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Consumption of canned citrus fruit meals increases
human plasma β-cryptoxanthin concentration,
whereas lycopene and β-carotene concentrations
did not change in healthy adults
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Several studies suggest that β-cryptoxanthin has a greater plasma response from its
common food sources than other carotenoids such as β-carotene and lycopene. The
hypothesis of this study is that changes in plasma β-cryptoxanthin concentrations will be
greater than changes in plasma β-carotene or lycopene concentrations even if these
carotenoids are fed in a similar food matrix, such as citrus fruit. We tested this hypothesis
by measuring changes in plasma concentrations of β-cryptoxanthin, lycopene, and β-
carotene after feeding measured amounts of canned tangerines and pink grapefruit to
healthy nonsmoking adult humans. Volunteers served as their own controls and received
both citrus fruit treatments randomly. In the first study, 8 subjects ate single meals of 234-
304 g of tangerines or 60-540 g of pink grapefruit. The second study compared changes in
plasma carotenoid concentration caused by feeding 234 g of tangerines or 540 g of pink
grapefruit to 11 subjects. Blood was collected 5 times within 24 hours after each citrus meal.
Carotenoid concentrations were analyzed by reversed-phase high-performance liquid
chromatography. Plasma β-cryptoxanthin concentrations increased within 5 hours and
then stabilized, remaining high throughout the 24 hours measured. Plasma concentrations
of lycopene and β-carotene did not change. These results show that β-cryptoxanthin
concentrations increased after a citrus fruit meal, but lycopene and β-carotene
concentrations did not change after a similar citrus fruit meal. These results support our
hypothesis that changes in plasma β-cryptoxanthin are greater than changes in plasma
lycopene or β-carotene, even when these carotenoids are fed in a similar food matrix.
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1. Introduction

β-Cryptoxanthin, α-carotene, and especially β-carotene are
vitamin A–forming carotenoids found in fruits and vegetables
[1,2]. Vitamin A activity of pro-vitamin A carotenoid-rich
foods depends partially on the absorption of the carotenoid
from foods [3–5] and on the carotenoid's suitability as a
substrate for 15,15′-β-carotene oxygenase (BCO1) [6]. Thus,
differences in carotenoid absorption from a food may be
important in determining the amount of vitamin A formed
from that food.

β-Carotene is found in a wide variety of vegetables, fruits,
oils, and supplements [7]. The absorption and thus the
bioavailability of β-carotene in food vary greatly, being highest
in oils and lowest in green leafy vegetables. These differences
in bioavailability are well known and are represented by the
estimates of retinol activity equivalents, which vary from 1 μg
retinol activity:2 μg β-carotene in oils to 1 μg:12 μg for β-
carotene in fruits up to 1 μg:28 μg β-carotene in vegetables
[4,5]. Once absorbed, β-carotene is a highly effective substrate
for BCO1 [6]. Therefore, the decrease of retinyl activity
equivalent estimates (from 1 μg:2 μg in oil to 1 μg:28 μg in
vegetables) suggests that the absorption and bioavailability of
β-carotene frommost fruits and vegetables are relatively poor.

Lycopene is a non–vitamin A forming carotenoid that has a
limited distribution in foods, with tomatoes, watermelon,
pink grapefruit, pink guava, and papaya being good sources
[7]. Lycopene consumption is high in many populations,
including those from the United States and much of Europe
[8]. The impact of food matrix on lycopene bioavailability is
well established. Specifically, including fat in the food matrix
increases bioavailability dramatically. Food processing is also
important, withmore processed foods tending to have greater
bioavailability [9–13]. Even with processing and the addition
of fat, the absorption and bioavailability of lycopene are also
relatively poor from most foods [9–13].

β-Cryptoxanthin is found in high concentrations in only a
few foods such as tangerines, oranges, and pumpkin [7].
Unlike β-carotene and lycopene, β-cryptoxanthin is present in
modest amounts (about 1 mg/100 g) even in its richest food
sources. Therefore, typical dietary intakes of β-cryptoxanthin
in the United States are lower than intakes of β-carotene and
lycopene. However, despite its scarcity in foods, β-cryptoxanthin
is one of the most abundant carotenoids in blood [14]. The
abundance of β-cryptoxanthin in blood compared with its
scarcity in foods suggests that β-cryptoxanthin may be more
bioavailable than β-carotene and lycopene from common food
sources. Currently, there is little information on β-cryptoxanthin
absorption and bioavailability from food [15], and indeed, there
are only a few studies of any aspect of β-cryptoxanthin
metabolism inhumans [3,16–18]. Even so, several studies suggest
that β-cryptoxanthin is better absorbed from foods and more
bioavailable than β-carotene or lycopene [3,14,18].

There are a few reasons why β-cryptoxanthin may be more
bioavailable than other common carotenoids from food. First,
β-cryptoxanthin is a xanthophyll and therefore more polar
and potentially more easily absorbed from food than more
hydrophobic carotenes such as β-carotene and lycopene [1,2].
Second, the most common food sources for β-cryptoxanthin,

β-carotene, and lycopene differ. A common food source of β-
cryptoxanthin is citrus fruit, whereas lycopene is found
primarily in tomatoes and β-carotene in a wide variety of
fruits and vegetables [1,2,7,14]. Carotenoids in citrus fruit may
be more bioavailable than carotenoids in tomatoes and
vegetables. Third, carotenoid cleavage activity in intestinal
mucosal cells differs between carotenoids [19], so it is possible
that the rate or extent of β-cryptoxanthin cleavage to its
metabolites might bemuch lower than lycopene or β-carotene
cleavage.

The hypothesis of these studies is that feeding equivalent
amounts of β-cryptoxanthin, β-carotene, and lycopene from a
similar food matrix will result in higher plasma concentra-
tions of β-cryptoxanthin compared with the other caroten-
oids. We tested this hypothesis by comparing the changes in
concentrations of plasma β-cryptoxanthin, β-carotene, and
lycopene after feeding healthy well-nourished humans single
meals of canned citrus fruit. These studies will generate
useful information for scientists investigating carotenoid
absorption and metabolism.

2. Methods and materials

2.1. Chemicals

Lycopene, β-carotene, β-apo-8-carotenal, and butylated hy-
droxytoluene were purchased from Sigma-Aldrich Chemical
Co (St Louis, MO, USA). β-Cryptoxanthin, α-carotene, and
zeaxanthin were from Santa Cruz Biotechnology, Inc (Dallas,
TX, USA). Lutein was from ChromaDex, Inc (Irvine, CA, USA).
Hexanes, dichloromethane, and methanol (high-performance
liquid chromatography [HPLC] grade) were purchased from
Fisher Scientific Inc (Waltham, MA, USA). Ethanol (100%)
was purchased from Decon Labs, Inc (King of Prussia, PA,
USA). Interday variance was measured with human plas-
ma purchased from UTAK Laboratories, Inc (Valencia, CA,
USA). Geisha JFE SHOJI Trade America, Inc, canned man-
darin oranges segments and Dole Food Company grape-
fruit segments were purchased from local markets in
Davis, CA, USA.

2.2. Study design

Two studies are described. The first study determined the
amount of tangerine and pink grapefruit needed to be
consumed to cause carotenoid concentration changes in
plasma. It compared carotenoid plasma responses after
feeding single meals of 60, 105, or 540 g of pink grapefruit vs
234 or 304 g of tangerines to healthy adult humans (Table 1).
Eight volunteers participated in this crossover study (with 1
man and 1 woman testing each treatment).

After analyzing results from this study, the second study
was conducted as a randomized, crossover, single-blind study
(with researchers analyzing carotenoid concentrations
blinded to the intervention) by feeding 540 g of pink grapefruit
or 234 g of tangerines as single meals to 11 volunteers (6 men,
5 women). Aside from the amount of citrus fruit fed during
the studies, the studies followed similar procedures for
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