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The changes in the levels of three furocoumarins such as dihydroxybergamottin (DHB), paradisin A and
bergamottin in Rio Red and Marsh White cultivars of grapefruits were monitored from November to May.
The levels of DHB and bergamottin in both varieties of grapefruits decreased as the season progressed
except for the bergamottin in Marsh White grapefruit. Influence of growing location, processing and stor-
age on the levels of these compounds were also evaluated. Among the varieties the highest levels of DHB
(2.266 lg/ml) and bergamottin (2.411 lg/ml) were found in Flame grapefruit grown in Florida. The high-
est level of paradisin A was found in Rio Red grapefruit grown in California and the lowest levels were
observed in Rio Red grapefruit grown organically in Texas. Hand squeezed juice contained 1.98, 1.06
and 3.03-fold more DHB, paradisin A and bergamottin, respectively as compared to processed juice.
The levels of furocoumarins showed a decreasing trend in all the juices with progress of storage. Levels
of furocoumarins were more in cartons container than the cans and cardboard container juices.

Published by Elsevier Ltd.
1. Introduction

Grapefruit juice has been shown to increase the bioavailability of
many commonly used drugs such as felodipine (Bailey, Spence, Mu-
noz, & Arnold, 1991), terfenadine (Clifford et al., 1997), cyclosporine,
saquinavir and several other categories (Greenblatt, Patki, Von Molt-
ke, & Shader, 2001). Increase in concentration of drug in plasma is
clinically important and may lead to the risk of toxicity. The mecha-
nism of grapefruit juice induced drug interaction are through inhibi-
tion of drug metabolizing enzyme cytochrome P450 3A4 (CYP3A4)
(Eagling, Profit, & Back, 1999), intestinal membrane efflux trans-
porter P-glycoprotein (Wang, Casciano, Clement, & Johnson, 2001)
and organic anion transporting polypeptides (Dresser, Kim, & Bailey,
2005). Furocoumarins are the main grapefruit juice bioactive com-
pounds responsible for inhibition of first pass metabolism of drugs.
Edwards and coworkers reported that DHB found in grapefruit juice
is a potent CYP3A4 inhibitor (Edwards, Bellevue, & Woster, 1996).
Recently several furocoumarins and limonoids have been isolated,
identified and tested for the inhibition of CYP3A4 enzyme from
grapefruits (Girennaver, Jayaprakasha, Jadegoud, Nagana Gowda, &
Patil, 2007; Girennavar, Poulose, Jayaprakasha, Bhat, & Patil, 2006;
Guo, Fukuda, Ohta, & Yamazoe, 2000; Poulose, Jayaprakasha, Mayer,
Girennavar, & Patil, 2007).

The health maintaining properties of citrus is due to the wide
range of bioactive compounds. Grapefruit contains flavonoids,
Ltd.
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limonoid aglycones, glucosides, furocoumarins, ascorbic acid, folic
acid, carotenoids, pectin and potassium. While some recent studies
demonstrated changes in levels furocoumarins in commercial
grapefruit juice (Fukuda, Gua, Ohashi, Yoshikawa, & Yamazoe,
2000; Widmer & Haun, 2005). To the best of our knowledge there
are no reports on levels of three furocoumarins in fresh grapefruit
as influenced by different seasons, locations, processing and stor-
age. The aim of the present work was to investigate the changes
in the levels of furocoumarins during the different seasons, influ-
ence of growing locations, processing effect, and post -harvest
storage.
2. Experimental

2.1. Chemicals and supplies

All the solvents for extraction were ACS grade and for the quan-
titative analysis HPLC grade were obtained from EMD (EMD Chem-
icals Inc., Gibbstown, NJ). Rotary evaporators (Buchi Analytical Inc,
New Castle, DE, USA), qualitative filter paper (VWR International
West Chester, PA, USA) and HPLC Luna column (Phenomenex
Inc., Torrance, CA, USA) were used for the study.

2.2. Seasonal study

Rio Red and Marsh White grapefruits were harvested from an
orchard at the Texas A&M University-Kingsville, Citrus Center,
Weslaco, Texas (Girennavar, Jayaprakasha, John, & Patil, 2008).
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The fruits were harvested at 30 days interval starting from the
month of November 2003 (early season) to May 2004 (late season).
The fruits were juiced and stored at �80 �C until the analyses.

2.3. Postharvest storage study

Rio Red and Marsh White grapefruits were packed in boxes (to-
tal of 36 numbers), separately, each box contained 12–15 fruits.
Boxes were stored at 24 �C and 9 �C with relative humidity be-
tween 90% and 95%. Furocoumarins were quantified for every
two weeks. Four samplings were taken for the grapefruits stored
at 9 �C, whereas three samplings were taken for fruits stored at
24 �C. Grapefruits were juiced using blender and quantified for
furocoumarins.

2.4. Location study

Rio Red grapefruits were collected from Texas, Florida and Cal-
ifornia, while Marsh White grapefruits were collected from Florida
and Texas during the month of March. Fruits were shipped from
Florida and California through overnight mail. All the fruits were
juiced and analyzed for the levels of furocoumarins immediately.

2.5. Juice storage study

Three single strength commercial Rio Red grapefruit juice prod-
ucts, such as cans (100% juice from concentrate), cartons (100%
fresh juice and not from concentrate, can be stored for 60 days at
refrigerated condition) and cardboards (100% juice from concen-
trate) were obtained from Texas Citrus Exchange (Mission, TX,
USA). Total of 25 cans and cardboard containers and 20 cartons
containers were used for the storage study. Cans and cardboard
containers were stored at room temperature while cartons con-
tainers were stored at refrigerated conditions, simulating the gro-
cery store conditions. Cans and cardboard containers were stored
for 90 days while cartons containers were stored 60 days and every
15 days five containers were used for analysis.

2.6. Processing of juice

An industrial level processing of grapefruits was conducted to
analyze the variations of levels of furocoumarins during juice.
The Rio Red grapefruits were harvested from the Texas A&M Uni-
versity-Kingsville, Citrus Center at Weslaco and grouped into two
batches. One batch of fruits from two bins of fruits were juiced
in the lab and the other batch containing 48 bins of fruits were pro-
cessed at Texas Citrus Exchange (Mission, TX) a commercial juice
plant under commercial processing conditions. Sequence of events
in the processing of grapefruits include (i) washing the fruits, (ii)
puncturing the fruits to obtain peel oil, (iii) mechanical cutting of
fruits into two halves, (iv) juicing the halves by automated juicers,
(v) removing the pulp by straining the juice, (vi) pasteurizing the
juice and (vii) automated packing of the juice into cans. Both types
of juices were analyzed for the furocoumarin levels.

2.7. Furocoumarin standards

Marsh white grapefruit juice was extracted with ethyl acetate
and concentrated under vacuum. The concentrated extract was
broadly fractionated on open silica column chromatography and
preparative HPLC was used to obtain DHB, paradisin A and berga-
mottin as previously described (Girennavar et al., 2006). The iden-
tified compounds were used for the calibration curves as described
by Girennaver et al. (2007). The regression equations were used for
the quantification of furorcoumarins in all the juice samples.
2.8. Sample preparation

Different juice samples (50 ml) were taken in a 250 ml separat-
ing funnel and 50 ml of ethyl acetate was added and mixed well for
5 min. The organic layer was separated carefully and this step was
repeated twice. Extracts were pooled and the solvent was evapo-
rated to dryness under vacuum using Buchi rotary evaporator.
The entire ethyl acetate was dried and extract was dissolved in
1 ml of methanol and used for HPLC analysis.

2.9. HPLC analysis

The HPLC system consisted of a Thermo Electron Corporation
P-400 quaternary HPLC pump (Thermo Electron Corporation San
Jose, CA, USA), Membrane degasser, Spectra system AS3000 auto
sampler and UV-600 PDS detector (Thermo separation products).
Chromatographic separations were accomplished on Chemco-
sorb-5-ODS column (150 � 6.0 mm, 5 lm particle size) (Chemco-
Pak, Osaka, Japan). Elution was carried out using methanol (A)
water (B) multiple gradient conditions: 0 min, 60% A, 20 min
80% A, 25 min 80% A, 45 min 85% A, 50 min 90% A, 55 min 95%
A, 60 min 100% A, 65 min 60% A the flow rate was set at
1.1 ml/min and elution was monitored with UV absorption at
240 nm.

2.10. Statistical analysis

The results presented in this study are the mean of 15 samples
and standard deviations (SD). Dunnett’s multiple comparisons test
was used to determine the significance at P < 0.05. Analysis was
performed using GraphPad Instat version 3.00 for windows.

3. Results

3.1. Seasonal variation of furocoumarins

DHB is the most abundant among the three furocoumarins in
Rio Red and Marsh White varieties (Table 1). DHB levels were high-
est in the beginning of the grapefruit harvesting season and levels
were decreased by the end of the season. A significant level of DHB
was decreased from the beginning (43.2%) of the season to the end
(39.8%) of the season in Rio Red and Marsh White grapefruit,
respectively. Marsh White contains more DHB than Rio Red
through out the season. Marsh White had 30.1% higher DHB during
November and 34% higher end of the season (May) than Rio Red
grapefruit. Paradisin A, a dimer probably derived from DHB by a
dehydration reaction, levels was 10–15 times less than DHB. Para-
disin A was 0.091 and 0.087 lg/ml at the beginning of the season
and 0.081 and 0.076 lg/ml at the end of the season in Rio Red
and Marsh White, respectively (Table 1). Bergamottin levels
showed decreasing trend from the beginning of the season to the
end of the season. However, bergamottin levels were significantly
increased in February compared to January in Marsh White grape-
fruit. Among the two varieties, Marsh White contains average of
35.58% more bergamottin than Rio Red. Unlike DHB and bergamot-
tin, there is no particular trend in the distribution of the paradisin
A throughout the season.

3.2. Influence of growing location, cultivation method and variety on
the levels of furocoumarins

Furocoumarins were quantified in five samples of two varie-
ties of grapefruits grown at Texas, Florida and California. The
concentration of dihydroxybergamottin, paradisin A and berga-
mottin in different varieties have been presented in Fig. 1. Marsh



Table 1
Influence of season on the levels of DHB, paradisin A and bergamottin in Rio Red and Marsh White grapefruitsa

November December January February March April May

Rio Red
DHB 1.171 ± 0.053 1.031 ± 0.04 0.964 ± 0.024 0.895 ± 0.31 0.801 ± 0.049 0.709 ± 0.068 0.665 ± 0.031
Paradisin A 0.091 ± 0.003 0.089 ± 0.004 0.076 ± 0.005 0.083 ± 0.004 0.069 ± 0.001 0.079 ± 0.008 0.081 ± 0.005
Bergamottin 0.905 ± 0.006 0.881 ± 0.054 0.716 ± 0.022 0.696 ± 0.069 0.632 ± 0.081 0.583 ± 0.131 0.482 ± 0.071

Marsh White
DHB 1.675 ± 0.039 1.562 ± 0.08 1.445 ± 0.042 1.202 ± 0.051 1.162 ± 0.024 1.091 ± 0.077 1.008 ± 0.047
Paradisin A 0.087 ± 0.005 0.093 ± 0.003 0.088 ± 0.002 0.078 ± 0.006 0.091 ± 0.005 0.083 ± 0.006 0.076 ± 0.008
Bergamottin 1.393 ± 0.051 1.253 ± 0.043 1.008 ± 0.109 1.283 ± 0.063 0.986 ± 0.029 0.863 ± 0.061 0.813 ± 0.046

a Mean expressed in lg/ml ± standard deviation, n = 15.

Table 2
Influence of cultivation method and variety on the levels of furocoumarins in
grapefruita

Grapefruit Furocoumarins levels (lg/ml)

DHB Paradisin A Bergamottin

Rio Red – conventional 0.989 ± 0.1158 0.0910 ± 0.004 0.754 ± 0.057
Rio Red – organic 0.627 ± 0.061 0.0669 ± 0.014 0.774 ± 0.074
Flame – Florida 2.266 ± 0.113 0.2089 ± 0.004 2.411 ± 0.116
Melgold – California 2.129 ± 0.068 0.0794 ± 0.012 1.451 ± 0.118

a Mean ± standard deviation, n = 15.
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White grown in Texas contains 32.2% higher DHB compared to
the same variety grown in Florida. Significantly higher levels of
bergamottin were found in Marsh White grapefruit, which was
grown in Florida as compared to Texas. No differences of para-
disin A was observed in between both locations. Interestingly,
among the three growing locations, when Rio Red grown in Cal-
ifornia, Texas and Florida, DHB levels were significantly higher in
fruits grown in California compared the same grapefruit grown
in Texas and Florida. Furthermore, Rio Red grapefruit grown in
Florida had significantly higher paradisin A compared to the
same grapefruit grown in Texas and California while there is
no differences in the levels of bergamottin were observed among
the three locations.

Furocoumarins were quantified and compared from conven-
tionally and organically grown Rio red grape fruits. DHB levels
were found to be higher in Rio Red grapefruit grown with con-
ventional practices as compared to organically grown fruits (Ta-
ble 2). Paradisin A levels were more in organically grown
grapefruit compared conventionally grown grapefruit. No signif-
icant differences were observed in the levels of bergamottin lev-
els in Rio Red grapefruit grown with conventional and organic
practices. Among the grapefruit varieties grown at different loca-
tions, Flame grapefruit from Florida had the highest concentra-
tion of DHB, bergamottin and paradisin A, while lowest levels
of DHB and paradisin A were observed in organically grown
Rio Red grapefruits (Table 2).
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Fig. 1. Influence of location on bergamottin, paradisin A and DHB on the levels in Rio Re
RRF, Rio Red from Florida, RRC, Rio Red from California, MWT, Marsh White from Texas a
3.3. Processing effects on furocoumarin levels

Fig. 2 depicts the levels of furocoumarins in hand squeezed and
commercially processed grapefruit juices. Results of the present
study indicated that DHB and bergamottin content were 1.98 and
3.03 times higher in hand squeezed juice than processed juice,
respectively. The levels of paradisin A were not significantly
(P < 0.005) different between hand squeeze and commercially pro-
cessed juices.

3.4. Postharvest storage on furocoumarins levels

The levels of furocoumarins decreased quite remarkably in both
varieties stored at 24 and 9 �C (Table 3). The DHB content was
RRC MWTM WF

mples
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d and Marsh White grapefruits. The codes in the panel are RRT, Rio Red from Texas,
nd MWF, Marsh White from Florida. Data shown are the mean ± SD for 15 samples.
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Fig. 2. Levels of furocoumarins in hand squeezed (HS) juice and commercial pro-
cessed (CP) juice. Abbreviations on the panel: DHB, dihydroxybergamottin; PA, p-
aradisin A; BM, bergamottin. The results represent mean ± SD for 15 samples.

Table 4
Post-harvest storage effect on the levels of furocoumarins in grapefruit juice in
different containers*

Type of containers Days Levels of furocoumarins (lg/ml)

DHB Paradisin A Bergamottin

Cans
0 2.065 ± 0.081a 0.099 ± 0.004a 1.255 ± 0.028a

15 1.985 ± 0.092b 0.088 ± 0.003b 1.223 ± 0.046b

30 1.885 ± 0.015c 0.078 ± 0.003c 1.213 ± 0.021c

45 1.772 ± 0.064d 0.069 ± 0.004d 1.193 ± 0.037d

60 1.598 ± 0.109e 0.065 ± 0.015e 1.166 ± 0.045e

75 1.499 ± 0.089f 0.061 ± 0.028f 1.142 ± 0.013f

90 1.411 ± 0.037g 0.056 ± 0.007g 1.1138 ± 0.049g

Cardboard
0 2.125 ± 0.073a 0.104 ± 0.008a 1.487 ± 0.071a

15 1.985 ± 0.092a 0.097 ± 0.005b 1.354 ± 0.087b

30 1.818 ± 0.108b 0.089 ± 0.001c 1.285 ± 0.051c

45 1.789 ± 0.089c 0.076 ± 0.003d 1.116 ± 0.119d

60 1.5612 ± 0.089d 0.074 ± 0.006e 1.099 ± 0.19e

75 1.4511 ± 0.061e 0.072 ± 0.002f 1.037 ± 0.017f

90 1.4198 ± 0.183f 0.066 ± 0.004g 1.004 ± 0.105g

Cartons
0 2.3146 ± 0.091a 0.1009 ± 0.006a 1.8655 ± 0.091a

15 2.1485 ± 0.092b 0.0981 ± 0.013a 1.6813 ± 0.086b

30 1.9915 ± 0.105c 0.0883 ± 0.008b 1.4513 ± 0.107c

45 1.8212 ± 0.064d 0.0769 ± 0.017c 1.3193 ± 0.045d

60 1.7598 ± 0.109c 0.0685 ± 0.009d 1.2168 ± 0.021c

Means with a different letter, differ for the levels of the particular compound in the
containers significantly, P < 0.05.

* Mean ± standard deviation, n = 15.
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decreased by 8.57% and 20.34% in Rio Red, while in case of Marsh
White 7.37% and 16.15% stored at 9 �C and 24 �C, respectively. The
most pronounced decrease (30.4%) was noticed for paradisin A in
Rio Red stored at 24 �C. Bergamottin was relatively stable com-
pound in both temperatures, with decrease of 4.1 and 12.2% in
Rio Red and 2.9% and 2.9% in Marsh White at 9 �C and 24 �C,
respectively. In general, bergamottin was more stable during post
-harvest storage followed by DHB and paradisin A.

Table 4 depicts the levels of three furocoumarins in three kinds
of processed juice in containers such as cans, cardboard and car-
tons. The levels of furocoumarins showed a decreasing trend in
all three types of container with progress of storage time. Levels
of furocoumarins were higher in cartons. After 90 days of storage
levels of the furocoumarins decreased by 31.67%, 43.43% and
11.31% of DHB, paradisin A and bergamottin, respectively. Over a
period of 90 days, levels of DHB, paradisin A and bergamottin in
cardboard containers decreased by 33%, 57% and 32%, respectively.
However, DHB, paradisin A and bergamottin were 24%, 32% and
35% lower over 60 days of storage in cartons grapefruit juice. The
juice in the cartons was made with pulp and stored under refriger-
ated conditions with maximum storage time of 60 days.
Table 3
Influence of temperatures during storage on the levels of furocoumarins in Rio Red
and Marsh White grapefruit juices*

Grapefruit Storage
temperature

Days Levels of furocoumarins (lg/ml)

DHB Paradisin A Bergamottin

Rio Red 9 �C 0 1.201 ± 0.061a 0.09 ± 0.004a 1.005 ± 0.049a

15 1.137 ± 0.078a 0.088 ± 0.002a 0.995 ± 0.062a

30 1.108 ± 0.069a 0.087 ± 0.004a 0.978 ± 0.028a

45 1.098 ± 0.068a 0.076 ± 0.006b 0.965 ± 0.37a

24 �C 0 1.201 ± 0.061a 0.09 ± 0.001a 1.005 ± 0.049a

15 1.091 ± 0.055a 0.077 ± 0.004b 0.909 ± 0.055b

30 0.998 ± 0.014b 0.069 ± 0.007b 0.896 ± 0.081b

Marsh White 9 �C 0 1.704 ± 0.043a 0.092 ± 0.004a 1.437 ± 0.038a

15 1.689 ± 0.076a 0.089 ± 0.006a 1.426 ± 0.04b

30 1.618 ± 0.091b 0.086 ± 0.0052a 1.408 ± 0.044c

45 1.587 ± 0.068c 0.085 ± 0.003a 1.397 ± 0.083d

24 �C 0 1.704 ± 0.043a 0.092 ± 0.005a 1.437 ± 0.038a

15 1.593 ± 0.099d 0.081 ± 0.003a 1.406 ± 0.019e

30 1.467 ± 0.065e 0.071 ± 0.002a 1.396 ± 0.045f

Means with a different letter, differ for the levels of the particular compound in the
fruits significantly, P < 0.05.

* Mean ± standard deviation, n = 15.
4. Discussion

Furocoumarins are found as secondary metabolites in the plant
kingdom and their exact roles in plants are not known. Neverthe-
less, these compounds seems to play some role in plant defense
mechanism due to the induction of their biosynthesis following
various stress events as well as their anti-microbial and anti-oxida-
tive activities (Shimizu et al., 2005; Zobel, 1997). Furocoumarins
are phytoalexins produced perhaps in response to external stimuli
such as stress or pathogenic infection (Tietjen, Hunkler, & Matern,
1983). At any given time the level of these compounds reflect the
physiological condition of the plant. The concentration of three fur-
ocoumarins such as xanthotoxin, bergapten and psoralen were
measured by Zobel and Brown (1990) in whole leaves of Herac-
leum lanatum and in the extracts of leaf over vegetative season.
Furocoumarin concentrations in the whole leaf varied, with highest
concentration being in the month of April and sharp decline after-
wards as leaf enlarged rapidly. It has been previously shown that
celery grown near urban centers in California was found to stimu-
late accumulation of psoralen, bergapten, xanthotoxin and isopim-
pinellin (Dercks, Trumble, & Winter, 1989).

Naringin and limonin are the major bitter compounds of grape-
fruit juice and their variation is well documented during the grow-
ing season (Mansell, McIntosh, & Vest, 1983). Limonin content
decreased rapidly in the early part of the season. Naringin content
varied considerably among the cultivars and between crop years,
in some cases increase in the later part of the growing season with
commencement of rapid vegetative growth (Mansell et al., 1983).
Genetic make up such as cultivar/variety, environmental condi-
tions, developmental stage of plant also influence the content of
plant secondary metabolites. Variations of furocoumarins and
naringin have been reported in commercial grapefruit juice and
in different parts of grapefruits (Fukuda et al., 2000; Ho, Saville,
Coville, & Wanwimolruk, 2000). However, information related
the pre- and post-harvest factors on fresh grapefruit furocoumarins
is not available.
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It has been shown that plants respond to oxidative stress by
increasing the levels of antioxidants such as carotenoids and also
by increasing some antioxidant enzymes (Walker & McKersie,
1993). It is possible that plant responds to these changing environ-
mental conditions by changing the levels of secondary metabolites.
Irradiation and other stress parameters have shown to increase the
phenylalanine ammonia lyase (PAL) activity in citrus and other
fruits (Ismail & Brown, 1979; Oufedjikh, Mahrouzm, Amiot, & Lac-
roix, 2002). PAL enzyme catalyzes the deamination of L-phenylala-
nine to form trans-cinnamic acid, a precursor for flavonoids and
tannins (Dixon & Paiva, 1995). This is major enzyme involved in
the metabolism of secondary metabolites and any changes in its
activity leads to qualitative and quantitative changes in secondary
metabolites. While environmental factors may have influence on
furocoumarins and flavonoids, genetic factors might play a major
role in variation of these bioactive compounds.

Wangensteen, Molden, and Christensen (2003) proposed that,
during commercial manufacturing of juice, epoxybergamottin
present in the grapefruit peel possibly re-distribute into the juice
and by hydrolysis epoxybergamottin may be converted to more
potent CYP3A4 inhibitor i.e. DHB. Interestingly, no increased levels
of furocoumarins in the commercial grapefruit juice, commercial
processed juice significantly contain lower levels of DHB and
bergamottin compared to hand squeezed juice. Our results also
seems to provide justification for the study where, fresh squeezed
grapefruit juice has been shown to increase the bioavailability of
terfanadine by two fold compared to commercially processed juice
(Clifford et al., 1997). Commercial grapefruit juice is manufactured
in a multi-step process, which includes washing, puncturing of
peel to obtain essential oils and squeezing of the whole fruit to
juice. Furthermore, the juice is heated during pasteurization pro-
cess and finally essential oil, an important constituent of grapefruit
peel, is added as a flavor enhancer to the commercially produced
grapefruit juice.

We previously reported the isolation and characterization of
bergamottin, 60, 70-dihydroxybergamottin and paradisin A from
grapefruit juice. The identified compounds were tested for their
inhibitory effects on human CYP3A4 and CYP1B1 microsomes
using specific substrates such as dibenzylfluorescein and alkoxy-
resorufin. Paradisin A found to be the most potent CYP3A4 inhibi-
tor with an IC50 of 1.2 lM followed by DHB and bergamottin
(Girennavar et al., 2006). Edwards et al. (1996) reported that
DHB found in grapefruit juice was a potent CYP3A4 inhibitor. Sev-
eral furocoumarins such as bergamottin, epoxybergamottin, para-
disin A, paradisin B and paradisin C have also shown to inhibit
the CYP3A4 enzyme (Fukuda et al., 2000; Wangensteen et al.,
2003). Certain dimers are more effective inhibitors of CYP3A4 en-
zyme compared to their respective monomers (Guo et al., 2000),
but the dimer concentrations are very low in the juice which pos-
ses a challenge to isolate such compounds (Manthey & Buslig,
2005). Grapefruit juice induced drug interaction studies have
shown wide variation in terms of pharmacokinetics and this is
mainly due to the amounts of bioactive agents in the juice (Green-
blatt et al., 2001). Inter individual variation in the levels of cyto-
chrome P450 isozymes may also contribute to the observed
variation in drug interaction. Genetic variability may influence
drug absorption, drug metabolism and for drug interactions with
receptors. This may account for about 20–40% of the inter-individ-
ual differences in drug metabolism and response.

5. Conclusions

Our results suggest that pre-harvest factors such as season,
location and growing methods influences the levels of furocouma-
rins in grapefruits. Moreover, postharvest factors such as storage
and processing significantly affect the levels of furocoumarins.
Therefore, it is important to consider the pre- and post-harvest fac-
tors on the levels of these bioactive compounds. It is possible that
these factors affecting furocoumarin levels will have major effect
on drug bioavailability. The observed variability in the grapefruit-
drug interaction could be partially due to the variability in the lev-
els of these compounds between the different juice preparations
due to pre and post-harvest factors and processing.
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