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Abstract B-Cryptoxanthin contents were determined from Citrus unshiu Markovich fruits grown in a greenhouse and open
field of Jeju Island, off the southern coast of Korea. In a greenhouse and open field, the B-cryptoxanthin content in the peel
was greatly increased by harvesting citrus fruits in the late season from August through November. However, B-cryptoxanthin
content in the flesh was gradually increased and was superior to that of the citrus fruits grown in a greenhouse. f-
Cryptoxanthin was efficiently purified from the flesh of citrus fruits harvested in the late harvesting season in November. The
B-cryptoxanthin contents in the peel and flesh of citrus fruits harvested from a greenhouse in November were 0.89 mg% and
0.35 mg%, respectively, and in that obtained from an open field were 1.12 mg% and 0.35 mg%, respectively.
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Introduction

Citrus are the most widely cultivated fruit trees in the
world (1), and citrus fruits have been used as valuable
ingredients for oriental medicine and functional foods
(2). Citrus unshiu Markovich fruits are representative
Citrus for greenhouse cultivation in Jeju Island, off the
southern coast of Korea, and begin their pigmentation
from August and fully ripen in the middle of November.
It was reported that citrus fruits contain various bioactive
compounds such as flavonoids and carotenoids (3).

Carotenoids are isoprenoid molecules that are
widespread as natural pigments in nature. In addition to
their obvious contribution to food quality as natural
pigments, they have been shown to play vital
physiological roles (4). Over recent years there has been
considerable interest in dietary carotenoids with respect
to their potential in alleviating chronic diseases in
humans (5). Carotenoids present in fruits and vegetables
are widely believed to protect human health, prevent
some cancers (6, 7) and function as quenchers of single
oxygen, as antioxidants (8). Various natural carotenoids,
being important biological precursors of vitamin A, have
been associated with a reduced risk of cardiovascular and
other chronic diseases (9). Some epidemiological studies
have confirmed an inverse relation between carotenoid
consumption and the development of some cancers (10,
11).

More than 600 carotenoids have been identified in
foods, but most nutrition research has focused on a-
carotene, [(-carotene, lycopene, lutein, and B-
cryptoxanthin (12). In particular, B-cryptoxanthin is
present in human serum and tissue and plays a protective
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role against human disease (13, 14). B-Cryptoxanthin has
demonstrated anti-breast cancer activity and an inhibitory
effect on osteoclast-like cell formation in mouse marrow
cultures in vitro (15, 16). It was reported that [-
cryptoxanthin from Satsuma Mandarin (Citrus unshiu
Marc.) had inhibitory effects on colon carcinoma of rats
(13).

In particular, B-cryptoxanthin has received research
attention as one of the target carotenoids because of its
great biological activity for human health. To evaluate
the nutritive and biological value of food carotenoids, the
absolute concentrations need to be determined (4). There
has been particular emphasis on obtaining more accurate
data on the concentrations of various carotenoids in
foods for various health and nutrition activities (17). In
addition, accurate characterization of the association
between carotenoid intake and various chronic diseases
has been required (12). Generally, the accumulation of -
carotenoid in citrus fruits could be varied by the cuitivar
type and environment, including climate and cultivation
condition. Therefore, it is necessary to distinguish the
compositional difference between citrus fruits cultivated
in a greenhouse and those cultivated in an open field.
Such a comparison will provide valuable information for
obtaining citrus fruits fortified with a higher B-
cryptoxanthin content.

The purpose of this study was to evaluate the contents
of B-cryptoxanthin in citrus fruits harvested from a
greenhouse or open field during the ripening season.

Material and Methods

Reagents and material Citrus fruits (Citrus unshiu
Markovich) were cultivated in a greenhouse and open
field of the National Institute of Subtropical Agriculture
in Jeju Island and were harvested from August to
November 2003. The peel and flesh from the citrus fruits
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were separated and sliced. Each part of the citrus fruit
was stored at -70°C in a deep freezer. The frozen samples
were thawed in a refrigerator before carotenoid
extraction. B-Cryptoxanthin as a standard and butylated
hydroxy toluene (BHT) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Other chemicals
used were HPLC or analytical grade. A TLC plate was
purchased from Merck Co. (Silica gel 60 F254, Merck,
USA). A pBondapak™ C18 reverse phase column (3.9
x 300 mm, particle size 10 mm) was obtained from
Waters Co. (Waters Chromato-graphy, Milford, MA,
USA).

Chromatography of carotenoids The carotenoid extraction
was performed using the method reported by Ko et al.
(18). The carotenoids extracted from the peel or flesh of
the citrus fruit was analyzed using silica gel TLC plates.
For the separation of pigment compounds, hexane/
acetone (3/1, v/v) was used as the mobile solvent. The
components were separated by holding for 30 min in
darkness at room temperature. B-Cryptoxanthin as a
standard carotenoid was used for determining the R
value. The quantitative separation of carotenoids was
also performed by HPLC (19). The concentrations for the
carotenoid standard ranged from 0.1-0.5 ug/mL. The
linearity of the calibration between B-cryptoxanthin
concentration and absorbance was determined. Duplicate
samples were injected for each extract for HPLC
analysis.

Results and Discussion

TLC analysis of carotenoids in citrus fruits Crude
carotenoids were extracted from the peel and flesh of
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Fig. 1. TLC chromatograms of a standard of 3-cryptoxanthin

and carotenoids from the flesh of citrus fruits. A: standard of B-

cryptoxanthin; B-E: citrus fruits from a greenhouse; F-I: citrus

gults from an open field; B, F: Aug., C, G: Sep., D, H: Oct., E, I:
ov.
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citrus fruits grown in a greenhouse and open field of Jeju
Island. The composition of the crude -carotenoids
prepared by solvent extraction was analyzed by TLC
method. As shown in Figure 1, crude carotenoids
extracted from the peel were composed of several
carotenoid compounds, including B-cryptoxanthin with
Revalue of 0.4, It was reported that B-cryptoxanthin from
citrus fruits produced in Jeju Island had Ry value of 0.39
(18). It was expected that p-carotene was separated with
R¢ of 0.97. The B-cryptoxanthin content in the flesh and
peel was increased as the harvest season for the citrus
fruits was delayed from August (coloring season) to
November (harvesting season). It was concluded that
carotenoids containing B-cryptoxanthin were successfully
extracted from both the peel and flesh of citrus fruits.

Analysis of B-cryptoxanthin by HPLC To determine
the P-cryptoxanthin content quantitatively, HPLC
analysis was performed. The retention time of [-
cryptoxanthin was about 19 min. The B-cryptoxanthin in
the flesh was gradually increased and purified effectively as
the harvesting season of citrus fruits was delayed from
August to November. However, B-cryptoxanthin in the
crude carotenoids was less purified compared to those of
the flesh from citrus fruits, including various carotenoid
components (data not shown). Based on this previous
HPLC experiment, it was considered that crude carotenoids
from the peel contained xanthophyll-like compounds
with a retention time of 4-9 min, along with p-carotene
and lutein with Ry of 24 min and 8.5 min, respectively.
As shown in Fig. 3, B-cryptoxanthin content was greatly
changed by the harvesting season and cultivation method
of the citrus fruits. In citrus fruits harvested from an open
field, B-cryptoxanthin contents of the flesh and peel were
increased from 0.06 mg% and 0.05 mg% (August) to
0.35 mg% and 1.12 mg% (November), respectively.
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Fig. 2. TLC chrematograms of a standard of 3-cryptoxanthin
and carotenoids from the peel of citrus fruits. A: standard of -
cryptoxanthin; B-E: citrus fruits from a greenhouse; F-I: citrus fruits
from an open field; B, F: Aug., C, G: Sep., D, H: Oct,, E, I: Nov.
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Fig. 3. Comparison of B-cryptoxanthin from the peel and flesh
of citrus fruits according to the harvesting season. Abbreviation:
O-open field, G- greenhouse.

In citrus fruits grown in a greenhouse, B-cryptoxanthin
contents of the peel were 0.05 mg% (August), 0.17mg%
(September), 0.53 mg% (October), and 0.89 mg%
{November), and B-cryptoxanthin contents of the flesh were
gradually increased with 0.24 mg% (August), 0.27 mg%
(September), 0.34 mg% (October) and 0.45 mg%
(November). Previously, it was recognized that p-
cryptoxanthin content in the peel of citrus fruit was
higher than that in the flesh (17, 18). It was concluded
that the f-cryptoxanthin contents in both peel and flesh
increased as the citrus fruits fully matured. p-
Cryptoxanthin contents from the peel and flesh of citrus
fruits cultivated in November in an open field were 1.12
mg% and 0.35 mg%, respectively, and in a greenhouse
were 0.89 mg% and 0.45 mg%, respectively.

In both a greenhouse and open field, B-cryptoxanthin
content was greatly increased in citrus fruits harvested in
November (Fig. 3), which suggests that the harvesting of
Citrus unshiu Markovich fruits in November is quite
reasonable for increased content of B-cryptoxanthin. In
particular, B-cryptoxanthin of the flesh from citrus fruits
grown in a greenhouse was higher than that of an open
field during the ripening season, being indicating 0.45
mg% (greenhouse) and 0.35 mg% (open field) (Ed- there is
no respective comparison here) (Fig. 3). However, in the
peel of citrus fruits, B-cryptoxanthin was gradually increased
until September, and was higher than that of an open field.
B-cryptoxanthin of the peel reached 1.12 mg% (open field)
and 0.89 mg% (greenhouse) in November as the harvesting
season. Considering the higher content of B-cryptoxanthin in
the peel of citrus fruits, it is necessary to utilize the peel
effectively as a functional ingredient. Generally, the p-
cryptoxanthin contents varied according to various citrus
cultivars. It was reported that the amount of B-cryptoxanthin
ranged from 0.3 to 2.1 mg% in the peel of domestic citrus
cultivars (19). Miyagawa wase exhibited 5.26 mg% in the
peel and 0.78 mg% in the flesh (2). However, the pB-
cryptoxanthin contents in lemon and grapefruit were
considerably lower than those found in other citrus
cultivars, containing below 0.1 mg% in both peel and flesh
(19). Based on the comparison of 3-cryptoxanthin content,

Citrus unshiu Markovich fruit harvested from a greenhouse
in November contained reasonably higher -cryptoxanthin
in both peel (0.89 mg%) and flesh (0.35 mg%), which
confirms that Cifrus unshiu Markovich fruits are suitable
Citrus for greenhouse cultivation in Jeju Island. The
accumulation of B-cryptoxanthin could be affected by
various environmental conditions as well as by genetic
manipulation. It is expected that improve-ments of culture
environment and cultivar will increase the levels of [-
cryptoxanthin in Citrus unshiv Markovich fruits. For this
approach the basic evaluation of B-cryptoxanthin content
from Citrus unshiu Markovich fruit will provide important
information to improve the citrus cultivar in the future.
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