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Furocoumarins represent a family of natural food constituents with phototoxic and photomutagenic
properties. They are found mainly in plants belonging to the Rutaceae and Umbilliferae such as celery,
carrots, and parsnips. Parsnips (Pastinaca sativa L.) have become more and more popular as a
vegetable, e.g., as a constituent of or ingredient in baby food. Previous work has shown that microbial
infection of parsnip roots can result in a dramatic increase in furocoumarin levels. In this study, freshly
harvested parsnips were stored as whole roots, pieces (cubes), or homogenate at +4 °C or —18 °C
over various time periods under standard conditions. It was found that furocoumarin concentrations
(sum of five furocoumarins: angelicin, isopimpinellin, 5-methoxypsoralen, 8-methoxypsoralen, and
psoralen) in freshly harvested parsnips, analyzed by HPLC after extraction with diethyl ether and
sequential solid phase (reversed-phase and silica) extraction, was generally lower than 2.5 mg/kg,
and storage of parsnips in any form investigated at —18 °C over up to 50 days did not lead to a
marked increase in furocoumarin levels. In contrast, storage of whole parsnips, but not of cubes or
homogenate, at +4 °C resulted in a marked biphasic increase of furocoumarin concentrations after
7 and 38 days of storage up to levels of about 40 mg/kg. A dramatic increase in furocoumarin
concentrations up to 566 mg/kg was observed when whole parsnips obtained from the market were
kept at room temperature over 53 days, resulting in a visible microbial (mold) infection. Baby food
products from the German market containing parsnips as an ingredient or constituent showed
furocoumarin levels <0.41 mg/kg, suggesting that properly stored roots/preparations have been used.
It is recommended that, after harvesting, parsnips be kept at —18 °C or under other conditions that
prevent microbial infections.
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INTRODUCTION reported to exert toxic effects on liver, testes, and epididymis

Furocoumarins are present in manv fruits and veaetables asin rats (10). Furthermore, a number of furocoumarins act as
u umari P ; y frul Veg inhibitors of drug metabolizing enzymes. 6',7'-Dihydroxyber-

Egblﬁiri(r:]olr:esvtglusegi. nﬁﬁmj ;’(\)'32 dﬂﬁg’ﬁgé‘lﬁzcgggug(;ul;%_ gamottin and related furocoumarin dimers found, e.g., in
belliferae (1,2). Furocoumarins are well-known to act as grapefruit juice act as highly potent inhibitors of qytochrome

RS o . . L P450 (CYP) 3A and other CYP isozymeEl] affecting drug
phototoxicants in combination with UVA irradiation (wave- metabolism

length .320_380 ””.‘) exhibiting cytotox_ic and mutagenic Average daily furocoumarin intake via food was estimated
properties (3-5). Possible mechanisms leading to adverse effects as 1.3 mg per person in the U.S),@ith lemonime flavored
include binding to cellular constituent8)( lysosomal damage ) IR )
) generatior? of reactive oxygen spg(cig$ @nd formatio?l carbonated beverages being considered as a major source. Other

’ . e . sources include celenApium graeolensl.), parsley Petroseli-
of novel antigens through covalent modification of proteins and . : . . .
DNA (9). E\?en in the gabsence of UVA light dail‘;/ doses of oM cn_spum), parsnip, grapefruit (Citrus parad|S|),_ lemon
200 and 400 mg 8-methoxypsoralen (MOPj/kg body weight (Cltrus. limon), carrot Daucus caro_ta_.), aqd orange(Cltrus
(given orally over ninety days; 5 days a week) have been aurantiumL.). Ingestion of celery in combination with UVA

’ irradiation has resulted in severe skin bufi?), In parsnips

(Pastinaca satia L.) furocoumarin levels vary enormously and

zogg%lvgh%n; Ciggﬁ&%g%eggg jgggldEbfn ;?dggﬁfgr?k@g’ﬁfﬁ@g)ﬁﬁéé have been reported to be enhanced upon infection with the
- . X - - . E- 1 .uni-kl.ae.
T Chemisches und Veterindruntersuchungsamt Karlsruhe. fungusPhoma C‘?mP'a”at@B)- Valyes up to almost 2500 mg/

* University of Kaiserslautern. kg were found in infected parsnips, whereas average levels

10.1021/jf011426f CCC: $22.00  © 2002 American Chemical Society
Published on Web 03/28/2002



2566 J. Agric. Food Chem., Vol. 50, No. 9, 2002 Ostertag et al.

between 20 mg/kg and 96 mg/kg were reported in roots from 5
the market {4, 15). Treatment with the fungicide chlorothalonil

Although the increase in furocoumarin levels in infected
parsnips is regarded as a defense reaction of the plant, less is
known about the general influence of processing such as
homogenization or storage conditions on the furocoumarin levels
in parsnips. Storage time (days)

Because of their aromatic taste, parsnips have become moreFigure 1. Furocoumarins (sum of angelicin, isopimpinellin, 5-MOP, 8-MOP,
and more popular as a vegetable and, in particular, as aand psoralen) in whole roots (-@-), cubes (-+-), or homogenized parsnips
constituent of or ingredient in baby food. This fact led us to (-a-) stored at —18 °C for the time periods indicated. Points represent
investigate how various storage conditions can influence furo- means + SD from three parallel experiments (same batch of freshly
coumarin levels in parsnips in whole roots, cubes, or homoge- harvested parsnips). *Significantly (p < 0.05) different from control
nate. (timepoint zero).

B
=
resulted in a slight increase in furocoumarin levéR @ttributed g ar *1 -18°C
to “cell stress” elicited by the fungicide. Dramatic increases in % 3l
furocoumarin levels upon microbial infection during storage g
(temperature of-4 °C; relative humidity of approximately 75%) E o} T
were also reported to occur in celeldf). § ¥ o 1
9 1 %//I ;N.
e **

0 10 20 30 40 50 60

lated from calibration curves with pure reference compounds using the
MATERIALS AND METHODS peak height as parameter. Recovery rates (means and standard devia-
In the present study, freshly harvested parsnips were stored as intactions from experiments carried out in triplicate at two levels each) of
roots, pieces (Cubes), or homogenate—a_]g °C or +4 °C and the 93.2+ 1.2% for 8-MOP, 84.9t 1.8% for psoralen, 72.6 1.1% for
furocoumarin level was analyzed at various points in time. For @angelicin, 94.4: 0.9% for isopimpinellin, and 91.% 0.6% for 5-MOP
comparison, furocoumarins were analyzed in parsnips from the market Were found after addition of pure reference compounds to homogenized
stored as roots, pieces, and homogenate at room temperatbre°@r celery, and were considered when the concentrations in parsnips were
allowing spontaneous microbial infection, as well as in baby food calculated. The detection limit was about @g/mL.
products from the German market containing parsnips as an ingredient Analyses were carried out in three different samples from the same
or constituent, where low levels of furocoumarins were found. batch of parsnips (stored as whole roots, cubes, or homogenate). The
8-Methoxypsoralen (MOP), 5-MOP, and psoralen were from Sigma- reported data represent arithmetic meanstandard deviation. For
Aldrich (Deisenhofen, Germany), and angelicin and isopimpinellin were statistical comparison vv_ith the samples from freshly harvested parsnips,
from Roth (Karlsruhe, Germany). All solvents and other chemicals used Punnett's test for multiple comparison with a control was used. In

were of the highest purity commercially available for chromatographic Meldy parsnips and in baby food products two analyses were carried
analysis. As hydromatrix for solid-phase extraction calcined diasto- OUt from each sample. The reported data shown in the tables represent

maceous earth (Wetsupport; Isco, Inc., Lincoln, NE; CAS 91053-39- Means from two analyses.
3) was used. Parsnips at a wet weigth of-015% kg per root were
obtained in two batches at the days of harvest from a farm in the areaRESULTS

of Karlsuhe (Germany). Celery roots and various types of ready-to- . : -
use sterile baby food were purchased in a supermarket. For the study In the first part of this study, freshly harvested parsnips were

of the effects of spontaneous infection, parsnips of unknown age were useq. The tOtf"II. fU.I’OCO.l,Im'al’In.|6V6|S (sum of five furocou-
purchased from the market. marins: angelicin, isopimpinellin, 5-MOP, 8-MOP, and psor-

The parsnips were stored as whole roots, cubes (1-cm edge length) &/€n) in freshly harvested parsnips were in the range of 1 mg/
or homogenate over various time periogs48 days. Homogenates K9 wet weight Eigure 1). Slight differences between the levels
were prepared in a robot coupe R 301 ultra mixer. The preparations in whole roots, pieces (cubes), and homogenate at time point
were stored a#4 + 1 °C, —18 £ 1 °C, or room temperatureH22 + zero were due to the fact that different roots were used for each
3°C) in closed polyethylene cups or in cardbord boxes (whole parsnips). preparation. Parsnips were stored either as whole roots, cubes,

Furocoumarins were analyzed according to Baumann etld). ( or homogenate over a period §60 days at+-4 °C or —18°C
Briefly, whole or chopped parsnips or baby food were homogenized, under standardized conditions. It was found that storage of cubes
and about 5 g of the homogenate was mixed with 15 mL of water and o homogenate at18°C resulted in furocoumarin levels below
10 mL of diethyl cher. This mixtur_e was then homogenized in an Ultra- 2.5 mg/kg (Figure 1). Storage of whole roots-at8 °C led to
Turrax homogenizer. After centrifugation at 1009over 10 min, 5 heau jevel of total furocoumarins of about 4 mg/kg two weeks

the organic phase was collected. The extraction/centrifugation step was -
repeated twice, and the organic phases were combined. After evapora—aﬁer harvesting. The levels decreased thereafter, at 22 and 42

tion of the solvent under reduced pressure, the dry residue was dissolvedl@yS, t0 the same range as that in homogenates or deiigesg
in 0.6 mL of acetonitrile. After addition of 0.4 mL of water, the mixture  1)- The rise of furocoumarin levels in whole parsnips after two
was applied to a reversed-phasagi@hromatography column. After ~ Weeks of storage at18 °C was due to an increase in the levels
elution with 60% acetonitrile in water, the solvents were removed from of all furocoumarins with the exception of psoralen which was
the eluate under reduced pressure. The dry residue was dissolved irmarkedly decreased in comparison to that of freshly harvested
chloroform and applied to a SiOH chromatography column. After roots (Figure 2a—e). 5-MOP already exhibited a marked
elution with 7.5% ethyl acetate in chloroform, the solvents_ were increase after 7 days.
removed from the eluate under reduced pressure. The dry residue was In contrast to freezing conditions, storage of whole parsnips
dissolved in 0.5 mL of methanol, and analyzed by HPLC on an LC o4 4 4 o |eq to a marked increase in furocoumarin concentra-
1090 chromatography system (Hewlett-Packard, Waldbronn, Germany) . L
equipped with a 1090 UV diode array detector sef at 304, 270, tions after 7_ days,. achieving an average level of 33 mg/kg total
and 246 nm, and a Superspher RP 18 column (2@1 mm; 4um). furocoumarins (Figure 3). After 40 days of storage, the total
A water/methanol mixture (45:55, viv) was used as the mobile phase @mount of furocoumarins as well as the levels of all individual
at 40°C and a flow rate of 0.2 mL/min. furocoumarins (Figure 4), raised significantly in whole roots.
The furocoumarins were identified on the basis of their retention This increase was accompanied by the occurrence of molds on
time and characteristic UV spectrum. The concentrations were calcu- the surfaces of the roots. In cubes, but not in homogenate, a
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Figure 2. Levels of individual furocoumarins (angelicin (a), isopimpinellin (b), 5-MOP (c), 8-MOP (d), or psoralen (e), as indicated) in whole roots (-@®-),
cubes (-+-), or homogenized parsnips (-a-) stored at —18 °C for the time periods indicated. Points represent means + SD from three parallel experiments
(same batch of freshly harvested parsnips). *Significantly (p < 0.05) different from control (timepoint zero).
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Figure 3. Furocoumarins (sum of angelicin, isopimpinellin, 5-MOP, 8-MOP,
and psoralen) in whole roots (-@®-), cubes (-+-), or homogenized parsnips
(-a-) stored at +4 °C for the time periods indicated. Points represent
means + SD from three parallel experiments (same batch of freshly
harvested parsnips). *Significantly (p < 0.05) different from control
(timepoint zero).

and 8-MOP being the predominant furocoumarins (data not
shown). When these parsnips were stored over an additional
53 days at room temperature d4 °C as roots, cubes, or
homogenate, massive infection with bacteria and molds oc-
curred. The furocoumarin concentrations reached very high
levels in moldy roots or cubes but not in the homogenétablé
1). This was due to an over-proportional increase in angelicin
and 8-MOP compared to their patterns in freshly harvested roots.
In baby food products from the German market (Table 2)
containing parsnips as a constituent or ingredient, furocoumarin
levels were in the range of 0.06—0.41 mg/kg. It was found that
a product with a presumably higher parsnip content showed the
highest levels of furocoumarins.

DISCUSSION

In freshly harvested parsnips a total furocoumarin level in
the range of 1 mg/kg was found, which is slightly lower than
that reported by Mongeau et al3). Parsnips purchased from

slight increase was observed upon storage over 14 days; withthe market, however, contained levels up to 49 mg/kg which is

the levels being in the range af6 mg/kg.

in the same range as those found by oth2r44, 16). During

In parsnips purchased from the market (storage time not storage of freshly harvested parsnips-48 °C minor increases
known) levels of up to 49 mg/kg were found, with angelicin

in furocoumarin levels reaching about 4 mg/kg were found. The
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Figure 4. Levels of individual furocoumarins (angelicin (a), isopimpinellin (b), 5-MOP (c), 8-MOP (d), or psoralen (e), as indicated) in whole roots (-®-),
cubes (-+-), or homogenized parsnips (-a-) stored at +4 °C for the time periods indicated. Points represent means + SD from three parallel experiments
(same batch of freshly harvested parsnips). *Significantly (p < 0.05) different from control (timepoint zero).

Table 1. Furocoumarin Levels (mg/kg) in Moldy Whole Parsnips, Table 2. Furocoumarin Levels (Sum of Angelicin, Isopimpinellin,
Cubes, and Homogenate after 53 Days of Storage? 5-MOP, 8-MOP, and Psoralen) in Baby Food Products from the
German Market?
whole roots cubes homogenate
furocoumarin (+4 °C) (+22°C) (+4°C) probable content furocoumarins
angelicin 205.9 169.4 03 product declaration of parsnips (estimate) (mglkg)
isopimpinellin 145 53.7 n.d. vegetables with millet ingredient 0.06
5-MOP 14.8 49.4 01 vegetables with noodles ingredient 0.12
8-MOP 248.6 2410 n.d. root vegetables constituent 0.21
psoralen 36.7 53.1 nd. parsnips major constituent 0.41
total 520.5 566.5 0.4 mixed vegetables constituent 0.05
vegetable pasta ingredient 0.06

*Means of results of two analyses from one sample each; n.d. = not detectable.
@Means of results of two analyses from one sample each.

five furocoumarins analyzed contributed to this peak to different

degrees: i.e., 5-MOP was at a maximum level already after 7 Storage of roots at-4 °C resulted in a biphasic rise of
days, while psoralen decreased over the whole period of storagefurocoumarins. After 7 days the first peak reaching levels of
These findings are in agreement with the assumption that about 30 mg/kg was observed for all furocoumarins analyzed,
psoralen is a precursor of 5-MOP, 8-MOP, and isopimpinellin suggesting that the response was operative prior to the level of
(18). The biosynthesis of angelicin proceeds via other intermedi- psoralen and/or the precursor(s) of angelicin. It is unclear if
ates, and is independent of this pathwd®)( This fact is this effect resulted from a “stress response” related to the harvest
consistent with the finding that angelicin was the only furo- or storage or from a subtle microbial infection. However, the
coumarin investigated showing a marked transient increasefact that this type of response was observed-&8 °C in a
during storage of cubes at18 °C. delayed and attenuated manner, suggests that it can be at least
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partially attributed to harvest/storage stress. Thereafter, the levelsa biphasic increase in furocoumarins which was much lower in
declined suggesting a degradation of furocoumarins. After 38 cubes and almost absent in homogenate. Whole roots or cubes,
days the levels of the five furocoumarins were markedly but not homogenates, with massive microbial infections con-
increased again. This second rise was possibly related to atained high levels of furocoumarins. In baby food products from
beginning microbial infection, although no massive infections the German market containing parsnips as a constituent or

were visible macroscopically. ingredient, relatively low furocoumarin levels were found.

The rise in furocoumarins in whole roots stored+at °C It is suggested that parsnips should be stored 8 °C or
was mainly due an increase in angelicin, 8-MOP, and psoralen,under other conditions that prevent microbial infection. In
while isopimpinellin and 5-MOP were minor contributors. parsnips stored at higher temperatures furocoumarin levels can

Interestingly, storage of cubes ## °C led to a markedly be high even when no massive microbial infection is visible.
attenuated response both at 7 and 38 days. In homogenatefurther work is necessary to investigate the basis for the low
almost no rise in furocoumarins was observable. furocoumarin levels found in homogenized parsnips.

There are several possible explanations for this finding. One
possibility is that the skin of parsnips may represent a major ABBREVIATIONS USED
site of furocoumarin biosynthesis. However, in our experiments,
skin tissue was not removed prior to cutting or homogenization. CYP, cytochrome P450; S'MOP’ 5-methoxypsora|en; 8-MOP,
Therefore, alterations in biosynthsis and/or degradation of 8-Methoxypsoralen; UVA, ultraviolet light A.
furocoumarins in the presence of the higher oxygen concentra-
tions prevailing in chopped or homogenized parsnips may ACKNOWLEDGMENT
explain our findings. However, furocoumarins have not been o N
reported to be sensitive toward oxygen per se. Likewise, We thank Dr. E. Edelhduser (Ministry for Nutrition and Rural
furocoumarin crystals were reported to deposit on the surface/Areas Baden-Wirttemberg, Stuttgart, Germany) and Dr. J.
of parsnips (19). It appears likely that oxidases not present atSchlatter (Swiss Federal Institute of Public Health, Zdrich,
the surface but in the tissue can degradate furocoumarins ifSWl.tzerIand) for helpful scientific d|scu55|ons. Thgz technical
oxygen is present in abundance. Another possibility is that the @ssistance of I. Hundeck, I. Kiibel, and B. Siebler is gratefully
biosynthesis of furocoumarins is disturbed by high oxygen acknowledged.
levels. Alternatively, the homogenization may give access to
enzymes tha_lt modify fu_rocoumarin Ie\_/els Without_ox_ygen being | |TERATURE CITED
involved. This explanation, however, is less convincing because
cubes with most of the tissue left intact also showed markedly (1) Ramaswamy, S. Psoralens in foolisl. Food Packerl975.
reduced levels. (2) Wagstaff, D. J. Dietary exposure to furocoumarifegul.

In agreement with previous reportd3, 20), storage of Toxicol. Pharmacol1991,14, 261-272. o
parsnips from the market (unknown length of pre-storage) under (%) Ashwood-Smith, M. J.; Poulton, G. A, Barker, M.; Mildenberger,
conditions allowing mold and bacterial infections resulted in a M. 5-Methoxypsoralen, an ingredient in several suntan prepara-

. L . ) . tions, has lethal, mutagenic and clasotogenic propeftiatire
massive rise in furocoumarins. This effect was also prominent 1980 285. 407—409.

in cubes. In moldy parsnip homogenates, however, this effect 4y Berkley, S. F.; Hightower, A. W.; Beier, R. C.; Fleming, D. W.;
was absent, suggesting an influence of tissue destruction and/ Brokopp, C. D.; Ivie, G. W.; Broome, C. V. Dermatitis in grocery

or the enhanced access of oxygen. It is unknown whether workers associated with high natural concentrations of furocou-
massive mold infection can overcome those modifying influ- marins in celeryAnn. Intern. Med1986, 105, 351—355.

ences that prevent, e.g., a marked rise in cubes not bearing (5) Schlatter, J. Die toxikologische Bedeutung von Furocoumarinen
visible infections. The pattern of individual furocoumarins in in pflanzlichen LebensmittelnMitt. Lebensmittelunters. Hyg.

1988,79, 130—143.

(6) Midden, W. R. Chemical mechanisms of the bioeffects of
furocoumarins; the role of reactions with proteins, lipids, and
other cellular constituents. liPsoralen-DNA Photobiology;

massively infected roots and cubes was predominated by
angelicin and 8-MOP. This finding suggests that the biosynthesis
of both angular and linear furocoumarins has been turned on.

The massive increase of furocoumarins in moldy roots is of Gasparro, F. P., Ed.; CRC Press: Boca Raton, FL, 1988; Vol.
particular importance because it indicates the need for controlled 2, pp 1-49.
storage of roots used for manufactured products. (7) Fredericksen, S.; Nielsen, P. E.; Hoyer, P. E. Lysosomes: a
In baby food products from the German market furocoumarin possible target for psoralen photodamagePhotochem. Pho-
levels were low. As the exact percentage of parsnips in those tobiol. B1989,3, 437-447.

products is unknown, however, the furocoumarin levels in the (&) Joshi, P. C.; Pathak, M. A. Production of singlet oxygen and
superoxide radicals by psoralens and their biological significance.

parsnips used cannot be estimated. Assuming that parsnips were Biochem. Biophys. Res. Commae83,112, 638646
added to the product in a range between 5 and 50%, itis likely (q) Gasparro, F. P.. DallAmico, R.; O'Malley, M.; Heald, P. W

that no material from massively infected roots had been used. Edelson, R. L. Cell membrane DNA: a new target for psoralen
Under usual dietary habits, the levels in those market products photoadduct formatiorPhotochem. Photobiol 990,52, 315—

do not lead to furocoumarin doses high enough to reach a critical 321.

concentration of furocoumarins in blood as identified by (10) Dunnik, J. K.; Davis, W. E.; Jorgenson, T. A;; Rosen, V. J.;
Schlatter et al. (21). In volunteers, the oral intake of 50 mg of McConnell, E. E. Subchronic toxicity in rats administered oral
8-MOP resulted in erythema and edema upon exposure to 8-5methoxypsoralenMatl. Cancer Inst. Monogr1984,66, 91—

sunlight (22). In a study by Brickl et al28), a threshold dose

: _ (11) Ta.ssaneeyakul, W.; Guo, L.-Q.; Fukuda, K.; Ohta, T.; Yamazoe,
ggljlsgzgrly'fﬁézrr‘:ani]r?/ﬁgn?ggg weight) of 8-MOP was found to Y. Inhibition selectivity of grapefruit juice components on human

) o . cytochromes P450Arch. Biochem. Biophy000, 378, 356—

In conclusion, our findings demonstrate that furocoumarin 363.
levels in parsnips are maintained at a very low level when (12) Ljunggren, B. Severe phototoxic burn following celery ingestion.
storage is performed at18 °C. At +4 °C, whole parsnips show Arch. Dermatol.1990,126, 1334—1336.



2570

(13)

(14)

(15)

(16)

an

(18)

J. Agric. Food Chem., Vol. 50, No. 9, 2002 Ostertag et al.

Mongeau, R.; Brassard, R.; Cerkauskas, R.; Chiba, M.; Lok, E.; (19) Steck, W.; Brown, S. A. Biosynthesis of angular furocoumarins.

Nera, E. A.; Jee, P.; McMullen, E.; Clayson, D. B. Effect of Can. J. Biochem1970,48, 872—880.

addition of dried healthy or diseased parsnip root tissue to a (20) Alley, A. Parsnips and furocoumarii®od Chem. ToxicolL987,
modified AIN-76A diet on cell proliferation and histopathology 25, 634—635.

in the liver, oesophagus and forestomach of male Swiss Webster (21) Schlatter, J.; Zimmerli, B.; Dick, R.; Panizzon, R.; Schlatter, C.
mice. Food Chem. Toxicoll994,32, 265—271. Dietary intake and risk assessment of phototoxic furocoumarins
Baumann, U.; Dick, R.; Zimmerli, B. Orientierende Untersuchung in humansFood Chem. Toxic1991,29, 523—530.

zum Vorkommen von Furocoumarinen in pflanzlichen Lebens-  (22) Fitzpatrick, T. B.; Pathak, M. A. Research and development of
mitteln und KosmetikaMitt. Lebensmittelunters. Hyd988 79, oral psoralen and longwave radiation photochemotherapy: 2000
112—-129. B.C. — 1982 A.D.Natl. Cancer Inst. Monogrl984,66, 3—11.
Ceska, O.; Chaudhary, S. K.; Warrington, P.; Poulton, G. A.; (23) Brickl, R.; Schmid, J.; Koss, F. W. Pharmacokinetics and
Ashwood-Smith, M. J. Naturally occurring crystals of photo- pharmacodynamics of psoralens after oral administration: con-
carcinogenic furocoumarins on the surface of parsnip roots sold siderations and conclusionNatl. Cancer Inst. Monogr1984,

as food.Experiential986,42, 1302—1304. 66, 63-67.

Chaudhary, S. K.; Ceska, O.; Warrington, P. J.; Ashwood-Smith,
M. J. Increased furocoumarin content of celery during storage. Received for review October 29, 2001. Revised manuscript received

J. Agric. Food Chem1985,33, 1153—1157. January 31, 2002. Accepted February 4, 2002. This work was supported
Bang Pedersen, N.; Pla Arles, U. B. Phototoxic reaction to by the Ministry for Nutrition and Rural Areas Baden-Wu'‘rttemberg,
parsnip and UV-A sun bedContact Derm1998,39, 97. Germany.

Brown, S. A.; El-Dakhakhny, M.; Steck, W. Biosynthesis of
linear furocoumarinsCan. J. Biochem1970,48, 863—871. JF011426F



