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ABSTRACT
Background: Watermelon, a rich source of lycopene, has garnered attention for cardioprotective effects including cholesterol reduction and
promotion of redox balance. It is unknown whether 100% watermelon juice may represent a food-first approach to confer cardioprotective benefits
of lycopene.
Objectives: This study examined influences of 100% watermelon juice on serum lycopene, lipids, and antioxidant capacity. Secondly, the study
explored genetic influences on lycopene metabolism and bioavailability.
Methods: A placebo-controlled, randomized, double-blind, crossover trial with postmenopausal women (n = 16, mean ± SD age: 60 ± 4.1 y)
assessed effects of 100% watermelon juice on mechanistic and clinical outcomes influencing vascular function. Participants maintained
low-lycopene diets for a 1-wk run-in period and throughout the study. Morning and evening consumption of 100% watermelon juice provided a
daily dose of 14.4 ± 0.34 mg lycopene. Study arms of 4 wk were separated by a 2-wk washout period. Saliva was collected for genetic analysis of
single nucleotide polymorphisms, and fasting blood samples were taken pre– and post–study arms. Statistical analyses included mixed models,
linear regression, and nonparametric tests.
Results: Serum lycopene exhibited a significant treatment effect (P = 0.002) along with notable interindividual responses; however, significant
improvements in serum lipids or antioxidant capacity were not observed. Genetic variant rs6564851 in the β-carotene 15,15’-oxygenase-1 (BCO1)
gene was associated with changes in lycopene such that TT homozygotes exhibited a significantly greater increase (β ± SE: 13.4 ± 1.6,
P = 1.4 × 10−06).
Conclusions: Watermelon juice supplementation did not result in improvements in serum lipids or antioxidant capacity; however, results support
findings in which watermelon juice significantly, yet differentially, increased circulating lycopene. Genetics appears to explain some of the
variability. Given that dose has been shown to overcome individual responsiveness to lycopene interventions, future investigations with varying
doses of lycopene-rich foods would be strengthened by genotyping so as to establish personalized nutrition recommendations. This trial was
registered at clinicaltrials.gov as NCT03626168. Curr Dev Nutr 2020;4:nzaa102.
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Introduction

Lycopene is among the most abundant carotenoids in human serum,
and research suggests that it has superior singlet oxygen quenching po-
tential compared with other carotenoids (1–4). The acyclic, highly con-
jugated hydrocarbon structure of lycopene imparts direct antioxidant

functionality and indirect functionality through modulation of antioxi-
dant enzyme production, thus limiting the oxidation of LDL cholesterol
(5, 6). Lycopene also exerts other cardioprotective effects by inhibiting
the rate-limiting enzyme in cholesterol synthesis and augmenting the
activity of macrophage LDL cholesterol receptors similarly to the effect
of statin drugs (7, 8). Nevertheless, mechanisms underpinning the effect
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of lycopene on vascular health may be attenuated by numerous factors
known to influence lycopene bioavailability.

Among these factors, food processing, diet composition, adipos-
ity, BMI, gender, and smoking account for ∼25% of the variance
in lycopene bioavailability (9–13). Additional factors influencing the
bioavailability and efficacy of lycopene include the form of consump-
tion: food compared with supplement. For example, a recent meta-
analysis of 21 intervention trials reported significant reductions in LDL
cholesterol and improvements in flow-mediated dilation among inter-
ventions supplementing tomato products into the diet (14); however,
systolic blood pressure was the only cardiovascular disease risk fac-
tor significantly reduced when lycopene supplements served as the in-
tervention vehicle. Lastly, albeit understudied, studies suggest several
genetic variants involved in carotenoid metabolism may influence ly-
copene bioavailability (Table 1) (12, 15–21).

Watermelon, a rich source of dietary lycopene, has garnered atten-
tion for its potential cardioprotective effects (5). In addition, interven-
tion studies with other lycopene-rich foods have reported reductions
in cholesterol and lipid peroxidation—outcomes associated with car-
diovascular disease (22). Taken collectively, these findings mean wa-
termelon may represent a food-first approach to confer cardioprotec-
tive benefits of lycopene. Thus, the objective of this study was to assess
the influence of 100% watermelon juice supplementation on serum ly-
copene, lipids, and antioxidant capacity. Secondarily, the study aimed
to explore potential genetic influences on lycopene metabolism and
bioavailability.

Methods

A placebo-controlled, randomized, double-blind, crossover trial
(NCT03626168) with postmenopausal women (n = 16, mean ± SD
age: 60 ± 4.1 y) assessed the effect of 100% watermelon juice on
mechanistic and clinical outcomes influencing vascular function (23).

TABLE 1 Selected SNPs related to carotenoid bioavailability1

SNP Gene Allele MAF
Supporting
literature

rs7841189 LPL C>T 14.8% (15)
rs9468304 ELOVL2 G>A 30.2% (15)
rs911196 ELOVL2 T>G 25.2% (15)
rs9365046 SOD2 G>A 16.9% (15)
rs6564851 BCO1 T>G 47.6% (17, 19)
rs4112274 CD36 C>T 22.4% (15)
rs1871744 ABCG2 T>C 17.3% (15)
rs17482753 LPL G>T 8.8% (15)
rs17029173 MTTP T>G 13.5% (15)
rs1672879 SCARB1 G>A,T 26.9% (12)
rs11057841 SCARB1 C>T 17.9% (20)
rs1042031 APOB C>A,T 12.8% (15)
rs10248420 ABCB1 A>G,T 34.7% (15)
1SNP = single nucleotide polymorphism; LPL= lipoprotein lipase; ELOVL2=
ELOVL fatty acid elongase 2; SOD2= superoxide dismutase 2; BCO1= beta-
carotene oxygenase 1; CD36= CD36 molecule; ABCG2= ATP binding cassette
subfamily G member 2; MTTP= microsomal triglyceride transfer protein; SCARB1=
scavenger receptor class B member 1; APOB= apolipoproteinB; ABCB1= ATP
binding cassette subfamily B member 1; MAF = minor allele frequency from the
default global population of the 1000Genome Project (21).

By study design, participants were normotensive, nonsmokers with
a BMI of 18.5–29.9 kg/m2, and in overall good health. Exclusion
criteria included food allergy to watermelon; history of hypotension
or hypertension; chronic kidney disease; diabetes; previous cardiac
events and procedures; smoking or other tobacco use within the past
6 mo; use of anticoagulant, cholesterol-lowering, or blood-pressure
medications; and use of dietary supplements containing antioxi-
dants or bioactive compounds within watermelon. All protocols
were approved by the Institutional Review Board at the University
of Alabama, and all participants provided written informed consent
for voluntary involvement in the study. Compensation was pro-
vided to participants at the beginning and end of each 4-wk study
arm.

For a 1-wk run-in period and during the study, participants were
asked to adhere to their typical diet pattern apart from foods rich in ly-
copene. Participants were provided with a list of lycopene-rich foods
and were asked to limit these to 2 servings/d for the study duration
including during the 2-wk washout period. Compliance to the low-
lycopene diet was assessed by 3 random 24-h recalls that were analyzed
using the Nutrition Data System for Research (Nutrition Coordinating
Center, Minneapolis, MN, 2015), a software program designed for anal-
ysis of food diaries and 24-h dietary recalls. Diet recalls were adminis-
tered by trained study staff using a multipass method validated for use
in older adults (24). The 4-wk intervention arm consisted of morning
and evening consumption of pasteurized 100% watermelon juice with a
meal containing dietary lipids. The daily dose (2 bottles each contain-
ing 360 mL) provided 14.4 ± 0.34 mg lycopene. Selection of pasteurized
100% watermelon juice as opposed to watermelon fruit was based on
the fact that thermal processing converts lycopene to its most bioavail-
able form: cis-lycopene (25). Pasteurized watermelon juice was donated
by Frey Farms from a single harvest of Estrella variety melons. Sam-
ples from each batch of watermelon juice were tested for lycopene con-
centration to ensure homogeneity between batches. The 4-wk placebo
arm consisted of morning and evening consumption of a placebo bever-
age formulated with sucrose, nonnutritive watermelon flavoring, pectin,
cellulose, malic acid, and FDA-approved food coloring. The sugar con-
tent and acidity of the placebo beverage were matched to the 100%
watermelon juice. The placebo beverage was devoid of bioactive com-
pounds found in 100% watermelon juice.

To ensure participant blinding to treatment group, a sensory study
was conducted with postmenopausal women to comparatively assess
the sensory attributes of 100% watermelon juice and the watermelon-
flavored placebo beverage (26). Blinding for the sensory study was
achieved by randomly generated numeric sample codes along with ran-
domized sample introduction using SIMS Sensory Quality Panel Soft-
ware Systems. The lack of significant differences noted between the
100% watermelon juice and placebo in the sensory attributes of aroma,
taste, and texture strengthens the double-blind crossover design of the
present study by reducing participant discrimination and, possibly, im-
proving adherence to the study protocol.

Participants were randomly assigned to the order in which they re-
ceived juice or placebo using a randomization plan generated by PROC
PLAN in SAS version 9.4 (SAS Institute), and a closed envelope method
was used to assign a randomization code to each participant. Only
research staff not involved in data collection or analysis had access
to the randomization scheme, and those individuals were responsible
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for providing participants with their respective beverages. Before each
4-wk study arm, participants were provided with juice or placebo
in 360 ml opaque bottles to be stored under refrigeration until
time of consumption. Beverage compliance was assessed by two 28-d
participant-administered log forms with check-off boxes for each dose,
and minimal adherence was defined as 70% a priori. Saliva samples
were collected for single nucleotide polymorphism (SNP) genotyping,
and fasting blood samples were collected pre– and post–intervention
arms.

Assessment of serum lycopene, lipids, oxidized LDL
cholesterol, and antioxidant capacity
Serum was stored at −80◦C until analysis, at which time it was thawed
and handled under dim light. Lycopene extraction was conducted ac-
cording to a previously validated method (27). Briefly, 0.5 mL ethanol
containing 1 g butylated hydroxytoluene/L was added to 0.5 mL serum
and mixed on a vortex. Serum samples were extracted twice with 1.0 mL
hexane. The organic layer was pooled and evaporated at 38◦C under ni-
trogen for reconstitution with 2-propanol. The chromatographic sep-
aration was carried out using an ACQUITY ultra-HPLC system with
a photodiode array detector and ACQUITY BEH Shield RP18 column
(2.1 × 100 mm, 1.7 μm) (Waters) according to a previously described
method for fat-soluble micronutrients (28). This method was selected
owing to its excellent chromatographic reproducibility and sensitivity.
Lycopene and β-apo-8’-carotenal were sourced from Sigma-Aldrich,
and β-apo-8’-carotenal served as the internal standard for measure-
ment. The limit of measurement for lycopene was 0.039 μM. Sam-
ples were extracted in duplicate and all samples were run in random
order.

Blood lipids were measured on a Stanbio Sirus automated analyzer.
Total cholesterol, triglycerides, LDL cholesterol, and HDL cholesterol
levels are reported as milligrams per deciliter. Oxidized LDL cholesterol
was analyzed using an enzyme immunoassay (Cell BioLabs, Inc.) with
a sensitivity limit of <50 ng/mL.

Before antioxidant capacity analyses, serum was deproteinated ac-
cording to a published method using methanol:acetonitrile:acetone
(1:1:1, by vol) added to samples in a ratio of 1:4 (vol:vol) (29). This
method allows for detection of small-molecular-weight antioxidants
(<6 kDa). The antioxidant capacity was measured using the oxygen
radical absorbance capacity assay on a FLUOstar Optima plate reader
(BMG Labtech) (30). The compound 2,2-azobis (2-amidino-propane)
dihydrochloride was used as the peroxyl radical generator and Trolox,
a water-soluble analog of vitamin E, served as the reference antioxidant
standard. Antioxidant capacity is expressed as micromole Trolox equiv-
alents.

Assessment of SNP genotyping
A thorough review of the literature was conducted to identify SNPs as-
sociated with lipoprotein transport and carotenoid metabolism. Saliva
samples were used to isolate DNA. The isolated DNA was used to geno-
type 13 SNPs (Table 1) as part of a larger array: Infinium multi-ethnic
global-8 (Illumina Inc.).

Statistical analysis
Sample size considerations were based on published data regarding the
influence of tomato juice on serum lycopene (31). Expecting a mean

TABLE 2 Characteristics of participants at baseline1

Characteristics Values

Demographics
Age, y 60 ± 4.1
BMI, kg/m2 25.08 ± 3.6
Ethnicity, %

Hispanic or Latino 0
Not Hispanic or Latino 100

Race, %
White 100

Education level, n
High school 2
College/postgraduate 14

Serum measures
Lycopene, μM 1.37 ± 0.8
oxLDL-C, μg/dL 75.24 ± 10.4
Total cholesterol, mg/dL 218.78 ± 35.7
Triglycerides, mg/dL 98.56 ± 37.6
LDL-C, mg/dL 126.34 ± 34.4
HDL-C, mg/dL 73.59 ± 11.8
T-ORAC, μM TE 749.51 ± 231.3
H-ORAC, μM TE 251.07 ± 94.1
L-ORAC, μM TE 498.44 ± 153.4

1n = 16. Values are means ± SDs unless otherwise indicated. HDL-C, HDL
cholesterol; H-ORAC, hydrophilic oxygen radical absorbance capacity; LDL-C, LDL
cholesterol; L-ORAC, lipophilic oxygen radical absorbance capacity; oxLDL-C, ox-
idized LDL cholesterol; TE, Trolox equivalents; T-ORAC, total oxygen radical ab-
sorbance capacity.

change in serum lycopene of 0.1 μM with an SD of change of 0.025 μM
and a significance level of 5%, there was 80% power to detect a signif-
icant change in lycopene with 15 participants. Statistical analysis was
conducted using SAS software version 9.4 (SAS Institute).

Intent-to-treat analysis was conducted using generalized linear
mixed models to examine the effect of the intervention (i.e., random
assignment to 100% watermelon juice or placebo) on serum lycopene,
lipids, and antioxidant capacity (32). The multivariable-adjusted mod-
els included prerandomization scores at both study periods (i.e., be-
fore and after the washout period). Given the homogeneity of the
study population, the a priori statistical plan was not adjusted for the
aforementioned potential influencers of lycopene bioavailability (age,
race, sex, or BMI). Because participants were of the same biological
sex and race, additional analyses were conducted with age and BMI
as covariates in order to confirm the a priori statistical plan. Analysis
of the genetic data included the Kruskal–Wallis test or the Wilcoxon
test depending upon the genotypic frequencies present in this sample
population. Results reported herein are reflective of mean ± SD val-
ues. Owing to the exploratory nature of these analyses, exact P values
are presented along with associations and estimates that have P values
<0.05.

Results

Table 2 presents demographic data as well as the distribution of out-
come measures at baseline. It should be noted that 17 participants com-
pleted the study, yet only 16 consented to providing a saliva sample
for genotyping. Thus, statistical analysis was conducted with data from
16 participants. Results from the mixed models revealed that, as op-
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FIGURE 1 Interindividual differences in serum lycopene in response to 100% watermelon juice supplementation.

posed to the group randomly assigned to the placebo, those randomly
assigned to watermelon juice had significantly higher circulating serum
lycopene (β coefficient: 0.5475; 95% CI: 0.204, 0.891; P = 0.0028). This
finding met the significance threshold of 0.05 even after accounting for
multiple testing. In addition, the P value obtained from the permuta-
tion test confirms the statistical significance of the findings. The related
Cohen’s d effect size was computed in order to gain further insight into
the clinical significance. Serum lycopene exhibited a significant treat-
ment effect (0.85) with striking interindividual differences in lycopene
response (Figure 1). Consumption of 100% watermelon juice did not
result in significant changes in serum lipids or antioxidant capacity
(Table 3).

Among genetic variants previously shown to influence lycopene
metabolism and bioavailability, 13 SNPs were associated with lycopene
response (Table 4); however, only rs6564851 in the β-carotene 15,15’-
oxygenase-1 (BCO1) gene was identified as significantly associated with
changes in lycopene (β ± SE: 13.4 ± 1.6, P = 1.4 × 10−06).

Of interest, this significant change was observed in the placebo
arm of the study with a mean change of 14.78 ± 1.95 μM serum
lycopene among individuals with the TT genotype compared with a
mean change of 1.42 ± 2.11 μM serum lycopene among the com-
bined GG + TG genotypes. Two additional SNPs were found to be
marginally associated with changes in lycopene in the placebo arm.
These were rs9365046 in the superoxide dismutase 2 (SOD2) gene
(β coefficient: 7.51, P = 0.049) and rs1871744 in the ATP binding
cassette subfamily G member 2 (ABCG2) gene (β coefficient: 7.51,
P = 0.049).

Discussion

In light of evidence suggesting that lycopene may favorably affect blood
lipids and redox balance, this study examined the effect of 100% wa-
termelon juice supplementation on serum lycopene, lipids, and antiox-
idant capacity along with conducting an exploratory analysis of select
SNPs related to lycopene metabolism and bioavailability. Despite sig-
nificant increases in serum lycopene postsupplementation, a treatment
effect on blood lipids or antioxidant capacity was not observed. Re-
sults are supported by previous findings in which a similar dose of ly-

TABLE 3 Changes in serum lipids and antioxidant capacity
after 4-wk consumption of 100% watermelon juice1

Serum measures
Pre–watermelon

juice consumption
Post–watermelon
juice consumption

oxLDL-C, μg/dL 72.41 ± 9.50 72.44 ± 8.88
Total cholesterol, mg/dL 205.07 ± 26.05 214.81 ± 32.58
Triglycerides, mg/dL 81.00 ± 28.46 97.50 ± 43.54
LDL-C, mg/dL 115.47 ± 27.64 124.38 ± 32.89
HDL-C, mg/dL 73.40 ± 12.60 70.94 ± 11.51
T-ORAC, μM TE 769.25 ± 251.77 869.66 ± 209.04
H-ORAC, μM TE 273.39 ± 99.06 328.99 ± 94.04
L-ORAC, μM TE 495.86 ± 204.62 540.67 ± 214.89
1n = 16. Values are means ± SDs. Intent-to-treat analysis was conducted us-
ing generalized linear mixed models albeit no significant differences in serum
lipids or antioxidant capacity were observed. HDL-C, HDL cholesterol; H-
ORAC, hydrophilic oxygen radical absorbance capacity; LDL-C, LDL choles-
terol; L-ORAC, lipophilic oxygen radical absorbance capacity; oxLDL-C, oxi-
dized LDL cholesterol; TE, Trolox equivalents; T-ORAC, total oxygen radical
absorbance capacity.
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TABLE 4 Distribution of genetic variants related to carotenoid metabolism and transport1

Gene SNP Chromosome (loc) Genotypes (n)

LPL rs7841189∗ 8 (19845376) TT (1) TC (4) CC (10)
ELOVL2 rs9468304∗ 6 (11042165) GG (7) AG (6) AA (2)
SOD2 rs9365046 6 (159756737) GG (13) AG (2) —
ELOVL2 rs911196∗ 6 (10990751) AA (7) AC (6) CC (2)
BCO1 rs6564851∗ 16 (81264597) GG (4) TG (9) TT (2)
CD36 rs4112274 7 (80167254) CC (11) TC (4) —
ABCG2 rs1871744 4 (89039629) TT (13) TC (2) —
LPL rs17482753∗ 4 (19832646) GG (11) TG (3) TT (1)
MTTP rs17029173 4 (100509321) TG (3) TT (12) —
SCARB1 rs1672879 12 (125281102) CC (13) AC (2) —
SCARB1 rs11057841 12 (125316743) CC (11) TC (4) —
APOB rs1042031 2 (21225753) GG (11) AG (4) —
ABCB1 rs10248420 7 (87164986) AA (8) AG (7) —
1SNP = single nucleotide polymorphism; LPL = lipoprotein lipase; ELOVL2 = ELOVL fatty acid elongase 2; SOD2 = superoxide dismutase 2; BCO1 = beta-carotene
oxygenase 1; CD36 = CD36 molecule; ABCG2 = ATP binding cassette subfamily G member 2; MTTP = microsomal triglyceride transfer protein; SCARB1 = scavenger
receptor class B member 1; APOB = apolipoprotein B; ABCB1 = ATP binding cassette subfamily B member 1.
∗SNP analyzed by combining 2 of the 3 genotypes owing to the low representation of 1 genotype in this sample population.

copene provided by watermelon or tomato juice did not result in im-
provements in antioxidant capacity or cholesterol levels in middle-aged
adults (33). In contrast, 2 recent systematic reviews reported varying
degrees of improvement in lipid profiles after consumption of 100%
fruit juice or supplementation with lycopene (34, 35). It is plausible that
the discrepancy in results may be attributed to differing bioactive com-
pounds as well as the dose and duration of the intervention. For ex-
ample, in a recent meta-analysis of 21 intervention studies investigat-
ing lycopene and cardiovascular outcomes, a high degree of variability
in treatment effectiveness was observed as a result of varying doses of
lycopene as well as duration of the interventions ranging from 6 h to
6 mo (14).

Significant increases in circulating lycopene after consumption of
watermelon juice are supported by previous intervention studies (18,
36, 37). Despite the significant overall treatment effect, wide interindi-
vidual differences in circulating lycopene were observed. In the present
study, efforts were instituted to ensure that this variability was not at-
tributable to intervention compliance or background diet. For exam-
ple, adherence to beverage consumption across study arms was 92%,
thus exceeding the minimal adherence threshold of 70%; furthermore,
participant adherence to the low-lycopene diet was monitored through-
out the study with an average lycopene intake across the study of
1.78 ± 3.24 mg/d. As a reference point, this is far below the aver-
age daily intake of lycopene in the United States (6.15 mg/d), Aus-
tralia (3.8 mg/d), France (4.8 mg/d), or the Netherlands (4.9 mg/d)
(38). To further elucidate the variability in serum lycopene in response
to the intervention, this study sought to investigate genetic influences
on lycopene metabolism and bioavailability. Indeed, a candidate SNP
(rs6564851) in the BCO1 gene was identified as significantly associ-
ated with changes in lycopene. These results are supported by find-
ings from the InCHIANTI Study and the Women’s Health and Ag-
ing Study in which the G allele of rs6564851 was significantly associ-
ated with lower circulating lycopene (P = 0.003) (19). Similarly, the
G allele in this same SNP was significantly associated with lower cir-
culating lycopene in a study investigating a tomato–soy juice inter-
vention among men with prostate cancer (P = 0.046) (17). In the

present study, the significant change in lycopene associated with this
genetic variant was observed in the placebo arm only. Because lycopene
has been shown to accumulate differentially in tissues, these findings
may be partially explained by complex metabolic processes involved
in fast-turnover tissues of lycopene (i.e., liver) compared with slow-
turnover tissues (i.e., adipose tissue) (39–41). Further investigation is
warranted to fully elucidate the influence of turnover tissues in releasing
lycopene during periods of restricted or low-lycopene diets. Although
the 2-wk washout period between arms was based on previous studies
(42), a washout period of 2 wk may be insufficient if lycopene is in-
deed sequestered in adipose for release during periods of low lycopene
intake.

Our study provides insightful results, yet the homogeneity of par-
ticipants may limit the generalizability of these findings. For example,
SNPs in other genes not presenting as significant in this analysis have
been shown to predict serum lycopene differently based on ethnicity
(12). Although the study was powered for the a priori analysis of circu-
lating lycopene, the small sample size is certainly a limitation for genetic
analysis. This study was strengthened by use of a cross-sectional design
as well as by the use of gold-standard methodology for biochemical as-
says and SNP genotyping.

In conclusion, results from this study support the role of 100% wa-
termelon juice in improving circulating lycopene. The daily provision of
100% watermelon juice bolstered lycopene intake above the reported av-
erage daily intake in various studied populations (38). This is a point of
interest considering the previously acknowledged cardioprotective ef-
fects of lycopene coupled with the fact that lycopene intake has been
reported to reduce one’s risk of developing metabolic syndrome (35).
Lastly, individuals’ responses to lycopene vary and it has been shown
that a weak response to dietary lycopene based on the presence of other
SNPs in the BCO1 gene (rs12934922 and rs7501331) may be partially
overcome by increasing the dose of lycopene provided in watermelon
juice (18). Taken collectively, this indicates that future investigations
with varying doses of lycopene-rich foods and SNP genotyping are war-
ranted to establish individualized nutrition recommendations for con-
ferring cardiovascular protection.
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Lycopene and vascular health. Front Pharmacol 2018;9:521.

6. Pereira BLB, Reis PP, Severino FE, Felix TF, Braz MG, Nogueira FR, Silva
RAC, Cardoso AC, Lourenço MAM, Figueiredo AM, et al. Tomato
(Lycopersicon esculentum) or lycopene supplementation attenuates
ventricular remodeling after myocardial infarction through different
mechanistic pathways. J Nutr Biochem 2017;46:117–24.

7. Heber D, Lu Q-Y. Overview of mechanisms of action of lycopene. Exp Biol
Med (Maywood) 2002;227(10):920–3.

8. Fuhrman B, Elis A, Aviram M. Hypocholesterolemic effect of lycopene and β-
carotene is related to suppression of cholesterol synthesis and augmentation
of LDL receptor activity in macrophages. Biochem Biophys Res Commun
1997;233(3):658–62.

9. Erdman JW, Jr. How do nutritional and hormonal status modify the
bioavailability, uptake, and distribution of different isomers of lycopene? J
Nutr 2005;135(8):2046S–7S.

10. Arab L, Cambou MC, Craft N, Wesseling-Perry K, Jardack P, Ang A. Racial
differences in correlations between reported dietary intakes of carotenoids
and their concentration biomarkers. Am J Clin Nutr 2011;93(5):1102–8.

11. Zaripheh S, Erdman JW, Jr. Factors that influence the bioavailablity of
xanthophylls. J Nutr 2002;132(3):531S–4S.

12. Zubair N, Kooperberg C, Liu J, Di C, Peters U, Neuhouser ML.
Genetic variation predicts serum lycopene concentrations in a multiethnic
population of postmenopausal women. J Nutr 2015;145(2):187–92.

13. Grolier P, Boirie Y, Levadoux E, Brandolini M, Borel P, Azais-Braesco V,
Beaufrere B, Ritz P. Age-related changes in plasma lycopene concentrations,
but not in vitamin E, are associated with fat mass. Br J Nutr 2000;84(5):711–6.

14. Cheng HM, Koutsidis G, Lodge JK, Ashor A, Siervo M, Lara J. Tomato
and lycopene supplementation and cardiovascular risk factors: a systematic
review and meta-analysis. Atherosclerosis 2017;257:100–8.

15. Borel P, Desmarchelier C, Nowicki M, Bott R. Lycopene bioavailability is
associated with a combination of genetic variants. Free Radic Biol Med
2015;83:238–44.

16. Moran NE, Erdman JW, Clinton SK. Complex interactions between dietary
and genetic factors impact lycopene metabolism and distribution. Arch
Biochem Biophys 2013;539(2):171–80.

17. Moran NE, Thomas-Ahner JM, Fleming JL, McElroy JP, Mehl R, Grainger
EM, Reidl KM, Toland AE, Schwartz AJ, Clinton SK. Single nucleotide
polymorphisms in β-carotene oxygenase 1 are associated with plasma
lycopene responses to a tomato-soy juice intervention in men with prostate
cancer. J Nutr 2019;149(3):381–97.

18. Wang TTY, Edwards AJ, Clevidence BA. Strong and weak plasma response to
dietary carotenoids identified by cluster analysis and linked to beta-carotene
15,15’-monooxygenase 1 single nucleotide polymorphisms. J Nutr Biochem
2013;24(8):1538–46.

19. Ferrucci L, Perry JRB, Matteini A, Perola M, Tanaka T, Silander K, Rice N,
Melzer D, Murray A, Cluett C. Common variation in the β-carotene 15,15′-
monooxygenase 1 gene affects circulating levels of carotenoids: a genome-
wide association study. Am J Hum Genet 2009;84(2):123–33.

20. D’Adamo CR, D’Urso A, Ryan KA, Yerges-Armstrong LM, Semba RD, Steinle
NI, Mitchell BD, Shuldiner AR, McArdle PF. A common variant in the
SETD7 gene predicts serum lycopene concentrations. Nutrients 2016;8(2):
82.

21. National Center for Biotechnology Information (NCBI). dbSNP [Internet].
Bethesda, MD: NCBI [cited 8 June 2019]. Available from: https://www.ncbi
.nlm.nih.gov/snp/.

22. Palozza P, Catalano A, Simone RE, Mele MC, Cittadini A. Effect of
lycopene and tomato products on cholesterol metabolism. Ann Nutr Metab
2012;61(2):126–34.

23. Ellis AC, Dudenbostel T, Locher JL, Crowe-White K. Modulating oxidative
stress and inflammation in elders: the MOXIE study. J Nutr Gerontol Geriatr
2016;35(4):219–42.

24. Harnack L, Stevens M, Van Heel N, Schakel S, Dwyer JT, Himes J.
A computer-based approach for assessing dietary supplement use in
conjunction with dietary recalls. J Food Compos Anal 2008;21(Supplement
1):S78–S82.

25. Shi J. Lycopene in tomatoes: chemical and physical properties affected by
food processing. Crit Rev Biotechnol 2000;20(4):293–334.

26. Jung SE, Ellis AC, Crowe-White K. Intention of older women to consume
100% watermelon juice for vascular health: an application of theory of
planned behavior. J Nutr Gerontol Geriatr 2018;37(2):130–43.

27. Boileau TW-M, Clinton SK, Zaripheh S, Monaco MH, Donovan SM, Erdman
JW, Jr. Testosterone and food restriction modulate hepatic lycopene isomer
concentrations in male F344 rats. J Nutr 2001;131(6):1746–52.

28. Paliakov EM, Crow BS, Bishop MJ, Norton D, George J, Bralley JA. Rapid
quantitative determination of fat-soluble vitamins and coenzyme Q-10 in
human serum by reversed phase ultra-high pressure liquid chromatography
with UV detection. J Chromatogr B 2009;877(1):89–94.

29. Crowe KM. Optimizing protein precipitation efficiency for assessing the
contribution of low molecular weight compounds to serum antioxidant
capacity. Clin Biochem 2014;47(15):116–8.

30. Prior RL, Hoang H, Gu L, Wu X, Bacchiocca M, Howard L, Hampsch-
Woodill M, Huang D, Ou B, Jacob R. Assays for hydrophilic and lipophilic
antioxidant capacity (oxygen radical absorbance capacity (ORACFL)) of
plasma and other biological and food samples. J Agric Food Chem
2003;51(11):3273–9.

31. Jacob K, Periago MJ, Böhm V, Berruezo GR. Influence of lycopene
and vitamin C from tomato juice on biomarkers of oxidative stress and
inflammation. Br J Nutr 2008;99(1):137–46.

32. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models
using lme4. J Stat Soft 2015;67(1):48.

33. Collins JK, Arjmandi BH, Claypool PL, Perkins-Veazie P, Baker RA,
Clevidence BA. Lycopene from two food sources does not affect antioxidant
or cholesterol status of middle-aged adults. Nutr J 2004;3:15.

34. Crowe-White K, Parrott JS, Stote KS, Gutschall M, Benson-Davies S, Droke
E, O’Neil CE, Wolfram T, Zeigler P. Metabolic impact of 100% fruit juice

CURRENT DEVELOPMENTS IN NUTRITION

https://www.ncbi.nlm.nih.gov/snp/


Serum lycopene response to 100% watermelon juice 7

consumption on antioxidant/oxidant status and lipid profiles of adults: an
evidence-based review. Crit Rev Food Sci Nutr 2017;57(1):152–62.

35. Senkus KE, Tan L, Crowe-White KM. Lycopene and metabolic syndrome: a
systematic review of the literature. Adv Nutr 2019;10(1):19–29.

36. Ellis AC, Dudenbostel T, Crowe-White KM. Watermelon juice: a novel
functional food to increase circulating lycopene in older adult women. Plant
Foods Hum Nutr 2019;74(2):200–3.

37. Edwards AJ, Vinyard BT, Wiley ER, Brown ED, Collins JK, Perkins-Veazie
P, Baker RA, Clevidence BA. Consumption of watermelon juice increases
plasma concentrations of lycopene and β-carotene in humans. J Nutr
2003;133(4):1043–50.

38. Porrini M, Riso P. What are typical lycopene intakes? J Nutr
2005;135(8):2042S–5S.

39. Moran NE, Clinton SK, Erdman JW, Jr. Differential bioavailability, clearance,
and tissue distribution of the acyclic tomato carotenoids lycopene and
phytoene in Mongolian gerbils. J Nutr 2013;143(12):1920–6.

40. Diwadkar-Navsariwala V, Novotny JA, Gustin DM, Sosman JA, Rodvold
KA, Crowell JA, Stacewicz-Sapuntzakis M, Bowen PE. A physiological
pharmacokinetic model describing the disposition of lycopene in healthy
men. J Lipid Res 2003;44(10):1927–39.

41. Campbell JK, Engelmann NJ, Lila MA, Erdman JW. Phytoene, phytofluene,
and lycopene from tomato powder differentially accumulate in tissues of male
Fisher 344 rats. Nutr Res 2007;27(12):794–801.

42. Riso P, Brusamolino A, Contino D, Martini D, Vendrame S, Del Bo’ C,
Porrini M. Lycopene absorption in humans after the intake of two different
single-dose lycopene formulations. Pharmacol Res 2010;62(4):318–21.

CURRENT DEVELOPMENTS IN NUTRITION


