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A reversed-phase ion-pair liquid chromatographic method using
electrochemical detection and internal standardization with
isoascorbic acid (IAA) is described for the determination of
ascorbic acid (AA) and dehydroascorbic acid (DHAA) in aquatic
organisms. Several extractants are compared with regard to
recovery and stability of AA and DHAA, including 5%
metaphosphoric acid (MPA)-0.54mM ethylenediaminetetraacetic
acid (EDTA), 1% acetic acid (Hac)-imM EDTA, 1% Hac-0.1%
MPA-1mM EDTA, 2mM homocysteine-TmM EDTA, and
water-methanol (70:30, v/v) containing 0.7mM EDTA. The two
nonacidic extractants afford insufficient protection of AA
(water-methanol-EDTA) or DHAA (homocysteine-EDTA). High
ionic strength acidic mixtures (e.g., 5% MPA) may be associated
with a negative drift in the retention times of AA and IAA.

Hac (1%)-EDTA (1mM) yields lower recovery except when
supplemented with MPA. A mixture of 1% Hac-0.1% MPA-1mM
EDTA is useful in extracting AA from the brine shrimp Artemia,
Brachionus, fish eggs, fish larvae, and postlarvae of shrimp as part
of its routine high-performance liquid chromatographic
determination in these matrices.

Introduction

The biological relevance of vitamin C in fish and shrimp is
well-documented (1,2). This nutrient is essential for the for-
mation of cartilage and bone, probably plays a role in repro-
duction, and reportedly improves the resistance of fish against
stress and infectious diseases. Vitamin C deficiency leads to the
typical symptoms of fish scurvy including spinal deformities,
hemorrhages, and hyperplasia of gills (1).

As part of studies in our laboratories on the blologlcal effects
of vitamin C in fish and shrimp, there has been a need for an
analytical method to quantitate ascorbic acid (AA) and its
oxidative metabolite, dehydroascorbic acid (DHAA). This
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method should reconcile the requirements of good analyte re-
covery and stability with those of sensitivity, speed, and par-
ticularly routine applicability.

Many nutritional studies on vitamin C in fish have relied on
spectrophotometric analysis using the dinitrophenylhydrazine
method (3-5), which is subject to interferences (1). A fluoro-
metric method, originally developed for foods (6), has also
been commonly applied to fish (7). Numerous high-perfor-
mance liquid chromatographic (HPLC) methods have been
published for the determination of vitamin C in biological
fluids, foods, various animal tissues, and fruit juices (for
reviews, see references 8 and 9). In contrast, only a few have
been reported specifically for the quantitation of vitamin C in
whole aquatic organisms, including fish and crustaceans
(10-15). Among these, the method of Wang and Seib (13)
based on reversed-phase ion-pair chromatography and elec-
trochemical detection has found the widest application in fish
nutrition studies (16-20). Sample pretreatment in HPLC pro-
cedures for vitamin C consists of a simple extraction with
metaphosphoric acid (MPA) (13,14), trichloroacetic acid (15),
perchloric acid (10,11), or MPA-acetic acid (Hac) (12), fol-
lowed by the direct injection of an aliquot of the extract, as it
is or after dilution (13).

However, strong acids with high ionic strength may interfere
with the chromatography of AA, causing a drift in its retention
time, baseline problems, or extraneous peaks.

In this paper, we report milder methods for the extraction of
AA in connection with its quantitation in Artemia, Brachionus,
fish, and shrimp by liquid chromatography (LC) with electro-
chemical detection and internal standardization using
isoascorbic acid (IAA).

Experimental

Reagents

AA, TAA, and DHAA were from Sigma (St. Louis, MO),
Janssen Chimica (Beerse, Belgium), and ICN (Costa Mesa, CA),
respectively. Dodecyltriethylammonium phosphate (DTAP)
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came from Regis Chemical (Morton Grove, IL). Stock solu-
tions of AA and IAA were prepared in water containing 2mM
homocysteine and 1mM disodium EDTA (further referred to as
EDTA).

Biological samples

Live food organisms (Arfemia larvae and Brachionus) were
cultured in the Artemia Reference Centre (Gent, Belgium)
according to standard procedures (21). Turbot eggs and
hatchery-phase European sea bass were obtained from the
commercial hatcheries France Turbot (Ile de Noirmoutier,
France) and Cenmar (Zadar, Croatia), respectively. Larviculture
of the former species was done in the Artemia Reference Centre
(Gent, Belgium). Milkfish eggs and larvae were acquired from
the Southeast Asian Fisheries Development Centre (Aquacul-
ture Department, Iloilo, Philippines). European sea bass larvae
(36 days old) and white-legged shrimp postlarvae (PL-stage
10) were purchased from the commercial hatcheries of Sepia
International (Gravelines, France) and Shrimp Culture Tech-
nologies (Ft. Pierce, FL), respectively. Their nursery-phase
rearing was performed at the Artemia Reference Centre.

Extraction procedures

Approximately 100 mg (wet weight) of sample was homo-
genized in 1.5 mL of extractant using a Potter-Elvehjem
(Egilabo, Belgium) tube or a Polytron (Kinematica, Lucerne,
Switzerland) mixer. The following extractants were used: 5%
MPA-0.54mM EDTA; 1% Hac-0.1% MPA-1mM EDTA; 1%
Hac-1mM EDTA; 2mM homocysteine-1mM EDTA; and
water—-methanol (70:30, v/v) containing 0.7mM EDTA. IAA was
added as an internal standard. After centrifugation of the
homogenate at 1500g for 2 min, the supernatant was isolated,
and the residue was rehomogenized in 1.5 mL of extractant.
The Potter tube was finally rinsed twice with 750 pL of extrac-
tant, and all supernatants were combined.

The mixture was centrifuged for 5 min at
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Chromatography

The HPLC apparatus consisted of a Varian 8500 pump (Varian
Associates, Palo Alto, CA), a 7125 Rheodyne valve injector
fitted with a 20-uL loop (Rheodyne, Cotati, CA), and an Antec
SN20 amperometric detector (Antec, Leiden, The Netherlands).
A 5-pum Hypersil ODS column (15 x 0.46 cm) (Shandon, Run-
corn, UK) equipped with a 5 x 0.3-cm Chromguard guard
column (Chrompack, Middelburg, The Netherlands) was eluted
with 0.04M sodium acetate containing 0.54mM EDTA and
1.5mM DTAP at pH 4.8. The flow rate was 1 mL/min, and the
temperature was ambient. Detection was carried out in the
oxidation mode at an electrode potential of +0.72 V.

Quantitation and method validation

For standardization and the determination of recovery,
known amounts of AA were added to homogenates of dry
Artemia larvae in which all vitamin C had been destroyed by
prolonged heating. Standard curves were constructed by plot-
ting peak height ratios (AA versus IAA) against the respective
concentration of AA. Levels in samples were calculated per
gram of dry mass. To determine the latter, 3-5 additional
200-mg (wet weight) samples were taken simultaneously with

Table 1. Reproducibility of the Repeated Determination
of AA in Artemia Larvae*

Mean SD RSD
(1g/9) (ug/®) (%) Replicates

5% MPA-0.54mM EDTA 526.8 344 6.5 8
2mM homocysteine-1mM EDTA 561.5 246 44 8
1% Hac-0.1% MPA-1mM EDTA 585.0 505 8.6 8
Water-methanol (7:3, viv)-ImM EDTA  664.6 62.7 9.4 8

Extractant

* No DHAA detected.

12000g and passed through a Bond Elut Cyg
cartridge (Varian, Harbor City, CA) that had
been preconditioned successively with

Table Il. Effect of Different Extractants on the Recovery of AA from Spiked
Artemia Larvae*

1.5 mL each of methanol, water, and the

extractant. The cartridge was rinsed with | Extractant

Recovery SD t-test
(%) (%) Replicates (probability)

0.5 mL of extractant, and the final volume
of the extract was adjusted to 5 mL in a vol-

umetric flask. If the final solution was | 5% MPA-0.54mM EDTA 827 20 4 -
turbid, it was filtered over a 0_45_um pore 1% Hac-0.1% MPA-1mM EDTA 86.2 2.1 9 0.017 (S)
size Gelman Acro-disc LC1 3PVDF filter ;"/"A;"';C‘] thEPTAl M EDTA (3.6 vl ;g-g ;g 2 g'g;f g
: An . ) mM homocysteine-Tm 8 pg/m . . .
gﬁ:gg?r‘:vgscﬁ?:gfé d 02 ﬁ_{g%ﬁﬁfg nA 20-uL Water-methanol (70:30, v/v)-0.7mM EDTA (4.3 pg/mL) ~ 85.0 3.5 6 0.27 (NS)
o fi?lretzetgzt:etr?gnﬁggn OOfl 31-11‘3[% AO“;)HI?I\EIJ Concentration of AA in larvae: 0.47 pg/mL (except where indicated)
X -0.1% -
EDTA was mixed with 0.5 mL of a 0.5-3% | 5% MPA-0.54mM EDTA 623 38 6 -
(w/v) solution of homocysteine. The pH was 1";" :ac‘?~1;//‘1’ EADP?A—] mM EDTA gg-; 12 ]3 2 8-329(;‘55))
; : : : _ % Hac-Tm . . .
zﬂjllrﬁt;i(t; ;hsatwe] lt(léitbh:sfcl;l (Xfigll, (il(l)) ontflisn 2mM homocysteine-TmM EDTA (0.38 pg/mL) 69.3 4.2 6 0.013(5)
) Water-methanol (70:30, v/v)-TmM EDTA (0.43 pg/ml) ~ 59.0 7.0 6 0.94 (NS)

standing at room temperature and adjust-

Concentration of AA in larvae: 2.4 pg/mL (except where indicated)

ment of the pH to 1.6 with 1M phosphoric
acid, a 20-uL aliquot was injected.

* Significance of difference with reference to the recovery in 5% MPA-0.54mM EDTA. S = Significant; NS = not
significant (o level = 0.05).
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the ones to be analyzed by HPLC. After drying at 60°C for 24 h
in aluminium cups and cooling in a desiccator, the samples
were reweighed, and the water content was calculated. For
determination of the recovery, absolute peak heights of AA ob-
tained on spiked samples were compared with those provided
by blank sample extracts to which the AA was added just before
injection. Reproducibility was evaluated by repetitively ana-
lyzing fresh Arfemia larvae from the same batch.

Results and Discussion

The HPLC system in this paper was adopted from Kutnink
et al. (22), with the exception of the column. These investiga-
tors reported improved compatibility of a mobile phase con-
taining the ion-pairing agent DTAP with the injection of ex-
tracts in MPA, one of the most widely used extractants and
stabilizers for AA. Wang and Seib (13) and Hoffman et al. (14)
found MPA to be a satisfactory agent to extract AA from fish and
shrimp tissue, respectively. However, to minimize the unde-
sirable phenomena mentioned earlier, extracts in this high-
acidity, high-ionic strength medium are often extensively
diluted before injection (13,22,23), thus compromising the
sensitivity of the method. The use of 5% MPA-0.54mM EDTA
to extract AA from Arfemia larvae in conjunction with our

ECD response

Ul
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0 4 8 12 16
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Figure 1. Representative chromatogram of an extract of Artemia larvae in
1% Hac-0.1% MPA-TmM EDTA. Peaks: 1, AA; 2, IAA (internal stan-
dard). Chromatographic conditions: column, 5-um 15 x 0.46-cm Hypersil
ODS preceded by a 5 x 0.3-cm Chromguard column, eluent, 0.04M
sodium acetate containing 0.54mM EDTA and 1.5mM DTAP, pH 4.75;
flow rate, 1 mL/min; detection, amperometry at + 0.72 V.

HPLC conditions afforded good linearity (the regression coef-
ficient was greater than 0.999; range, 0.4-15 pg/mL), recovery
(62.3 + 3.8%, corresponding concentration = 0.5 pg/mL, six
replicates; and 82.7 + 2.0%, corresponding concentration =
2.4 ng/mL, four replicates), and reproducibility (Table I). How-
ever, the occasional observation of a negative drift in the reten-
tion time of AA (~16% over a period of 6 h or 24 injections) and
IAA (-14.9%) caused concern over the routine applicability of
this extractant. This prompted us to investigate milder (i.e., less
acidic) low-ionic strength mixtures.

A dilute solution of homocysteine in combination with EDTA
(pH 4) (24) and mixtures of methanol-water-EDTA (25) has
been proposed as a nonacidic extractant for biological materials
other than fish or shrimp. Homocysteine effectively prevents
the oxidation of AA and, at pH 4, allegedly does not reduce
DHAA to AA (24). In our study, no degradation of AA was
observed in 2mM homocysteine-1mM EDTA at 0°C over a time
period of 6 h. A water-methanol mixture (70:30, v/v) con-
taining EDTA has been purported to maintain AA stability at
room temperature for 4 h (25). In this solution containing
0.7mM EDTA, the peak height of AA was found to be reduced
by 15% after 6 h of storage in ice. Both nonacidic extractants
afforded excellent linearity over the concentration range of
0.4-15 pg/mL, with correlation coefficients exceeding 0.999, as
well as satisfactory reproducibility (Table I). However, the
recovery of AA from Artemia larvae in homocysteine-EDTA,
unlike in water—-methanol-EDTA, was lower than that in MPA,
as shown in Table II. Furthermore, when blank Arfemia sup-
plemented with a low quantity of DHAA (0.2 pyg/mL) in the
absence of AA, was extracted with 2mM homocysteine ImM-
EDTA, approximately 13% was converted to AA, despite the
unfavorable pH. Many of the analyzed fish and Arfemia samples
did not show an increase in the peak height of AA after the pH
of the extract was adjusted to 7.5, indicating the virtual absence
of DHAA.

Hac has been advocated as an efficient stabilizer of AA (26).
However, the recovery of AA from Arfemia larvae in 1% Hac
was significantly lower than in MPA (76.4% + 3.8 versus 82.7%
+ 2.0, corresponding concentration = 2.4 pg/mL) but increased
with the addition of a small quantity (0.1%) of MPA to 86.2%
+ 2.1. Table II shows a comparison of the recoveries in 5% MPA,
1% Hac, 1% Hac-0.1% MPA, and in the two nonacidic extrac-
tants. EDTA was always added as an extra stabilizing agent,
although its chelating activity at acidic pH is weak. For mix-
tures of Hac-MPA, the recovery of AA remained virtually con-
stant over the concentration range of 0.1-1% MPA, whereas
concentrations below 0.1% resulted in decreased values (re-
sults not shown). Unlike 5% MPA, the other four extractants
left the retention times of AA and IAA virtually unaffected upon
repetitive injection. For MPA, the progressive negative drift
observed in one experiment could not be reproduced in
another one, suggesting that the effect possibly depended on
the degree of contamination or the age of the column (or
both). AA remained stable both in 1% Hac-0.1% MPA-1mM
EDTA and in 5% MPA-0.54mM EDTA for at least 6 h upon
storage in ice. The variability (relative standard deviation
[RSD]) in peak height ratios over this time period was 5.3%
(Hac-MPA-EDTA) and 6.7% (MPA-EDTA), respectively. A
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typical chromatogram of an extract of Arfemia larvae is de-
picted in Figure 1. Good linearity (regression coefficient
greater than 0.999) was demonstrated with this approach over
the concentration range of 0.4-15 pg/mL. The reproducibility
of the procedure is illustrated in Table I. Based on the near
equivalency in performance of 5% MPA and 1% Hac-0.1%
MPA, the latter milder mixture was chosen as the standard ex-
tractant for routine analyses.

DHAA can be determined indirectly after reduction to AA
with homocysteine at pH 7.5 (27). To demonstrate the lin-
earity of this approach, blank Arfemia larvae were supple-
mented with AA (0.4-15.8 ug/mL) and DHAA (0.1-2.8 pg/mL)
and peak height ratios were plotted versus the concentration of
AA (before reduction with homocysteine) and “total” AA (after
reduction) to yield correlation coefficients greater than 0.999
in both cases. No DHAA was detected in the Arfemia larvae that
were used for the evaluation of the reproducibility of the AA
determination.

Conclusion

Using the methods described in this paper, AA and (if appli-
cable) DHAA were routinely quantitated in live food organisms
(the brine shrimp Artemia and Brachionus), various fish
species (turbot, European sea bass, milkfish), and postlarvae
of white shrimp (21,28, G. Merchie, P. Lavens, J. Verreth, F.
Ollevier, H. Nelis, A.P. De Leenheer, V. Storch, and P. Sorgeloos.
The effect of supplemental ascrobic acid in enriched live food
for Clarias gariepinus larvae at startfeeding. Aquaculture, in
press).
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