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Increased Furocoumarin Content of Celery during Storage

Sunil K. Chaudhary, Oldriska Ceska, Pam J. Warrington, and Michael J. Ashwood-Smith*

Diseased celery infected with the fungus Sclerotinia sclerotiorum had greatly increased levels of three
phytoalexin furocoumarins, namely psoralen, 5-MOP, and 8-MOP, which are responsible for skin
photosensitivity. Storage of freshly harvested celery at 4 °C resulted in clear signs of fungal infection,
from latent fungus, appearing within 23-29 days, with concomitant increases in total furocoumarin levels
from 1.84 ppm (wet weight) to 43.82 ppm and with occasional samples as high as 95.52 ppm. Psoralen,
the most active of the DNA photoalkylating furocoumarins, increased during storage from <0.06 to 14.14
ppm and on occasions 24.24 ppm. A combination of HPLC, TLC, and an extremely sensitive photo-
biological assay was used to obtain these results, which are discussed in relation to possible health

consequences.

INTRODUCTION

A number of plants belonging to the Umbelliferae pro-
duce a variety of phytoalexins when stressed by environ-
mental factors including UV radiation, metal ions, changes
in temperature, and bacterial and fungal infections (Beier
et al., 1983a; Johnson and Brannon 1973; Hahlbrock et al.,
1981). Particular attention has been focussed on the fu-
rocoumarins (Beier et al., 1983b; Beier and Oertli, 1983),
of which psoralen may be considered to be representative
(Figure 1). Psoralen, 5-methoxypsoralen (5-MOP), 8-
methoxypsoralen (8-MOP), and the angular furocoumarin
angelicin are widely distributed in a number of the Um-
belliferae. Berenbaum (1981) and Ivie et al. (1981) have
drawn attention to the relatively high concentrations (40
ppm) present in the roots of parsnips (psoralen, 5-MOP,
8-MOP). These three chemicals are not destroyed by
cooking. Furocoumarins have a number of biological ef-
fects, the most important of which are photosensitized
reactions with nucleic acids. Effective wavelengths for
these reactions are between 300 and 360 nm. Both DNA
monoadducts and DNA interstrand cross-links are formed
by the interaction of near-UV and linear furocoumarins;
isopimpinellin is not active, however (Ashwood-Smith et
al., 1983). Angular furocoumarins such as angelicin (Figure
1) are capable of forming DNA monoadducts only (Ash-
wood-Smith and Grant, 1976). Photosensitized reactions
of DNA with furocoumarins cause lethal, mutagenic, and
clastogenic effects in a wide variety of cellular systems
(Ashwood-Smith et al., 1980; Ashwood-Smith et al., 1982).
Photocarcinogenesis occurs in animals exposed to the
combined effects of linear furocoumarins and near-UV and
probably also in man. PUVA (psoralen—-UVA light) pho-
tochemotherapy for psoriasis is recognized by the World
Health Organization to be causally related to human skin
cancer (IARC, 1982).

Photosensitized skin reactions in farm workers in contact
with diseased celery have been ascribed to the presence
of a very active furocoumarin, 4,5,8-trimethylpsoralen
(TMP), by Scheel et al. (1963). However, this observation
has not been confirmed (Wu et al., 1972; Austad and Kavli,
1983). Ashwood-Smith et al. (1985) also failed to detect
TMP in celery diseased with the fungus Sclerotinia
sclerotiorum; high concentrations of three furocoumarins,
namely psoralen, 5-MOP, and 8-MOP, totalling about 45
ppm were present. A dramatic increase in the amounts
of the most active of the naturally occurring furocoumarin,
psoralen, was a characteristic of diseased celery samples.
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This study of storage of fresh celery was undertaken as
a result of finding high levels of furocoumarins in celery
sold for soup. We were interested, from a consumer point
of view, in seeing how long celery could be stored before
the furocoumarin levels would start to rise.

The development of improved methods for the analysis
of furocoumarins and especially the introduction of an
extremely sensitive biological assay for photosensitizing
molecules (Ashwood-Smith et al.,, 1983) have made it
possible to detect, after thin-layer chromatography (TLC),
activity rapidly and easily and with sensitivities as low as
land 5 X 1071 g, A combination of improved HPLC and
biological assay has enabled us to demonstrate and
quantitate the progressive development of high levels of
furocoumarins in fresh celery with prolonged storage at
4 °C. The possible health hazards associated with either
contact or ingestion of these chemicals will be discussed.

EXPERIMENTAL SECTION

(i) Furocoumarins. Coumarin and 8-MOP were pur-
chased from the Sigma Chemical Co., St. Louis, MO.
5-MOP was a gift from Gerot Pharmazeutika, Vienna,
Austria, and psoralen from Upjohn Co., Kalamazo, MI.
The purity of these samples was checked by HPLC and
photobiological assay after TLC (Ashwood-Smith et al.,
1983). Samples were recrystallized from ethanol before
use.

(ii) Celery Samples. Fresh, trimmed celery, Apium
graveolens L. var. dulce (Miller) DC (Utah Salt Lake
Select, 100 days, cultivar), was purchased from Vandura
Farm, Ladner, British Columbia, Canada, in Nov 1984. It
had been harvested no more than 2 or 3 days before
purchase and day 0 in the experimental design of the
storage trials started 1 day after purchase (3—-4 days after
harvest).

(iii) Celery Storage and Sample Preparation. Celery
was stored in a cold room at 4 °C and at a relative hu-
midity of approximately 75%. Samples of known weight
(10-20 g) were taken at day 0 and at various intervals from
10 to 51 days of storage and kept frozen at —20 °C until
analyzed. Outer petioles (stalks) were processed according
to the methods described by Beier et al. (1983b). Illus-
trated in Figure 2 are the areas designated as diseased and
nondiseased that were used for sampling. The frozen
tissues (four to six replicate samples) were thawed and
homogenized with 100 mL of distilled water in a stain-
less-steel Oester blender. The aqueous homogenate was
extracted three times with 50 mL of ethyl acetate over a
period of 2 days at 20 °C. The layers of ethyl acetate were
decanted, combined, and evaporated to dryness in a rotary
evaporator at 40—45 °C. Residues were dissolved in 1-mL
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recorded up to 95 ppm, with psoralen at 24 ppm. Austad
and Kavli (1983) reported dermatitis in celery handlers
with total furocoumarins (5-MOP, 8-MOP, and sphondin,
no psoralen was observed) of about 18 ppm.

Low levels for total furocoumarins in fresh, nonstressed
celery were not considered to be hazardous. Under normal
circumstances, furocoumarins in fresh celery can be as low
as 0.1 ppm and perhaps as high as 3-4 ppm, depending
on the variety and growing conditions (Ashwood-Smith et
al., 1985; Beier et al., 1983b).

Risks from furocoumarins to man would appear to rest
in the utilization of diseased celery for the production of
soups and sauces. Several batches of less than palatable
and clearly diseased celery have been seen displayed by
supermarkets and grocery stores labeled “for soup
preparation”. Ivie et al. (1981) reported psoralen, 5-MOP,
and 8-MOP to be present in fresh parsnips at levels of
about 40 ppm, which were unaffected by standard cooking
procedures. It is very probable that furocoumarins in
celery are also stable to cooking, although this particular
point has not been ascertained in these present studies.
Ingestion of 200 g of infected celery, in soup for example,
would result in the equivalent of a 10-mg dose of mixed
furocoumarins. The normal dosage of 8-MOP adminis-
tered in the photochemotherapy (PUVA treatment) of
psoriasis is about 20 mg. Diseased celery contains about
30% of total furocoumarins as the very active psoralen
(Ashwood-Smith et al., 1982), and thus the biological action
of ingesting 200 g of diseased celery might well result in
similar effects to the standard chemotherapeutic regime.
The comments of the World Health Organization (IARC,
1983) are apposite in this discussion.

It follows from these observations and comments that
certain recommendations, no doubt open to some modi-
fication depending on different varieties of celery and
growing conditions, are self-evident. Only fresh celery or
celery stored at low temperatures (4 °C) for periods no
longer than about 2-3 weeks should be sold, and the use
of “less than fresh” celery should be discouraged.
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Effect of Condensed Tannins on the in Vitro Protein Digestibility of
Mung Bean (Vigna radiata (L.) Wilczek)

Charlene F. Barroga, Antonio C. Laurena, and Evelyn Mae T. Mendoza*

Condensed tannins isolated from mung bean and tannic acid decreased the in vitro protein digestibility
(IVPD) of polyvinylpolypyrrolidone- (PVP-) treated and untreated boiled seeds without broth of two
mung bean varieties by 3-6%. Addition of PVP to boiled seeds without broth increased IVPD sig-
nificantly by 2%. However, when PVP was added to boiled seeds with broth, the slight increase in IVPD

was not significant.

INTRODUCTION

Among legumes, mung bean (Vigna radiata (L.) Wilc-
zek) is the most popular and widely consumed in the
Philippines and in other Asian countries (Engel, 1977;
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Payumo, 1977; Tsou and Hsu, 1977; Vignarajah, 1977).
Mung bean that contains 20-25% protein either is utilized
as whole or germinated seeds or can be processed into flour
or noodles. Whole mung bean seeds are utilized in native
delicacies such as “butse-butse” and “hopia”, as a soup, or
combined with sugar as snacks or dessert (PCARR, 1977).
Germinated seeds or sprouts that are more digestible, with
higher vitamin C, riboflavin, thiamine, and protein con-
tents (Kylen and McCready, 1975; Purdente and Mabesa,
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