.
c D. tract, digestive tract.
d R. apparatus, respiratory apparatus.
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Gonads showed the highest level of flavonoids when
considering water-rich and acetonitrile-rich fractions
(p < 0.05). The highest level was obtained in digestive tract
when considering water extracts and, in muscles � diges-
tive tract when considering ethyl acetate extracts. Flavo-
noid contents in acetonitrile-rich fractions and water
extracts were generally comparable, being higher than the
ones in ethyl acetate extracts and water-rich fractions
(p < 0.05). However, a remarkably higher content of total
flavonoids was found in acetonitrile-rich fractions (59.8
± 6.3 mg of RE/100 g) compared to water extracts (8.1 ±
1.6 mg of RE/100 g) for gonad tissues (p < 0.01). The over-
Table 3
Total flavonoids (mg/100 g of dry weight)a in extracts and fractions
obtained from digestive tract, gonads, muscles and respiratory apparatus
of C. frondosa using separated and mixed extractions

Extracts/fractions Gonads D. tractb Muscles R.
apparatusc

Mixed extractions

Acetonitrile-rich
fractions

59.8 ± 10.6 44.1 ± 8.2 21.8± 3.9 9.6 ± 1.0

Water-rich fractions 4.0 ± 0.9 2.9 ± 0.6 3.3 ± 0.6 3.2 ± 0.7

Separated extractions

Ethyl acetate
extracts

6.2 ± 1.0 10.0 ± 1.9 11.3 ± 2.1 4.2 ± 0.9

Water extracts 8.1 ± 1.3 44.8 ± 6.2 25.9 ± 3.8 11.7 ± 1.5

a Data expressed as rutin equivalent, mean ± SD (n = 3).
b D. tract, digestive tract.
c R. apparatus, respiratory apparatus.

Table 4
Total flavonoids (mg/100 g of dry weight)a in eluates obtained from solid-phas
respiratory apparatus of C. frondosa using different proportions of solvents

Eluatesb Gonads D. tractc

1 0.87 ± 0.1 (3.97) 2.21 ± 0.5 (2.9
2 10.54 ± 2.7 (3.97) 7.97 ± 1.8 (2.9
3 12.15 ± 1.6 (3.97) 13.85 ± 2.1 (2.9

Total flavonoid concentrations of water-rich extracts obtained of each tissue a
a Data expressed as rutin equivalent, mean ± SD (n = 3).
b Eluates 1–3, obtained from solid-phase extraction of water-rich fractions

acidified water, respectively.
c D. tract, digestive tract.
d R. apparatus, respiratory apparatus.
all rank order for total flavonoids of the four tissues is
given by the order: water-rich fractions < ethyl acetate
extracts < water extracts � acetonitrile-rich fractions.

Total flavonoids in eluates of water-rich fractions
showed a high variability from 0.87 to 33.09 mg of RE/
100 g (Table 4). Some eluates contained a much higher con-
centration of flavonoids than their parent fractions, with
eluates/parent fractions ratio varying from 0.22 to 10.31.
In gonads and digestive tract, eluates 2 and 3 showed total
flavonoids contents higher than parent fractions (p < 0.05).
In muscles and respiratory apparatus, eluates 3 showed
total flavonoids higher than parent fractions (p < 0.05).
Eluates 1 and 2 from muscles showed total flavonoids sim-
ilar to and higher than parent fractions, respectively. Com-
parisons between eluates showed the general following
pattern: eluates 1 � eluates 2 < eluates 3.

3.4. ORAC values vs. phenolic compounds

Correlations between ORAC values of the whole of frac-
tions and extracts and their content in total phenols and
flavonoids are given in Fig. 3. ORAC values did not signifi-
cantly correlate with total phenol contents (r2 = 0.13,
p = 0.17, n = 16), but total flavonoids and ORAC values
showed a significant correlation (r2 = 0.729, p < 0.01,
n = 16). When analyzing data by individual tissues and
organs significant correlations existed between ORAC val-
ues and total phenols for gonads (r2 = 0.79, p = 0.047) and
muscles (r2 = 0.92, p = 0.042), but not for digestive tract
and respiratory apparatus. Total flavonoids and ORAC val-
ues showed significant correlations for all fractions of the sea
e extraction of water-rich fractions of digestive tract, gonads, muscles and

Muscles R. apparatusd

4) 5.09 ± 1.3 (3.32) 3.41 ± 0.7 (3.21)
4) 3.53 ± 0.7 (3.32) 1.37 ± 0.3 (3.21)
4) 20.91 ± 3.7 (3.32) 33.09 ± 5.7 (3.21)

re given in parentheses.

using ratios 10:90, 40:60 and 80:20 v/v of acetonitrile and 0.05% TFA



Total flavonoids (mg of RE/ 100 g)

0 20 40 60

)g/
E

T fo lo
m

µ( seulav 
C

A
R

O
)g/

E
T fo lo

m
µ( seulav 

C
A

R
O

0

200

400

600

800

1000
y = 189 + 9.9 x

r2 = 0.729

Total phenols (mg of GAE/ 100 g)

0 5 0 100 150 200 250
0

200

400

600

800

1000
y = 247 + 1.08 x

r2 = 0.133

Fig. 3. Relationship between ORAC values of all extracts and fractions
and their content in phenolic compounds. Top panel -total phenols,
expressed as mg of gallic acid equivalents/100 g dw. Bottom panel -Total
flavonoids, expressed as mg of rutin equivalent/100 g dw. Solid lines
represent linear regression curves.

J. Mamelona et al. / Food Chemistry 104 (2007) 1040–1047 1045
cucumber (r2 = 0.67 � 0.85, p < 0.05; n = 4 for each tissue).
Finally, no significant correlation was found between ORAC
values of eluates of water-rich fractions and their content in
total phenols (r2 = 0.03; p > 0.05; n = 12, for the four tissues)
and total flavonoids (r2 = 0.003; p > 0.05; n = 12).

4. Discussion

The detailed study here on C. frondosa tissues and
organs is a first to report a quantitative evaluation of the
antioxidant properties of sea cucumber extracts. This
anti-peroxyl radical activity screening of sea cucumber
extracts is part of our research effort to explore the poten-
tial health benefit of echinoderms of St. Lawrence Estuary.
The initial objective was to obtain some extracts showing
suitable ORAC values that might rival the ones previously
observed from natural extracts from plants. All ORAC val-
ues observed for C. frondosa (140–800 lmol of TE/g) are
considered low when compared to very strong natural anti-
oxidant fractions obtained from grape seeds (12000 lmol
of TE/g) and grape skin (15000 lmol of TE/g) (Ou et al.,
2001), or from medicinal plant leaves (16000 lmol of TE/
g) (Dominguez et al., 2005). However, most extracts and
fractions showed ORAC values comparable to or exceed-
ing those reported in the literature for several natural frac-
tions obtained from plant materials, including medicinal
(20–200 lmol of TE/g) and culinary herbs (20–800 lmol
of TE/g) (Zheng & Wang, 2001), dried comestible (30–
125 lmol of TE/g) and fresh fruits (20–600 lmol of TE/
g), and vegetables (30–250 lmol of TE/g) (Wu et al., 2004).

Anti-peroxyl radical properties of natural extracts are
generally attributed to redox reactions with some bioprod-
ucts present in extracts, notably phenolic compounds
including flavonoids, anthocyanins or anthocyanidins
(Ehlenfeldt & Prior, 2001; Prior et al., 1998). These com-
pounds may act as rapid donators of a hydrogen atom to
peroxyl radicals, before the latter react with biological mol-
ecules or, fluorescein for ORAC assays. Their presence in
C. frondosa tissues was expected because these natural mol-
ecules are relatively easy to assimilate (Bravo, 1998; Kara-
kaya, 2004) and main food sources of this suspensivorous
benthic invertebrate are phytoplankton and particles
derived from degrading marine macro-algae, rich in pheno-
lic compounds. Total phenol and total flavonoid contents
in marine algae might reach up to 20% and 12% of dry
mass, respectively (Lim, Cheung, Ooi, & Ang, 2002; Van
Alstyne, McCarthy, Hustead, & Duggins, 1999; Yoshie-
Stark, Hsieh, & Suzuki, 2003). Levels of total phenols
and flavonoids from sea cucumber tissues are reported
for the first time in this study. Concentrations observed
in C. frondosa extracts are consistently lower compared
to those generally observed in extracts from plants known
for their high antioxidant properties. However, their range
in total phenols (23–236 mg of GAE/100 g) is similar to
values observed in anti-peroxyl radical plant extracts with
low phenolic contents including those of some comestible
fruits (59–262 mg/100 g), vegetables (24–244 mg/100 g)
and nuts (68–274 mg/100 g) (Toor & Savage, 2006; Wu
et al., 2004). Likewise, their content of total flavonoids
(3–60 mg/100 g) approached or exceeded values observed
in plants with low content of flavonoids including some
fruits (10–96 mg/100 g) (Kim, Chun, Kim, Moon, & Lee,
2003; Kuti, 2004; Luximon-Ramma, Bahorun, & Crozier,
2003) and vegetables (21–94 mg/100 g) (Luximon-Ramma
et al., 2003).

A good correlation existed between the ORAC values
and total phenols in gonads and muscles, but an apparent
lower contribution of total phenols in digestive tract and
respiratory apparatus. This apparent discrepancy might
be the result of a significant difference in phenolic constit-
uents between tissues. Previous studies reported that con-
tribution of individual phenols to anti-peroxyl radicals
varies among chemical species and depends upon their con-
centration (Zheng & Wang, 2003). When examining the
relationship between total flavonoids and ORAC values
we observed a highly significant correlation of this sub-
group of phenols with anti-peroxyl radical activities. This
result shows that sea cucumber extracts present some sim-
ilarities in their anti-peroxyl radical activities with plant
materials showing a probable high contribution of flavo-
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noids to the redox reactions. This correlation also suggests
that among phenolic constituents present in C. frondosa tis-
sues, flavonoids contributed a major part to anti-peroxyl
radical activities observed in digestive tract and respiratory
apparatus extracts. As well, they seem to contribute exten-
sively to the redox activity in extracts and fractions from
gonads and muscles, but a significant contribution from
other phenols is also expected because flavonoids measured
in C. frondosa extracts represented in average less than 20%
of total phenols. The presence of easy assimilated antioxi-
dant phenols like anthocyanins, anthocyanidins, tannins
and others in the food sources of C. frondosa suggests their
potential occurrence within its tissues.

Solid-phase extraction (SPE) technique was used in an
attempt to increase the antioxidative potency of water-rich
fractions that generally showed low ORAC values. This
technique is useful to discard some water-soluble and
non-antioxidative constituents that might exert a dilution
effect lowering weight based ORAC values. However, some
anti-peroxyl radical constituents could be lost in washing
solvent or retained within SPE column during elution steps
(Kähkönen, Hopia, & Heinonen, 2001; Zheng & Wang,
2003). In most of our eluates, the relative concentration
of total phenols increased compared to their parent frac-
tions. This result suggests a significant removal of some
water-soluble constituents like salt, sugars, ascorbic acid,
glutathione, peptides, and other water-soluble compounds
during SPE process that have little antioxidant activities.
Yellow to reddish color of the washing eluates observed
during SPE process suggests the removal of some water-
soluble pigments. There was probably a loss of flavonoid
constituents in washing eluates since total flavonoids in
some eluates remained stable or decreased after SPE treat-
ment (Tables 1 and 2). Finally, results obtained from cor-
relation analysis suggest a relative increase of the
presence of some other water-soluble anti-peroxyl radical
constituents following SPE. In fact, neither total phenols,
nor total flavonoids present in these eluates seem to con-
tribute significantly to the response of ORAC assays. In
light of these results, improving ORAC values by using
SPE is possible, but further studies are needed to learn
more about the changes in anti-peroxyl radical constituents
during successive elution steps.

Our results come in support to the antioxidant potential
previously observed in c�lomic fluid of three sea cucumber
species collected from coastal waters of Terengganu,
Malaysia (Hawa et al., 1999). C�lomic fluid in echino-
derms shows a chemical composition close to seawater sur-
rounding the animal and contents amoebocytes devoted to
the immune defense system of the animal. Authors
observed an important activity of enzymatic antioxidants
(superoxide dismutase = 5–9 � 105 IU/g protein) and low
to moderate scavenging activity of DPPH (9–52%). This
antioxidative potential of sea cucumber c�lomic fluid
comes in support to its believed health benefit by Asian
people and suggests its usefulness in preventing oxidation
of vital biomolecules. As observed from our study, the edi-
ble part of C. frondosa (muscles, mainly exported to Asian
market) could also provide to consumers an appropriate
anti-peroxyl radical protection. By-products including
gonads, digestive tract and respiratory apparatus showed
suitable anti-peroxyl radical activities suggesting the mode-
rate antioxidant potential of C. frondosa and a possible
valorization of its tissues as an additional source of antioxi-
dants for human diet.
5. Conclusions

Results from this study show that tissues of C. frondosa

contain natural bioproducts able to prevent oxidative reac-
tions, notably the ones initiated by peroxyl radicals. Active
extracts examined here might exhibit beneficial effects in
prevention of polyunsaturated fatty acids oxidation and
the alteration of biological membranes often linked with
numerous severe diseases. Among the anti-peroxyl radical
bioproducts, flavonoids are suggested to be mainly respon-
sible of observed activities, but a significant contribution of
other phenolic compounds is expected. Further, research is
needed to identify and characterize chemicals contributing
to antioxidant properties of the extracts.
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