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Diets rich in fruits and vegetables (FV) have been associated with a reduced risk of chronic disease, including

cardiovascular disease. Unfortunately, public health campaigns to increase FV intake have had limited success. A

number of mixed concentrated FV products have been studied, which may help certain individuals improve

nutrient status. However, the possible health benefits of FV supplements have not been systematically reviewed.

We, therefore, undertook a systematic search of MEDLINE and EMBASE to identify clinical interventions that

examined the effect of commercially available concentrated mixed FV supplements on cardiovascular disease risk

factors. Twenty-two reports, which used commercially available products, were identified. None of the studies

reported any serious adverse effects. Overall, daily consumption of FV supplements significantly increased serum

concentrations of the major antioxidant provitamins and vitamins found in plant foods (b-carotene, vitamins C

and E) and folate. Functional changes, such as reduced serum homocysteine and markers of protein, lipid, and

DNA oxidation, were also reported; in addition, the health advantages on markers of inflammation, immunity, and

endothelial function are promising. Limitations of the available studies were related to the diversity of studies

conducted with respect to design and study population and the variability in the measured outcomes and assays

utilized. While mixed FV supplements may serve as an efficacious complement for individuals who have

difficulty achieving their daily FV intake requirement, further research on additional retail preparations is

warranted.

Key teaching points:

� Mixed fruit and vegetable supplements produced from plant foods may serve as an efficacious complement to the habitual diet in

individuals who have suboptimal intake or variety of nutrient-dense fruits and vegetables.

� Current research indicates that fruit and vegetable concentrates significantly increase serum levels of antioxidant provitamins and

vitamins (b-carotene, vitamins C and E) and folate and reduce homocysteine and markers of oxidative stress.

� Mechanistic studies and larger, randomized, placebo-controlled double-blind trials in both healthy and high-risk populations are

necessary to better understand the health effects of these supplements.
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INTRODUCTION

Increased consumption of fruits and vegetables (FV) has

been associated with a reduced risk of many chronic diseases

[1,2]. While it has been argued that the risk-reducing effects of

FV stem from the displacement of unhealthy foods in the diet,

ample evidence suggests that FV contain a number of bioactive

components (vitamins, sterols, phenolic compounds, and fiber)

that may protect against various diseases independently [3–6].

However, despite these health benefits and numerous public

health campaigns to increase FV consumption, the vast

majority of individuals do not meet intake levels set by

national guidelines [7–9]. A variety of practical alternatives

have been developed to help individuals improve their intake of

FV and dietary bioactive compounds. One category includes

concentrates prepared from mixed FV. These products may be

effective complements to the intake of FV, as it has been

argued that a well-balanced mixture of vitamins, minerals, and

other bioactive compounds, rather than supplementation with

one or a few, may lead to additive and synergistic interactions

that result in health benefits [10,11]. A number of clinical

studies have examined the effects of commercially available

mixed FV products on various health outcomes. However, a

systematic review of this literature has not been undertaken.

STUDY DESCRIPTION

To perform a systematic review of studies that have utilized

various approaches to increase dietary bioactive intake via

concentrated FV products, we searched the MEDLINE (1950–

2010) and EMBASE (1980–2010) databases using the search

terms ‘‘fruit’’ AND ‘‘vegetable’’ AND/OR ‘‘concentrate,’’

‘‘extract,’’ ‘‘powder,’’ ‘‘capsule,’’ and ‘‘supplement.’’ Search

limits were set for studies in English and human interventions.

Clinical dietary interventions using commercially available

mixed FV supplements were the only studies included.

Reviews; letters to editors; rebuttals; observational, animal,

and in vitro analyses; and other clinical interventions that did

not comply with the aforementioned inclusion criteria were

excluded.

Our search yielded 22 full reports [12–33] (18 trials) (Table

1). These studies examined a total of 1363 adults with

observation periods ranging from 7 days to 24 months. Of

the 18 trials, 12 (14 reports) were placebo-controlled [15–

18,20–22,25,26,29–33]. Of these, eight (10 reports) had a

parallel design [15,17,21,22,26,29–33], and the remainder were

randomized crossover studies. Thirteen trials contained only

healthy participants, one (two reports) included healthy elderly

patients [13,14], one study used overweight but otherwise

healthy subjects [18], one included prehypertensive and

hypertensive patients [27], one included healthy nonsmokers

and light smokers [28], and one trial (two reports) used a

combination of healthy and human immunodeficiency virus

(HIV)–positive participants [23,24]. In all of the trials, subjects

were instructed to follow their habitual ad libitum diets.

However, only about half of the trials analyzed the dietary

intake of the participants [16,17,20–25,29–31,33].

Two types of mixed FV supplements were identified. The

first was a FV or FVB (FV concentrate including berry

concentrate) capsule (Juice Plusþ; NSA, Collierville, TN),

which was used in 17 trials (20 reports) [12–22,25–33]. These

capsules were derived through a proprietary method and

consisted of blended FV juice powder concentrate (Table 2).

The dosage of this product in the identified trials ranged from

two to six capsules per day (Table 1). The second product was

a liquid FV concentrate (Cellagon Aurum; H.G. Berner GmbH,

Altenholz, Germany), which was used in one trial (two reports)

[23,24]. This product is a viscous liquid concentrate made from

pressed juices from a variety of FVs (Table 2). The prescribed

dosage of the FV liquid concentrate was 30 mL per day. The

micronutrient composition of the supplements is summarized in

Table 3.

EVALUATION OF OUTCOME
MEASURES

For this systematic review, we examined the effect of FV

concentrates on known and emerging health-associated risk

factors, which included markers of oxidative stress, endothelial

function, inflammation, and immune function. We also

examined the bioavailability of these supplements by looking

at their impact on serum phytonutrients, antioxidant vitamins,

folate, and homocysteine concentrations.

Serum Antioxidant Concentrations

Free radical–induced oxidative damage to lipids, proteins,

and DNA has been linked to a number of chronic diseases [34].

Therefore, strengthening the free radical defense system

through dietary antioxidants, such as carotenoids and vitamins

C and E, may be of importance. Eleven trials (13 reports) [12–

14,16–19,21,22,25–27,31] published between 1996 and 2010

examined the bioavailability of antioxidants administered in the

form of FV capsules (Table 4).

The FV concentrates provided significant amounts of folate,

vitamins E and C, and b-carotene, and the doses used in most

studies would have met the dietary reference intake (DRI) for

these nutrients. As such, it is not surprising that, in the majority

of studies, significant increases in serum levels of these

vitamins were reported for the FV concentrate group in

comparison to baseline or placebo. Significant increases in

vitamin E were found in 10 of 12 reports. Significant increases

in vitamin C were found in seven of nine reports, and for b-

carotene, all 11 reports found significant increases. Two reports

on the same cohort [21,22] showed conflicting findings for
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vitamins C and E. Whereas Bloomer et al. [21] reported no

improvements in levels of vitamins C and E compared to

baseline, Goldfarb et al. [22], who separated the data based on

gender and measured between-treatment effects, showed that

the FV capsules increased serum vitamin C levels in

comparison to placebo and improved serum vitamin E levels

in men but not in women. The study of Smith et al., which also

reported no improvements in vitamin E levels [14], included a

subgroup (n¼ 20) from the study by Inserra et al. (n¼53) [13].

The lack of effect may, therefore, be a result of insufficient

statistical power to detect a change. Finally, the study by

Houston et al. [27] showed a nonsignificant increase in vitamin

C levels (p ¼ 0.097). However, since the prehypertensive

subjects had much higher serum vitamin C levels in

comparison to the hypertensive subjects at baseline (776 6

216 lmol/L versus 640 6 177 lmol/L), the pooling of results

may have confounded the overall impact of the capsules on

vitamin C status.

In addition to their beneficial effect on serum concentrations

of vitamins E and C and b-carotene, in comparison to baseline

or placebo, the FV capsules significantly increased serum

retinol in two of three reports and lycopene in four of five

reports (Table 4). Furthermore, when the data from the three

placebo-controlled trials that assessed serum lycopene

[17,25,26] were pooled using Review Manager (RevMan), a

trend toward increased serum lycopene concentrations with an

effect size of 0.34 (95% confidence interval�0.05 to 0.72; p¼

0.09) was found [35]. It is worth noting that the studies did not

control for lycopene intake in the background diet, which may

explain the nonsignificant increase.

The effect of the FV capsules on serum concentrations of

other carotenoids, including a-carotene, b-cryptoxanthin,

lutein, and zeaxanthin, was also assessed in some trials (Table

4). The FV capsules were found to increase serum concentra-

tions of a-carotene in three of five reports and to increase

lutein/zeaxanthin concentrations in three of the six reports in

which these carotenoids were measured. None of the four

reports in which it was assessed found a significant increase in

b-cryptoxanthin.

A number of assays have been developed to assess the

antioxidant potential of plasma, including total plasma

antioxidant capacity, trolox-equivalent antioxidant capacity

(TEAC), oxygen radical absorbance capacity (ORAC), and

ferric-reducing ability of plasma (FRAP). Four trials

[23,25,26,28] assessed the effect of FV concentrates on at

least one of these markers (Table 4). Nantz et al. [26] found

that FV concentrates significantly increased plasma ORAC

after both 35 and 77 days of supplementation. Arendt et al. [23]

found that the liquid FV concentrate significantly increased

Table 2. Fruit and Vegetable Composition of the Products

Capsules� Liquids�§

Fruit Apple Acerola cherry

Acerola cherry Bilberry

Cranberry Currant

Orange Elderberry

Papaya Hawthorn

Peach Lemon

Pineapple Orange

Passion fruit

Schizandra fruit

Vegetable Beet Artichoke

Broccoli Beet

Cabbage Broccoli

Carrot Carrots

Kale Celery

Parsley Jerusalem artichoke

Spinach Kale

Tomato Onion

Oat bran Pumpkin

Rice bran Tomato

Berry Bilberry

Blackberry

Blueberry

Cranberry

Elderberry

Raspberry

Red currant

Black currant

Concord grape

� Juice Plusþ (NSA, Collierville, TN); list extracted from www.juiceplus.com.
� Cellagon Aurum (H.G. Berner GmbH, Altenholz, Germany); values extracted

from Winkler et al. [24].
§ In addition to fruits and vegetables, these products contained herbs, plant oils,

and vitamins.

Table 3. Declared Micronutrient Composition of the Supplements

Nutrient

Capsule�

FV Liquid� DRI§Fruit Vegetable Berry

Vitamin E (mg) 7 (47) 8 (53) 21 (140) 16 (107) 15

Vitamin C (mg) 96 (106) 21 (23) 21 (23) 150 (167) 90

Folate (lg) 70 (17.5) 140 (35) 180 (45) - 400

b-carotene (mg) 1.65 (15) 2.1 (19) - 5 (46) 10.8

Values in parentheses represent the percentage of Dietary Reference Intake (DRI).
� Juice Plusþ (NSA; Collierville, TN, USA); values represent amount per capsule and have been modified from Jin et al. [31].
� Cellagon Aurum (H.G. Berner GmbH, Altenholz, Germany); values represent amount per 15 mL of the concentrate and have been modified from Winkler et al. [24].
§ DRI for adult men (generally for the 19–50 age group). Taken from the National Academies Press report on DRI at http://www.nap.edu/.
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Table 4. The Effects of Supplements on Serum Antioxidant Levels

Authors (Year) Vitamin E Vitamin C

Carotenoids

Retinol

Antioxidant

Capacitya-Carotene b-Carotene Lycopene

b-Crypto-

xanthin

Lutein/

Zeaxanthin

Arendt et al. (2001) [23] - - - - - - - - "**

Bamonti et al. (2006) [28] - - - - - - - - $

Bloomer et al. (2006)a [21] $ $ - - - - - - -

Goldfarb et al. (2007)a [22] " " - - - - - - -

Houston et al. (2007) [27] " $ - " - - - - -

Inserra et al. (1999)b [13] " - " " " $ " - -

Jin et al. (2010) [31] " " - " - - - - -

Kawashima et al. (2007) [17] " " $ " " $ $ "
* -

Kiefer et al. (2004) [16] " " - " - - - - -

Leeds et al. (2000) [19] "
�

" - " - - - - -

Nantz et al. (2006) [26] - " $ " " $ "� - "

Samman et al. (2003) [25] " " - " $ - $ " $

Smith et al. (1999)b [14] $ - " " $ $ $ - -

Wise et al. (1996) [12] " - " " " - " $ -

Wise et al. (2009) [18] " - - " - - - - -

Studies sharing the same superscript represent analysis of different outcomes from the same study.

" Indicates significant increase in serum concentrations of that vitamin in comparison to the control or baseline (p , 0.05).

$ Indicates no difference in comparison to the control or baseline (p . 0.05).

* Retinol levels increased in both placebo and FV groups.
� Vitamin E levels increased significantly with the fruit capsules but not the vegetable capsules.
� Significant increases were obtained in serum lutein levels but not zeaxanthin with FV capsules.

** Trolox equivalent antioxidant capacity increased in HIV-seropositive subjects but not in seronegative subjects in both juice and concentrate groups.

Table 5. Effects of Capsules on Markers of Oxidative Stress

Authors (Year) Control Treatment(s)

Treatment

Dosage

Protein

Oxidation§
Lipid

Oxidation

DNA

Oxidation

Bamonti et al. (2006)* [28] NC FV capsules 4 capsules/day $ # -

Bloomer et al. (2006)b [21] PC (1) FVB capsules 6 capsules/day # $ $

(2) Vit C & E capsules

Goldfarb et al. (2007)b [22] PC (1) FVB capsules 6 capsules/day # # $

(2) Vit C & E capsules

Goldfarb et al. (2011)*** [33] PC FVB capsules 6 capsules/day # # -

Kawashima et al. (2007)** [17] PC FV capsules 4 capsules/day - # #

Kiefer et al. (2004)** [16] PC FV capsules 4 capsules/day - - #

Lamprecht et al. (2007)d [29] PC FVB capsules 6 capsules/day # - -

Lamprecht et al. (2009)d [30] PC FVB capsules 6 capsules/day # - -

Leeds et al. (2000) [19] NC (1) Fruit capsules 2 capsules/day - # -

(2) Veg capsules

Nantz et al. (2006) [26] PC FV capsules 4 capsules/day - - #

Samman et al. (2003) [25] PC FV capsules 4 capsules/day - $ -

Smith et al. (1999)** [14] NC FV capsules 4 capsules/day - - #

Wise et al. (1996) [12] NC FV capsules 4 capsules/day - # -

Studies sharing the same superscript letters represent analysis of different outcomes from the same study.

NC ¼ not controlled, PC ¼ placebo capsules, FV ¼ fruit and vegetable, FVB ¼ fruit, vegetable, and berry.
§ Protein oxidation assessed as protein carbonyl groups or protein thiols.

- Not assessed.

$ No significant effects found.

# Significant reduction compared to placebo or baseline for at least one parameter assessed.

* Significant reduction was found only for free malondialdehyde in light smokers.

** Significant reduction compared to baseline but not to placebo.

*** Significant reduction compared to placebo but not baseline.
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serum TEAC levels in HIV-seropositive subjects but not in

HIV-seronegative subjects [23]. Samman et al. [25] found that

FV concentrates increased FRAP compared to the placebo but

not significantly (p ¼ 0.065) [25]. However, the study by

Bamonti et al. [28], which included smokers and nonsmokers,

found no improvement in total antioxidant capacity.

Overall, the majority of the studies demonstrated that FV

capsules have high bioavailability and as such are capable of

improving serum concentrations of the major antioxidant

vitamins (C and E) and carotenoids.

Oxidative Stress

Eleven trials (13 reports) [12,14,16,17,19,21,22,25,26,28–

30,33] examined the effect of FV capsules on various markers

of oxidative stress related to protein, lipid, or DNA oxidation

(Table 5).

Excessive protein oxidation has been linked to a number of

chronic diseases [36]. Three trials (five reports)

[21,22,29,30,33] assessed the effect of FVB capsules on

protein carbonyl (PC) concentrations, a stable marker of

protein oxidation [37] (Table 5). All studies reported a

significant improvement in this marker, i.e., a decrease in

oxidative stress with FVB capsule supplementation that

attenuated the rise in PC concentrations induced by aerobic

exercise [21,22,29,30,33]. However, in another study [28], FV

capsules did not improve another marker of protein oxidation

(thiol groups), which may be a result of their rapid

regeneration.

Lipid oxidation was examined in six trials (eight reports)

[12,17,19,21,22,25,28,33] (Table 5). Of these, four studies

(five reports) reported on malondialdehyde (MDA) levels.

Leeds et al. found that supplementation with either fruit or

vegetable capsules significantly reduced plasma MDA concen-

trations (by approximately 40%) [19]. The studies by Goldfarb

et al. and Bloomer et al. found that FVB concentrates decreased

MDA in comparison to placebo but not baseline [21,22,33].

The study by Bamonti et al. [28] examined all MDA fractions

(total, free, and bound) and found that, whereas t-MDA did not

change, f-MDA decreased significantly by predominantly

converting to b-MDA in light smokers. No differences were

observed in healthy subjects. Based on these findings, future

studies could provide a more complete understanding of the

potential benefits of FV supplements by measuring both bound

and free fractions of MDA. Conflicting findings were reported

with other markers of lipid oxidation. Three studies assessed

the effect of FV concentrates on lipid peroxides. The 1996

study of Wise et al. showed a significant reduction in lipid

peroxides [12]. The study of Kawashima et al. demonstrated a

significant reduction compared to baseline but not the placebo

in Japanese adults [17]. The 2011 study of Goldfarb et al. [33]

found no effect of FVB concentrates versus placebo in altering

lipid peroxide levels in response to an acute bout of eccentric

exercise. The study of Samman et al. [25] found that FV

concentrates did not increase the resistance of low-density

lipoprotein to oxidative modification, as assessed by the lag-

phase technique, and had no effect on conjugated dienes in

young Australian men.

A total of five studies (six reports) assessed the effect of FV

concentrates on DNA oxidation. Three studies (four reports)

[16,17,21,22] measured serum or urinary concentrations of 8-

hydroxydeoxyguanosine (8-OHdG) [38]. The studies by Kiefer

et al. and Kawashima et al. found a significant reduction in

urinary concentration of 8-OHdG after FV concentrate

supplementation compared to baseline values [16,17]. The

reports by Bloomer et al. and Goldfarb et al. found no effect of

FV concentrates on serum levels of 8-OHdG [21,22]. Smith et

al. [14] assessed the effect of FV concentrates on DNA damage

in peripheral lymphocytes using the Comet assay. They found a

highly significant (p , 0.0001) decrease in measured DNA

damage between pre- and posttreatment. Nantz et al. [26]

assessed lymphocyte DNA strand breaks and found that FV

concentrates significantly reduced DNA damage in comparison

to baseline. However, the treatment difference compared to the

placebo did not reach statistical significance (p ¼ 0.055). The

lack of statistical significance may have been a result, in part, of

the significantly lower baseline values for the placebo group in

comparison to the FV test group [26].

Overall, the evidence indicates that FV concentrates have a

positive impact on reducing oxidative stress. In the majority of

studies, FV concentrates were associated with significant

reductions in the oxidation of protein, lipids, and DNA.

Serum Homocysteine

Elevated serum homocysteine levels have been found to be

an independent risk factor for cardiovascular disease [39] and a

predictor of all-cause mortality in adults [40,41]. However, the

association between homocysteine and cardiovascular disease

appears to be less clear, given the results of a recent meta-

analysis [42] and other studies [43]. Hyperhomocysteinemia

can result from dietary deficiencies in B vitamins, including B6,

B12, and folate. Serum folate levels have been inversely

associated with serum homocysteine levels [44]. FV concen-

trates are a rich source of folate, with FV and FVB capsules

providing approximately 100%–200% of the adult DRI per

day, based on the studied dosages (Table 3). Seven trials [15–

17,20,25,27,28] examined the effect of these capsules on serum

folate and/or homocysteine concentrations (Table 6). Of these,

four of six studies reported significant increases in serum folate

in comparison to baseline levels [16,17,20,27]. All three

studies that used a placebo control found a significant increase

in serum folate compared to the control [16,17,25]. In addition,

four of six studies found significant reductions in homocysteine

levels in comparison to baseline or the control [17,20,25,27].

Plotnick et al. [15] and Bamonti et al. [28] did not report a

reduction in serum homocysteine. The lack of effect in the

study by Plotnick et al. may be a result of the relatively low and
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unadjusted baseline homocysteine levels (6.2, 6.8, and 8.1

lmol/L for the placebo and the two treatment groups,

respectively) [15]. Bamonti et al. [28] attributed the lack of

effect in their study to the relatively healthy Italian diet of the

participants, whose serum folate and B12 levels were within the

normal range. However, the baseline serum folate and

homocysteine levels, in addition to the length of study and

capsule dosages, were comparable to those seen the studies in

which improvements were reported (Table 6).

Overall, the majority of studies indicated that the folate in

FV and FVB capsules is highly bioavailable and that these

supplements are effective in increasing serum folate levels and

decreasing serum homocysteine concentrations. The studies are

also supportive of the current evidence showing an inverse

relationship between serum folate and homocysteine [44].

Other Outcomes

A total of nine studies assessed other markers of health,

including inflammatory biomarkers, immune function, cold

symptom frequency and severity, muscle function, endothelial

function, blood lipids, and coronary artery calcium score.

Six studies assessed the effect of FV or FVB concentrates

on inflammatory biomarkers [29,31], sick days [29] or

symptoms [26,32], and immune function [24,26,31]. Jin et al.

[31] randomly assigned 117 subjects to receive either placebo,

FV capsules, or FVB capsules for 60 days. They found that the

FV and FVB capsules significantly reduced the inflammatory

biomarkers monocyte chemotactic protein-1, macrophage

inflammatory protein 1-b, and regulated upon activation

normal T-cell expressed and secreted (RANTES), but not

high-sensitivity C-reactive protein (hsCRP), compared to the

control. Lamprecht et al. [11] found that FV concentrates taken

over a 28-week period significantly reduced tumor necrosis

factor-alpha levels compared to the placebo (p , 0.001).

During the final 20 weeks of that study, the FVB concentrate

group tended to have fewer days lost because of illness

compared to the placebo, although this did not reach statistical

significance (p¼ 0.068). Roll et al. [32] assessed the effect of

FV concentrate capsules versus placebo on cold symptom

frequency and severity during winter in Berlin, Germany, in

529 healthy healthcare professionals. They reported that intake

of the FV capsules was associated with a significant 20%

reduction in reported days with moderate or severe common

cold symptoms, compared with the placebo (p ¼ 0.023).

However, the mean number of total days with any common

cold symptoms was similar between the FV capsules and

placebo. Nantz et al. [26] provided FV or placebo capsules to

59 healthy students for 77 days in Florida. They found

improved immune function with the FV capsules, as deter-

mined by increased circulating cd-T cells. However, there were

no differences in circulating db-T cells or cytokines. Interest-

ingly, the recorded log of illnesses indicated that the FV

concentrate group tended to have fewer total symptoms than

the placebo group (p ¼ 0.076). Two other studies looked

specifically at immune function. The study of Inserra et al. [13]

Table 6. The Impact of Capsules on Serum Folate and Homocysteine Levels

Authors (Year)

Serum Folate (nmol/L) Serum Homocysteine (lmol/L)

Active Placebo (Control) Active Placebo (Control)

Baseline End Study Baseline End Study Baseline End Study Baseline End Study

Bamonti et al. (2006)¥

[28]

11.7 (5.2–20.6) 25.1 (22.0–28.5) - - 9.0 (7.9–11.3) 9.1 (7.1–11.2) - -

17.9 (11.3–30.8) 33.6 (28.5–34.2) - - 8.7 (7.1–9.3) 8.2 (6.6–8.8) - -

Houston et al. (2007)€

[27]

25.0 6 8.0 (þ3.2 6 3.4)* - - 10.4 6 2.3 (�2.6 6 0.8)* - -

Kawashima et al. (2007)�

[17]

8.2 6 0.5 22.4 6 1.3*� 8.7 6 0.5 7.7 6 0.1 10.2 6 0.5 8.1 6 0.4*� 9.9 6 0.5 9.6 6 0.5

Kiefer et al. (2004) [16] 8.7 6 3.1 15.6 6 5.2*� 8.7 6 3.1 7.6 6 2.9 - - - -

Panunzio et al. (2003)

[20]

4.1 6 0.5 11.0 6 0.9* - - 12.5 6 3.3 8.0 6 1.7*� 12.5 6 3.8 12.7 6 3.2

Plotnick et al. (2003)��

[15]

- - - - 7.5 6 1.5 7.3 6 1.8 6.2 6 1.1 5.9 6 0.7

Samman et al. (2003)§

[25]

25 6 12 45 6 25� 25 6 13 23 6 10 8.3 6 1.6 7.5 6 0.9� 8.3 6 1.6 8.2 6 1.7

All values are mean 6 SD unless indicated otherwise.
¥ The values represent results from light smokers and nonsmokers, respectively; median data are presented (interquartile ranges).
€ FVB capsules; the ‘‘end study’’ values are 24-month annualized mean changes from baseline.
� Values are mean 6 SE.
�� Results of FV and FVB capsules were pooled for this review.
§ The values were estimated based on graphical representations.

* Statistically different from baseline (p � 0.05).
� Statistically different from placebo/control (p � 0.05).
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found that supplementation with FV concentrates for 40 days

significantly improved cell-mediated immunity, as evidenced

by a twofold increase in interleukin-2 levels in elderly smokers

and nonsmokers. Other markers of improved immune function

were also noted, including increased spontaneous proliferation

of peripheral blood mononuclear cells and increased natural

killer cell cytotoxicity. However, Winkler et al. [24] reported

that the liquid FV concentrate did not alter markers of

immunity (i.e., T-lymphocyte proliferation and apoptosis) in

healthy or HIV-positive patients [24].

Two studies assessed the effect of FV concentrates on blood

lipids as secondary endpoints. Plotnick et al. [15] gave FV,

FVB, or placebo capsules to 38 healthy subjects for a 4-week

period. They found significant reductions in total and low-

density lipoprotein cholesterol with the FV capsules but not

with the FVB capsules. Houston et al. [27] provided FVB

capsules to 51 subjects for 2 years and showed a small (�0.03

mmol/L) but statistically significant (p ¼ 0.025) decrease in

serum HDL cholesterol, with no change in other serum lipid

fractions. Plotnick et al. [15] also assessed the effect of the FV

and FVB capsules on endothelial function (flow-mediated

vasodilation). They found that both the FV and FVB capsules

significantly blunted the detrimental impact of a single high-fat

test meal on endothelial function (p , 0.05 and p , 0.02,

respectively). They also noted an increase in serum nitrate/

nitrite levels in both the FV and FVB groups, suggesting that

endothelial nitric oxide synthase activity may be enhanced with

the FV and FVB capsules. Houston et al. [27] also assessed the

effect of FV concentrates on blood pressure and coronary artery

calcium score. They found that consumption of the FV

concentrates over 24 months produced modest but significant

reductions in systolic (�2.4 6 1.0 mmHg, p , 0.05) and

diastolic (�2.2 6 0.6 mm Hg) blood pressure and significantly

improved large artery compliance (p , 0.01). Furthermore, the

progression of coronary artery calcium score was less than

expected compared with an historical database (p , 0.001).

FUTURE DIRECTION AND
CONCLUSIONS

The current systematic review identified two commercially

available mixed FV concentrate supplements, the health effects

of which have been assessed in clinical studies. From the 22

reports identified, there is clear evidence to indicate that FV

concentrate supplementation significantly increases serum

concentrations of antioxidants (b-carotene and vitamins C

and E) and folate and significantly reduces markers of

oxidative stress, particularly protein and lipid oxidation. The

evidence for their health effects on markers of inflammation

and endothelial and immune function is promising, but further

investigations are required. Further trials are warranted,

particularly those utilizing a randomized, double blind,

placebo-controlled design. Trials utilizing diverse FV concen-

trate supplements are also warranted, as the vast majority of the

published research relates to relatively few consumer products.

It would be helpful if more studies included dietary records,

including FV intake and the overall macronutrient and

micronutrient profiles of the diet. Furthermore, to clarify the

potential benefit of FV supplements in a real-world setting,

studies using larger numbers of subjects and longer interven-

tion periods should be undertaken.

Overall, the studies conducted to date indicate that the FV

concentrates are effective in significantly improving circulating

concentrations of antioxidant vitamins, provitamins, and folate

and decreasing markers of oxidative stress. There are also data

indicating that FV concentrates may decrease inflammatory

biomarkers and improve immune function. While these

supplements are not meant to replace a healthy and well-

balanced diet rich in fruits and vegetables, they may provide a

useful means by which individuals can improve intake of FV

bioactives. These FV concentrates have been shown to be well

tolerated for up to 2 years and easy to comply with in ‘‘free

living’’ settings [27], making them a practical choice,

particularly for individuals who may have difficulty meeting

the current recommendations.
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