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Abstract: Vitamins and carotenoids are organic compounds that are important for vital functions of the human organism. Since the human
body is not able to synthesize most of these micronutrients, they need to be supplied by the intake of food or supplements. The aim of this
study was to analyze whether a whole food based, encapsulated fruit, berry, and vegetable juice powder concentrate provides bioavailable
carotenoids and vitamins A (all-trans retinol), E and C. Eighteen healthy subjects received 6 capsules a day for 8 weeks, which provided 2.91 mg
β-carotene, 490 μg vitamin A, 18.7 mg vitamin E, 159 mg vitamin C, 6.1 mg lutein and 1 mg lycopene. Plasma concentrations of several
carotenoids and vitamins before and after supplementation were measured. After 8 weeks of supplementation, the plasma concentration of
the following carotenoids increased significantly: α-carotene increased from 59.6 ± 22.4 nmol/L to 85.7 ± 24.2 nmol/L (p = 0.002), β-
cryptoxanthin from 106.7 ± 39.8 nmol/L to 151.9 ± 57.9 nmol/L (p = 0.017), and lycopene from 1.2 ± 0.5 μmol/L to 1.7 ± 0.5 μmol/L (p = 0.005).
Significant increases were also observed for plasma concentrations of vitamin C from 70 ± 20 μmol/L to 90 ± 10 μmol/L (p < 0.001), all-trans
retinol from 1.99 ± 0.24 μmol/L to 2.30 ± 0.66 μmol/L (p = 0.015), and α-tocopherol from 27 ± 6 μmol/L to 32 ± 6 μmol/L (p = 0.008). For those
micronutrients with accepted plasma reference ranges, all observed increases levelled off around the upper limit of the individual reference
range. The data demonstrate that the investigated supplement is able to increase plasma concentrations of certain carotenoids and vitamins
of healthy subjects within 8 weeks.
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Introduction

Fruits and vegetables are significant sources for our daily
supply of vitamins, minerals, fibers, antioxidants, and phy-
tonutrients. National and international nutrition societies
recommend a daily intake of at least 400 g (equivalent to
5 portions) of fruits and vegetables per day [1–4]. The Die-
taryGuidelines ofAmerica recommend2.5 cup-equivalents
of vegetable and 2 cup-equivalents of fruits per day [5].
Many nutrition surveys show that these goals are not met
as the mean intakes of fruit and vegetables are below rec-
ommendations [4–6].

Micronutrients such as some carotenoids and vitamins
(i.e. vitamins C and E) exert antioxidant, anti-inflammatory,

anti-microbial, anti-thrombotic and/or anti-cancerogenic
effects. In addition, evidence fromprevious studies support
that they may also modulate blood pressure, blood lipids,
insulin metabolism and the microbiome. [7–12]. Vitamins
are essential nutrients that are involved in various impor-
tant processes of the human metabolism and are vital for
the normal functioning of the body. [13]. They promote
growth regulation, the development and protection of
cells and tissues, are crucial for the immune system and
for maintaining vision, play an important role in vascular
function, the physiology of the nervous system, and
sincea fewof themarehavingantioxidativeproperties, they
are important for the maintenance of the redox balance
[14–16].
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Low intake of fruits and vegetables is among the top ten
risk factors for global mortality correlated with the
incidence of about one fifth of gastrointestinal cancers,
one third of ischemic heart diseases and about one tenth
of strokes [17].

Since many people are unable to meet the intake of the
recommended amounts of fruits and vegetables, they try
to find alternative solutions to cover their micronutrients
needs, e.g. via vitamin- and/or phytonutrient supplements
or – as investigated in this study – via supplementation
with powdered fruit and vegetable juice concentrates.
Although such whole food-based supplements cannot
replace the intake of real fruits and vegetables, there is
some evidence to support that they can close the micronu-
trients’ gaps [18–21].

Previous studies assessing the effectiveness of the same
encapsulated fruit, vegetable and berry (FVB) juice powder
concentrate as the one used in our study, reported benefi-
cial effects against oxidative stress and low-grade inflam-
mation, and a support of vascular health and stabilization
of the immune system [18, 19, 21–32]. Many of the reported
benefits may be attributed to the variety of phytonutrients,
vitamins and minerals from more than 30 different fruits,
berries and vegetables, found on this product. However,
hypotheses on the health benefits can only be verified if
absorption of the micronutrients is warranted. A few
absorption and bioavailability studies on vitamin C,
tocopherols and some carotenoids were previously con-
ducted, indicating that plasma concentrations of these
micronutrients were increased after intake of this whole-
food based supplement [33, 34]. Nevertheless, up to date
a more comprehensive investigation regarding the
absorption and bioavailability of several carotenoids
together with vitamins C, E, and A after intake of this
commercially available product is lacking.

Therefore, the aim of this study was to determine a pos-
sible increase in circulating carotenoids and levels of vita-
mins C, E, and A, following an 8-week FVB juice powder
concentrate supplementation.

Methods

Study Design and Description
of Intervention

This was a single arm, open-labelled, clinical study, investi-
gating whether the intake of an FVB juice powder concen-
trate (Juice Plus+� Premium, The Juice Plus+� Company,
Memphis, Tennessee) could increase plasma concentra-
tions of circulating vitamins and micronutrients.

Participants were asked to ingest 6 FVB capsules per day,
3 in themorning and 3 in the evening with ad libitumwater,

for 8weeks. The juice powder concentrate derived from the
following 36 fruits, vegetables, and berries: concord grape,
blueberry, cranberry, blackberry, bilberry, raspberry,
redcurrant, blackcurrant, elderberry, green tea, ginger root,
grape seed, artichoke leaf, cocoa, pomegranate, apple,
orange, pineapple, cranberry, peach, acerola cherry,
papaya, beet root, date, prune, carrot, parsley, beet, kale,
broccoli, cabbage, tomato, spinach, sugar beet, garlic, as
well as oat and rice bran. A daily supply of 6 capsules
provided 2.91mg/4850 IU, β-carotene, 490 μg vitamin A,
18.7 mg/28 IU vitamin E, 159 mg vitamin C, 6.1 mg lutein
and 1mg lycopene.

In order to maximize compliance, participants were
reminded biweekly via telephone calls and/or emails to
continue taking their capsules. Participantswere also asked
to return any remaining/non-consumed capsules, on their
last study visit.

Recruitment of Participants
and Trial Setting

Participantswere eligible if theymet the following inclusion
criteria: aged 20-50 years, non-smokers, BMI > 20 and <30
kg/m2, no use of medication, premenopausal, normal die-
tary habits (no specific diets, meals, food components
etc.), and willing to adhere to a 4-week wash-out period
prior to their first studyvisit. Subjects notmeeting the afore-
mentioned inclusion criteria, those consuming >4 servings
of fruitsandvegetablesperday,withanykindof foodallergy
or histamine intolerance, trained subjects (> 5 training
units/week), women with menstrual dysfunctions, preg-
nant women and alcoholics were excluded from the study.

Participantswere recruited fromtheGraz region,Austria,
either by word ofmouth or by replying to advertisingmate-
rial (i.e. flyers). The studywas announcedat the universities
in Graz and through the Greenbeat Institute (CRO). Study
visits were conducted at the Otto Loewi Research Center,
Division of Immunology and Pathophysiology of the
Medical University of Graz.

All subjects provided written informed consent prior to
participating in this investigation.This studywasconducted
according to the guidelines of the Declaration of Helsinki
for Research on Human Subjects 1989 and was approved
by the Ethical ReviewCommittee of theMedical University
of Graz, Austria. The trial was registered under www.
clinicaltrials.gov, identifier: NCT02587468.

Study Visits and Time Schedule

Participants expressing interest to take part in the study,
were initially interviewed in order to check their eligibility,
based on the inclusion and exclusion criteria. Those
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deemed eligible were enrolled in the study. Prior to the
baseline visit, participants had to adhere to a 4-week
wash-out period; thus, the intakeof dietetic foods, food sup-
plements, and nutraceuticals 4 weeks prior and during the
study was not allowed. After an overnight fast, subjects
came to the laboratory for the baseline blood sample collec-
tion to evaluate circulating vitamins and carotenoids. This
procedure was repeated after 8 weeks of supplementation.
Female participants visited the study site between the fifth
and the tenth day after their menstrual cycle, in order to
account for any effect of themenstrual cycle on the absorp-
tion of vitamins and carotenoids investigated.

Dietary Assessment

Subjects were instructed to maintain their habitual diet
throughout the intervention time. They were also asked to
record their diet (types of foods and drinks and amounts
consumed) for the last 3 days prior to the two study visits,
in order to ensure intra-individual standardization of the
diet. Dietary intakes and recordings were supervised and
reviewed by a registered dietitian.

Blood Sampling

Venous blood samples were collected in K3EDTA tubes
(Greiner Bio-OneGmbH,Kremsmünster, Austria) for anal-
ysis of vitamins A and E and carotenoids, and in lithium/
heparin tubes (Greiner Bio-One GmbH, Kremsmünster,
Austria) for analysis of vitamin C.

In addition, venous blood for standard clinical biochem-
istry analyseswas drawn. Anticoagulated bloodwas treated
immediately after sampling and centrifuged at 1400 g for
ten minutes to separate the plasma. Plasma supernatants,
were frozen at –80 �C until analysis in the laboratory of
the study site. Blood samples for the clinical chemistry anal-
yses were transported immediately after collection to
another collaborating lab for analysis.

Analytical Methods

Concentrations of vitamin A (all-trans retinol), vitamin E
(α-tocopherol) and vitamin C were measured by reversed-
phase high-performance liquid chromatography (HPLC)
(RECIPE ClinRep� Complete Kit, Munich, Germany). For
analysis of vitamins A and E, samples were treated as
follows: 150 μL plasma was added to 150 μL precipitant
containing the internal standard. After centrifuging, 100 μL
of the supernatant was added to 100 μL of the stabilizing
reagent. After further centrifugation, 50 μL of the super-
natant was injected into the HPLC-system. For vitamin C
analysis, 100 μL plasma was added to 100 μL of the
precipitant which contained the internal standard. After

10 minutes incubation at 4 �C the sample was centrifuged
and 20 μL of the supernatant was injected into the HPLC-
system. Separation and analysis were done on the JASCO�

(Vienna, Austria) HPLC system with UV detector at the
appropriate wavelength (for vitamins A and E: 325 nm and
295 nm, respectively; for vitamin C: 243 nm). Quantifica-
tion was done by internal standardmethod and calibration.

Carotenoids from EDTA-plasma were extracted
with the ClinRep� kit for β-carotene in plasma (RECIPE
CHEMICALS + INSTRUMENTS GmbH, Munich,
Germany) according to the manufacture’s protocol. For
precipitation, 100 μl of the sample was added to 200 μl
precipitant which contained the internal standard and
100 μl stabilizing reagent. After vortexing and centrifuging,
100 μl of the supernatant was injected into the HPLC-
system. Additionally to all-trans-β-carotene, external
standard curves were done for quantification of α-carotene
(50887, Sigma Aldrich, Vienna, Austria), β-cryptoxanthin
(55, Carote Nature, Münsingen, Switzerland), lutein
(89723, Phytolab, Vestenbergsgreuth, Germany), and all-
trans-lycopene (75051, Sigma Aldrich, Vienna, Austria).
All standards (�1mg) were first dissolved in 2mL dichlor-
omethane containing 0.1% butylated hydroxytoluene
(BHT, Carl Roth, Karlsruhe, Germany) and then in n-
hexane (HPLC grade, Carl Roth, Karlsruhe, Germany) up
to 10 mL for stock solutions. Further dilutions were made
in mobile phase. Concentration of each standard was
checked photometrically with SPECTROstar� Nano
(BMGLabtech,Ortenberg, Germany) at450nmand calcu-
lated with the suitable extinction coefficient [35]. The
range of the standard curves was 15 μg/L to 400 μg/L for
α-carotene, 5 μg/L to 300 μg/L for β-cryptoxanthin, 50
μg/L to 1000 μg/L for lutein, 300 μg/L to 1500 μg/L for
lycopene. All carotenoids were separated chromatographi-
cally within the kit-containing column and mobile phase
with subsequent UV-detection at 450 nm. Lutein and zeax-
anthin are structural isomers and co-elute. Due to the fact
that the amount of lutein is much higher than zeaxanthin
[36], only lutein was used as standard for quantification.
Nevertheless, the results are indicated as lutein/zeaxan-
thin. The standard curves were checked for accuracy with
the NIST 968e (National institute of standard and technol-
ogy, Gaithersburg, USA).

Clinical chemistry analysis including lipids, minerals,
and markers of hepatic and renal function at baseline and
after 8 weeks, was performed by standard equipment
(Architect ci8200; Abbott Diagnostics, Illinois, USA).

Sample Size Calculation and Statistical
Analyses

Data fromprevious studies onvitamins absorption from the
FVB juice powder concentrate [33, 34], demonstrated that
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16 subjects are enough to identify significant changes in
plasma concentrations of α-tocopherol, vitamin C and
β-carotene. Considering a drop out rate of 20% over
8 weeks, 20 healthy subjects were recruited.

Statistical analyses were conducted using the SPSS for
Windows software (version 19.0). Data are presented as
mean ± sd (standard deviation) with statistical significance
set at p <0.05. The Shapiro-Wilk testwasused todetermine
normal distribution. The Levene test was used for variance
homogeneity.

Baseline characteristics (age, gender, weight, BMI etc.)
anddietarydatawere analyzed anddepicted via descriptive
statistics. Vitamin, carotenoid and clinical chemistry data
were compared by paired t-test for independent data.
Gender comparisons were checked by ANOVA (Analysis
of variance).

Results

Study Population, Clinical Chemistry
and Compliance

A CONSORT diagram outlining subjects’ recruitment is
depicted in Figure 1. Twenty participants (11 females,
9 males) were recruited and 18 (9 females, 9 males) com-
pleted the study. Data from the two participants not com-
pleting the study, were excluded from analysis. Reasons
for not completing were: reported itching and slight rashes
in one case, thus participation in the study was terminated
early, and no attendance to the 2nd blood sampling due to
illness unrelated to the intervention, on the second case.

Subjects characteristics are presented in Table 1. No
differences in age, weight and BMIwere observed between
the baseline and 8 week follow-up visit. Clinical parame-
ters including HDL and LDL cholesterol, cholesterol, fast-
ing blood glucose, glutamate-oxaloacetate-transaminase,
glutamate-pyruvate-transaminase, ferritin, sodium, potas-
sium, calcium, iron, chloride, creatinine, uric acid, vitamin
D3, and thyroid stimulating hormone also did not differ
between the baseline and 8week visit (p >0.1). Supplemen-
tation had no effect on markers of hepatic and renal func-
tion, and markers of thyroid function (p > 0.1). Returned
capsules count following completion of study visits,
revealed a compliance of >85%.

Micronutrients and Carotenoid
Concentrations

Changes invitaminandcarotenoidconcentrationsbetween
the baseline and 8 week visit are presented in Figure 2.
There was a statistically significant increase for vitamin E

(a) (27 ± 6 vs 32 ± 6 μmol/L; p = 0.008), vitamin A
(b) (1.99 ± 0.24 vs 2.30 ± 0.66 μmol/L; p = 0.015), vitamin
C (c) (70 ± 20 vs 90 ± 10 μmol/L; p < 0.001), α-carotene
(d) (59.6 ± 22.4 vs 85.7 ± 24.2 nmol/L; p = 0.002),
β-cryptoxanthin (e) (106.7 ± 39.8 vs 151.9 ± 57.9 nmol/L;
p = 0.017) and lycopene (f) (1.2 ± 0.5 vs 1.7 ± 0.5 μmol/L;
p = 0.005) between the two visits. No differences between
genders were observed for vitamins E and C, α-carotene,
β-cryptoxanthin and lycopene (p > 0.1). There was a differ-
ence between genders observed for the increase in vitamin
A between the two visits (1.99 ± 0.28 vs 2.55 ± 0.91 μmol/L
for males and 1.99 ± 0.28 vs 2.09 ± 0.24 μmol/L for
females) but the difference was not statistically significant
(p = 0.068). β-carotene levels (g) also increased between
the baseline and follow-up visit (1.0 ± 0.6 μmol/L vs 1.5 ±
0.8 μmol/L) but results did not reach significance (p =
0.053). No differences on β-carotene were observed
between genders (p > 0.1). There was a slight decrease on
lutein/zeaxanthin levels (h) between the baseline and
8 week visit (703.3 ± 313.4 vs 644.4 ± 360.5 nmol/L), but
not significant (p > 0.1), and no differences between
genders were observed.

Discussion

In this study, we assessed the possible increase in circulat-
ing carotenoids and levels of vitaminsC, E, andA, following
an 8week FVB juice powder concentrate supplementation.
We included subjects consuming less than 4 servings of
fruits and vegetables per day since the majority of the
population in western countries does not meet the daily
recommendations of fruits and vegetables intake [4–6].
In addition, we expect low fruit and vegetables consumers
to benefit more from the intake of such a supplement.

Several studies in the past assessed the micronutrient
effects of this FVB supplement, in different cohorts
[18, 19, 22–34, 37–50]. In order to provide a solid base for
explanations on thebioefficacyof this juice powder concen-
trate, it is necessary to explore whether the hypothesized
health benefitingmicronutrients of the product are a) actu-
ally found in the product (qualitatively and quantitatively),
and b) absorbed into the bloodstream. In a recent study by
Bresciani et al. [50], itwas found thatmore than 100pheno-
lic compounds were contained in the FVB supplement and
estimated a polyphenol concentration of more than 100
mg per gram powder. The same research group, had previ-
ously identified and quantified a total of 20 (poly)phenolic
metabolites with effective absorption rates [20].

One study measured the absorption of several carote-
noids and vitamin E and found a significant increase in
β-carotene after 8 weeks of FVB supplementation in a
cohort ofoverweightwomen,butno change inα-tocopherol
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[21]. In our study, we observed a significant increase in
plasma vitamin E (α-tocopherol) concentration. Although
we cannot be certain for these conflicting results, one
possible explanation might be the difference in subjects’
characteristics between the two cohorts; in our study we
included normal weight males and females, while William
et al. [21], included overweight women. Previous studies,
reported negative correlations between serum vitamin E
and anthropometric parameters like weight, waist and hip
circumference, and bodymass index (BMI) [51, 52]. Never-
theless, the supplementation inour studydidnot exceed the
physiological plasma reference values of α-tocopherol
(11-37 μmol/L, [53]).

In our study, β-carotene levels increased following
supplementation, and even though results did not reach
significance, the increase was still remarkable and of phys-
iological relevance. Themain reason for the slightlymissed
significance,maybedue to ahigh interindividual variability
in β-carotene absorption and/or conversion to vitamin A
[54, 55]. Nonetheless, the � 50% increase we observed in
β-carotene levels after supplementation, is in itsmagnitude
comparable to the observation by Wang et al. [56], who
evaluated β-carotene levels following a 4 week diet rich in
carotenoids. Although, our subjects had 2- 4-fold higher
values than the subjects in the Wang-study, the observed

increase in β-carotene remained within the reference
values for healthy subjects (0.04-2.26 μmol/L, [53]).

We observed a significant increase in circulating retinol
after 8 weeks of supplementation. However, sub analysis
of data showed that men and women reacted differently
to supplementation. Whereas no significant increase
occurred for women, the observed significance was driven
by the male data. Differences in retinol concentra-
tions between genders were also observed in the past.
Garry et al. [57], as well as Hallfrisch et al. [58], observed
differences in retinol concentrations between men and
women of different ages. They proposed age- and choles-
terol-related mechanisms responsible for the differences,
and gender-differences in nutritional habits for retinol
intake. However, we did not observe differences in choles-
terol levels or nutritional habits between genders in the
20- to 50-year-old volunteers of our study. Hormone
metabolism could potentially have contributed to this
observed gender-difference or a generic higher intake of
this vitamin in the habitual diet of our cohort. At baseline,
retinol levels for both genders were already above the
reference range (0.7-1.7 μmol/L [53]), and especially the
women in our investigation had higher plasma retinol
levels, compared to previously reported values [57, 58],
indicating a high intake of this vitamin through the habitual
diet.

Our findings regarding the significant increase of
α-carotene plasma concentrations following supplementa-
tion, are in agreement with findings of previously reported
studies [56, 59], and participants’ concentrations were
within the normal reference range (0.02–0.47 μmol/L,
[53]).

We observed a decrease on mean values for lutein/
zeaxanthin after 8 weeks not meeting statistical signifi-
cance, even though the subjects did not change their diet
during the study or prior to the second blood collection.
Although, it has previously been reported that xantophylls
are better absorbed compared to carotenes [60], this is
not in line with our findings. We propose that a too short
wash out period may have led to this observation. Further-
more, it is noteworthy to mention that our subjects had
3-fold higher baseline lutein/zeaxanthin values compared
to the concentrations previously reported by Wang et al.
[56] in a small US-group (United States) of healthy subjects
and AMD (age related macular degeneration) patients.
In addition, other studies observed 2- to 3-fold lower
baseline values of lutein/zeaxanthin in healthy adults
[61–64]. We thus hypothesize, that the nutritional intake
of lutein/zeaxanthin of our subjects via their habitual diet
was probably higher than that of the subjects of the cited
studies. Moreover, in the study by Wang et al. [56],
participants received a diet rich in lutein/zeaxanthin,

n = 18
Completed study program

n = 20
Passed eligibility

n = 20
Checked for eligibility

n = 56
Preselection via

telephone screening

n = 2a,b

Dataset not completed and
excluded from statistical

analyses

Figure 1. CONSORT diagram; a) n = 1: termination due to an adverse
event; b) n = 1: no appearance to 2nd blood sampling due to illness
(unrelated to intervention).
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providing� 11mg/d lutein over 12weeks, which increased
their levels similar to the baseline values of our cohort.With
certainty, it ismore challenging to increase plasma concen-
tration of a certain micronutrient with a quite low-dosed
food supplement (i.e. 6.1 mg/d of lutein/zeaxanthin over
8weeks in theproductweused inour study)when the inves-
tigated subjects are already well-nourished with these
compounds, compared to a group with lower levels.

The increase we observed in β-cryptoxanthin demon-
strates the effective absorption of this xanthophyll from
the FVB supplement. Interestingly, after 8weeks of supple-
mentation the Austrian cohortmatched the baseline values
found in Wang’s US-group [56]. Although a significant
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Table 1. Subjects’ characteristics, clinical chemistry of 18 subjects

Variable SI Reference
Intervals

Value
(mean and SD)

Age, f (yrs) 32.9 ± 9.1

Age, m (yrs) 34.3 ± 9.9

Age, all (yrs) 33.8 ± 10.0

Height, f (m) 1.73 ± 0.09

Height, m (m) 1.74 ± 0.09

Height, all (m) 1.74 ± 0.07

Weight, f (kg) 67.4 ± 9.7

Weight, m (kg) 71.9 ± 11.7

Weight, all (kg) 69.8 ± 11.4

BMI, f (kg/m2) 23.1 ± 3.2

BMI, m (kg/m2) 23.2 ± 3.1

BMI, all (kg/m2) 23.2 ± 3.0

Clinical Chemistry:

Cholesterol (mmol/L) <5.20 5.05 ± 0.91

HDL-Chol (mmol/L) 1.30–4.90 1.49 ± 0.31

LDL-Chol (mmol/L) 1.30–4.90 2.96 ± 0.95

LDL/HDL ratio 2.1 ± 0.6

Chol/HDL ratio 3.5 ± 0.7

Triglycerides (mmol/L) <1.80 1.30 ± 0.50

Glucose (mmol/L) 3.9–6.1 5.2 ± 0.4

AST (liver) (μkat/L) 0–0.58 0.31 ± 0.06

ALT (liver) (μkat/L) 0–0.58 0.36 ± 0.15

Ferritin (μg/L) 18–300 80 ± 80

Sodium (mmol/L) 135–147 139 ± 2

Potassium (mmol/L) 3.5–5.0 4.3 ± 0.3

Calcium (mmol/L) 2.2–2.58 2.4 ± 0.1

Iron (μmol/L) 14–32 (m), 11–29 (f) 17 ± 7

Chloride (mmol/L) 95–105 105 ± 2

Creatinin (μmol/L) 10–40 (m), 30–70 (f) 60 ± 10

Uric acid (μmol/L) 120–420 280 ± 70

Vitamin D3 (nmol/L) 45–90 60 ± 17

TSH (thyroidea) (mU/L) 2–11 2 ± 1

Data are expressed as mean ± sd; m = male, f = female, BMI = Body mass
index, HDL = High-density lipoprotein, LDL = Low-density lipoprotein, Chol
= Cholesterol, AST = Aspartate transaminase, ALT = Alanine transaminase,
TSH = Thyroid-stimulating hormone
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increase in β-cryptoxanthin was observed in this study, the
US-colleagues reported plasma values almost twice as high
after 3 weeks of a carotenoid rich diet.

The increase in lycopene we observed in our study, also
demonstrates the effective absorption of this carotenoid
from the FVB supplement provided. As no reference range
for plasma lycopene exists (similarly for lutein, zeaxanthin
and β-cryptoxanthin), we compared our values, to values
reported inother studies.Our cohort, had3- to4-foldhigher
baseline plasma concentrations compared to values
reported in the studies by Wang et al. [56] and Hadley
et al. [65]. We propose again that the observed concentra-
tion differences of this carotenoidmay be due to the higher
intake via our subjects’ nutrition.

These comparisons on β-cryptoxanthin, lutein/
zeaxanthin, lycopene, and β-carotene demonstrate that
different carotenoid concentrations in humans can occur
and show that differences might be influenced by dietary
habits, the amount of carotenoids consumed and the
possible interactions with each other during intestinal
absorption, genetic and host-related factors, as well as
geographical regions [66].

After 8 weeks of supplementation, vitamin C plasma
concentration of our subjects, significantly increased. As
the subjects already had a good vitamin C level at baseline,
the plasma concentration slightly exceeded the reference
range due to supplementation (50–80 μmol/L, [53]).

Limitations of the Study

First, this was a single-arm, open-labelled study, without
blinding and control group or placebo use, and therefore
we lack of some comparisons. Nevertheless, it was a
controlled clinical trial, and the design and power were
appropriate enough to proof the hypotheses on absorption
of several micronutrients. Future studies should proof
comparisons to control or placebo groups.

Second, the nutritional habits of our volunteers were not
fully evaluated. We asked participants to keep a food diary
for 3 days prior to the blood drawings and also to try and
replicate their diets before each visit. The food diaries were
reviewed for fruit and vegetable intake and also to ensure
that dietary patterns were maintained. However, dietary
records of longer duration and analysis with a dietary
analysis software, could potentially have helped us to
discuss a few tangible rationales, especially for theobserved
differences in some micronutrients between our study
participants and those of other comparable clinical trials.

Finally, there is some indication that the 4 weeks wash-
out period was not long enough for the assessment of some

carotenoids like lutein and zeaxanthin. Thus, we suggest a
longer wash-out period for future studies investigating the
absorption and/or bioavailability of these carotenoids.

Conclusion

Our study demonstrates that an 8-week supplementation
with an encapsulated FVB juice powder concentrate, is able
to increase almost all investigated carotenoid and vitamin
concentrations (except lutein/zeaxanthin) in plasma of
well-nourished, healthy subjects, with an intake of fruits
and vegetables below recommendations.
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