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RESEARCH Open Access

The use of a commercial vegetable juice as a
practical means to increase vegetable intake:
a randomized controlled trial
Sonia F Shenoy1, Alexandra G Kazaks2, Roberta R Holt1, Hsin Ju Chen1, Barbara L Winters3, Chor San Khoo4,
Walker SC Poston5, C Keith Haddock5, Rebecca S Reeves6, John P Foreyt6, M Eric Gershwin7, Carl L Keen1,8*

Abstract

Background: Recommendations for daily dietary vegetable intake were increased in the 2005 USDA Dietary
Guidelines as consumption of a diet rich in vegetables has been associated with lower risk of certain chronic
health disorders including cardiovascular disease. However, vegetable consumption in the United States has
declined over the past decade; consequently, the gap between dietary recommendations and vegetable intake is
widening. The primary aim of this study is to determine if drinking vegetable juice is a practical way to help meet
daily dietary recommendations for vegetable intake consistent with the 2005 Dietary Guidelines and the Dietary
Approaches to Stop Hypertension (DASH) diet. The secondary aim is to assess the effect of a vegetable juice on
measures of cardiovascular health.

Methods: We conducted a 12-week, randomized, controlled, parallel-arm study consisting of 3 groups of free-
living, healthy volunteers who participated in study visits at the Ragle Human Nutrition Research Center at the
University of California, Davis. All subjects received education on the DASH diet and 0, 8 or 16 fluid ounces of
vegetable juice daily. Assessments were completed of daily vegetable servings before and after incorporation of
vegetable juice and cardiovascular health parameters including blood pressure.

Results: Without the juice, vegetable intake in all groups was lower than the 2005 Dietary Guidelines and DASH
diet recommendations. The consumption of the vegetable juice helped participants reach recommended intake. In
general, parameters associated with cardiovascular health did not change over time. However, in the vegetable
juice intervention groups, subjects who were pre-hypertensive at the start of the study showed a significant
decrease in blood pressure during the 12-week intervention period.

Conclusion: Including 1-2 cups of vegetable juice daily was an effective and acceptable way for healthy adults to
close the dietary vegetable gap. Increase in daily vegetable intake was associated with a reduction in blood
pressure in subjects who were pre-hypertensive at the start of the trial.

Trial Registration: Clinicaltrials.gov NCT01161706

Background
For almost two decades, the United States Department
of Agriculture (USDA) has recommended that Ameri-
cans consume a minimum of 5 servings of vegetables
and fruits a day [1]. These recommendations are based
on numerous studies showing that meeting the

recommended daily intake of fruit and vegetables is
associated with a reduced risk for a number of chronic
diseases, with the evidence for cardiovascular disease
and stroke being particularly strong [2-5]. In 2005 the
Department of Health and Human Services updated the
Dietary Guidelines which recommended an increase in
fruit and vegetable intake and changed the recommen-
dations from servings to cups [6]. The new goal was 2-
6.5 cups (equivalent to 4 - 13 servings) according to an
individual’s sex, physical activity and age [6]. For this
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study, which focuses on vegetable consumption, the
Dietary Guidelines suggest that 2½ cups of vegetables
per day are recommended for a reference 2,000-calorie
intake [6].
Despite numerous intensive public educational cam-

paigns, surveys examining trends in vegetable consump-
tion from 1988 to 2002 show that 7 out of 10
Americans consume less than the USDA recommended
servings of vegetables each day and suggests that 25 per-
cent of respondents had no daily vegetable intake at all
[7]. There are multiple reasons for low vegetable intake
in the United States, including perceived high costs [8],
lack of awareness of the benefits of vegetable consump-
tion [9-11], low availability of fresh products in certain
areas [12], taste concerns [13], and limited food prepara-
tion time and skills [14]. A consequence of low vegeta-
ble consumption can be a low intake of essential
nutrients that are key factors for vascular health such as
potassium and vitamin C, as well as decreased sources
of phytochemicals, such as flavonoids and carotenoids,
which have a number of putative positive vascular health
benefits [15,16]. Given these factors, there is a need to
develop new strategies that can close the gap between
what is recommended for vegetable intake, versus what
is actually occurring in the general population. Logically
the solutions that are advanced for closing the gap
between intake and recommendations should be conve-
nient, calorie appropriate, cost effective, and supported
by sound science [17].
The Dietary Approach to Stop Hypertension (DASH)

diet was originally designed for those with cardiovascu-
lar risk factors, such as hypertension [18,19], but it was
subsequently recommended as one of two healthy eating
patterns for the general U.S. population in the 2005
Dietary Guidelines [6]. Adherence to the DASH diet has
been shown to be associated with improved vascular
health in a number of trials [9,20,21].
The primary objective of the current study was to

determine if the incorporation of a vegetable juice is a
practical way for individuals to help meet dietary recom-
mendations for daily vegetable intake as described by
the 2005 Dietary Guidelines and the DASH diet. Other
goals were to obtain preliminary evidence about the
impact of vegetable juice consumption on cardiovascular
health by measuring blood pressure, lipid profiles and
other related parameters.

Methods
Study Population
Adult men and women (age 40-65 years) were recruited
from the University of California, Davis, campus and
surrounding Sacramento, Solano and Yolo counties
using newspaper advertisements. One hundred and sixty

two individuals were screened at the Ragle Human
Nutrition Research Center for the study, of which 90
(66 women and 24 men) were enrolled into the study.
The ethnicities of those enrolled were representative of
the recruitment area and included: 63% Caucasian, 9%
Asian, 10% Hispanic, 5% other, and 13% not reported.
Exclusion criteria were: use of medications that affect
blood clotting and vascular reactivity such as anti-
depressants, anti-anxiety medications, and aspirin, blood
pressure ≥ 140 mm Hg systolic or ≥ 90 diastolic, BMI <
18 or ≥ 35 kg/m2, uncontrolled diabetes or hyperten-
sion, history of heart disease, and a Beck Depression
Inventory® (BDI) depression scale score of 21 or above
(Pearson Education, Inc., San Antonio, Texas). With the
exception of basic multivitamin/mineral supplements,
subjects were instructed to refrain from using dietary
supplements, including herbs and omega-3 fatty acids
during the study period. Participants were instructed to
refrain from using nonsteroidal and anti-inflammatory
medication for the week prior to a clinic visit. All sub-
jects provided written informed consent at the time of
screening, and the Institutional Review Board at the
University of California, Davis, approved this study.

Design
Eligible subjects were randomized in a three-arm paral-
lel design to drink 8 fluid ounces (1 cup) or 16 fluid
ounces (2 cups) of vegetable juice or no juice for a 12-
week period. Visits were at baseline (week 0), week 6
and week 12 of the study. Subjects were instructed to
follow a low carotenoid diet for the week prior to study
day 1 so that all subjects started with the same approxi-
mate baseline carotenoid level [22] and a low flavonoid
diet 24 hours prior to each visit. During the low flavo-
noid diet, subjects continued to consume their vegetable
juice. Previous studies have shown that these dietary
phytochemicals can have an impact on vascular function
[23-25]. Three day diet records were collected during
the low carotenoid diet period to assess adherence to
the diet restriction.
All participants were asked to follow the DASH diet

plan which emphasizes vegetables, fruits, whole grains,
lean meats and low fat or fat free milk [6]. It is rich in
magnesium, potassium, calcium and fiber. In line with
the USDA Food Guide, the DASH diet defines a serving
of vegetables as one cup of raw leafy vegetables or half a
cup of vegetable juice, cooked vegetables or raw vegeta-
bles [26,27]. In this paper, we report vegetable intake as
DASH servings. The DASH diet training emphasized
inclusion of vegetables, and specifically did not instruct
subjects to consume vegetable juice in place of mealtime
vegetable servings. On the first study day all subjects
were counseled about the diet in small groups. The
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curriculum for the study was based on six objectives and
during the session participants were expected to:

1. Identify the key aspects of the DASH eating plan.
2. Calculate the appropriate number of servings for
each food group according to a personal calorie goal.
3. Describe ways of measuring appropriate serving
sizes of foods.
4. Develop realistic personal goals and meal plans.
5. Discuss tips to make healthy eating easier.
6. Demonstrate how to use a checklist to track their
individual progress towards meeting the DASH goals.

For each objective, appropriate handouts were pro-
vided and filled out during the instruction period and
participants were given the material to take home.
Participants randomly assigned to the vegetable juice

groups were supplied with vegetable juice to last for the
6 weeks between visits. The juice was packaged in 46-
fluid ounces bottles with a plain black and white label.
The same lot was used for all subjects for the 12-week
study period. A clear plastic glass with an 8 fluid ounce
marker was provided for ease of juice measurement.
Eight fluid ounces of the vegetable juice (V8®; Campbell
Soup Company, Camden NJ) provided 50 calories, 0 g
of total fat and cholesterol, 480 mg of sodium, 470 mg
of potassium, 2 g of protein, 20 mg lycopene, and 10 g
of total carbohydrate of which 2 g were dietary fiber,
and 8 g of sugars. The juice provided 40% of the Daily
Value of Vitamin A from naturally occurring beta-caro-
tene in the vegetables (1000 IUs = 300 micrograms
RAEs (Retinol Activity Equivalents)), 120% of Vitamin
C, and 4% of calcium and iron.

Data Collection and Measures
Baseline self-reported demographic and dietary charac-
teristics were collected at the start of the study. At
weeks 6 and 12, subjects who consumed the juice
turned in self-reported questionnaires to indicate their
daily consumption of the vegetable juice.
Three-day food records were collected from 2 week-

days and 1 weekend day before study visits at baseline
(during the carotenoid washout period), week 6 and
week 12. Baseline vegetable intake was not used for sta-
tistical analyses; instead the data provided information
on low carotenoid diet adherence. The food records
were reviewed by a registered dietitian and were entered
in duplicate into a database and analyzed with Food
Processor software (Version 10.2.0, ESHA research, Inc.,
Salem, OR). Vegetable servings were quantified accord-
ing to the DASH diet recommendations. One DASH
diet serving of vegetables corresponds to 0.5 cups of
MyPyramid vegetables [26] or 4 fluid ounces of vegeta-
ble juice [27].

Clinical measurements included blood pressure,
weight, height, and waist circumference. Blood pressure
measurements were the average of 2 measurements and
were taken using an automated system (Vital Signs 300,
Welch Allyn Protocol Inc., Beaverton, OR) after the sub-
ject was seated for 5 minutes. Mean arterial pressure
(MAP), or average arterial pressure during a single car-
diac cycle, was calculated using the formula: MAP =
[((systolic - diastolic)/3) + diastolic]. Normal MAP range
is 70-110. For weight and height measurements, subjects
were fully dressed, with the exception that their shoes
were removed. Height was recorded on their first visit
only using a wall-mounted stadiometer (Ayrton S-100,
Prior Lake, MN). Weight was recorded every visit using
an electronic scale (Scale-tronix Inc., White Plains. NY).
At the baseline visit and at week 12, 24-hour urine sam-
ples were collected. The 24-hour urine collection period
started immediately after consumption of the assigned
vegetable juice treatment and ended 24 hours later.
Urine was stored during the 24 hours in insulated bags
with ice packs. At baseline, week 6 and 12, blood sam-
ples were drawn for comprehensive metabolic panel
(chemistry, liver, fasting blood glucose), high sensitivity
C-reactive protein, and lipid panel. High sensitivity C-
reactive protein, lipid and comprehensive metabolic
panels and 24-hour urine analysis were performed by
the Clinical Pathology Laboratory of the University of
California, Davis Medical Center.
Given previous reports on the potential effects of

vegetable intakes on the antioxidant status of subjects
[28,29], we measured plasma thiobarbituric acid reactive
substances (TBARS) as a marker for oxidative stress;
TBARS were determined as previously described [30].

Statistical Analyses
Data were analyzed for the 86 subjects who completed
the 12-week study. The vegetable intake data are for the
80 subjects who completed their diet records at both 6
and 12 weeks. For continuous variables, analysis of var-
iance (ANOVA) and Fisher’s PLSD (Statview 5.0.1, SAS
Institute Inc., Carey, NC) were employed using 3 groups
(0, 8 and 16 fluid ounces of vegetable juice daily) or 2
groups (daily vegetable juice consumption or no vegeta-
ble juice consumption). Analysis for categorical variables
was conducted using the Chi square test to compare the
two exposures (vegetable juice or not). Blood pressure
data were analyzed using repeated measures ANOVA
with Tukey’s post hoc for multiple comparisons or
Friedman’s repeated measures ANOVA where appropri-
ate (Sigma Stat 3.5, Systat Software Inc, San Jose, CA).
Subjects were stratified into normal and pre-hyperten-
sive groups (diastolic blood pressure > 80 mm Hg and/
or systolic blood pressure > 120 mmHg) and subjects
consuming 8 or 16 fluid ounces of vegetable juice were
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grouped together to increase statistical power. For all
statistical analyses, a p-value < 0.05 was considered sta-
tistically significant. Data are presented as mean ± stan-
dard deviation.

Results
A total of 90 subjects were enrolled and randomized to
one of three treatment groups. Thirty subjects were
assigned to drink 8 fluid ounces of the vegetable juice,
30 subjects were assigned to drink 16 fluid ounces of
the vegetable juice, and 30 subjects received no vegeta-
ble juice. Of the 90 enrolled, 86 subjects completed the
12-week study. The four subjects who did not complete
the study were all within the vegetable juice treatment
groups. Two subjects withdrew from the study due to
the development of a mild rash, and one subject with-
drew due to mild heartburn that they associated with
the consumption of the juice. The data for one subject
was excluded due to non-compliance (Figure 1). A total
of 48 out of 53 participants, who completed beverage
consumption logs, indicated that they consistently con-
sumed the juice (≥ 6 days per week of juice consump-
tion), representing a high level of adherence to the
protocol. Dietary intake data from six subjects were not
analyzed because they had incomplete food records. A
total of 80 subjects were included in the analysis of diet-
ary data (n = 27, 26, 27 respectively for 0, 8, and 16
fluid ounces).
Apart from systolic blood pressure and insulin levels,

no significant differences in baseline characteristics were
observed among the randomized groups. As a matter of
chance, baseline systolic blood pressure was significantly
higher in subjects randomly assigned to the 8 fluid
ounces group than in the other groups. Baseline insulin
levels were significantly higher in subjects who were in
the 16 fluid ounces group (Table 1). A demographic
characteristic of note is the education level of partici-
pants; all had completed high school or higher educa-
tion. Seventy-three percent were college graduates and,
of these, 62% had master’s, doctoral, or law degrees.
Despite being counseled on the DASH diet and being

encouraged to increase their consumption of vegetables,
apart from vegetable juice consumption, the majority of
people enrolled in the study had a vegetable intake that
was lower than public health recommendations, of at
least 4 daily servings, or 2 cups, of vegetables (Figure 2).
Average vegetable intake for all groups, without count-
ing vegetable juice, was 2.6 servings per day after 6
weeks and 2.3 servings per day after 12 weeks. There
were no significant differences among groups in dietary
vegetable intake at 6 or 12 weeks (apart from vegetable
juice consumption). These intakes are well short of
DASH recommendations of 4-6 servings/day for the
subjects’ calorie requirements of between 1600-3000

calories per day. Adding 8 fluid ounces (2 DASH diet
servings of vegetables) of vegetable juice to the diet
increased the average daily vegetable servings to 4.3
after both 6 and 12 weeks. The addition of 16 fluid
ounces (4 DASH diet servings) of vegetable juice to the
diet resulted in an average daily vegetable consumption
that met the minimum recommendation for vegetable
intake (6.5 and 6.4 servings per day at weeks 6 and 12,
respectively). These results were in marked contrast
compared to individuals who received only DASH edu-
cation. Their vegetable intake averaged 3 servings per
day at week 6, and 2.1 servings per day at week 12.
Apart from vegetable juice consumption, only 7.7% of
subjects in the 8 fluid ounces and 18.5% in the 16 fluid
ounces group met daily vegetable intake recommenda-
tions at week 6. At week 12, 19.2% in the 8 fluid ounces
group and 11.1% in the 16 fluid ounces group met the
recommendations. In contrast, when vegetable juice was
incorporated into the diet, 50% of participants in the 8
fluid ounces group and 100% of those consuming 16
fluid ounces of vegetable juice achieved daily vegetable
recommendations at 6 weeks. At week 12, 53.8% in the
8 fluid ounces group and 100% of those in the 16 fluid
ounces group met recommendations. For those in the
control group, who received only DASH diet instruction
and consumed no vegetable juice, 22.2% at 6 weeks and
7.4% at 12 weeks achieved daily vegetable intake
recommendations.
The addition of the vegetable juice added vegetable

servings to the diet and significantly increased dietary
potassium and sodium intake at 6 and 12 weeks in
those consuming 16 fluid ounces daily (Table 2). These
additions coincided with corresponding increases in the
concentrations of urinary sodium and potassium
excreted by those consuming the juice (Table 3). Con-
suming vegetable juice resulted in a dose response
increase in dietary vitamin C at 6 and 12 weeks among
groups (Table 2) and those consuming 16 fluid ounces
of vegetable juice had higher dietary vitamin A than the
control group at 12 weeks. This increase in vitamin A
came in the form of b-carotene present in the juice.
There were no changes in nutrient composition in the
reported dietary intakes in any group between 6 and 12
weeks (Table 2).
There were no significant differences in systolic or

diastolic blood pressure within groups or among all
treatment groups, when all subjects were included, over
the 12-week period. However, significant differences in
blood pressure were observed in a subset of individuals
who drank the juice. Figure 3 compares those indivi-
duals who drank the juice for 12 weeks (8 and 16 fluid
ounces data combined), and had blood pressures at the
start of the study over 120 mm Hg systolic or 80 diasto-
lic (panels A, C, E) with those who had normal blood
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pressure (panels B, D, F). Those who began the study
with normal blood pressures had no significant change
in blood pressure throughout the study. In those sub-
jects who started the study with blood pressure in the
pre-hypertensive range, a significant within group
decrease in all blood pressure parameters was observed
after 12 weeks of juice consumption. Systolic blood
pressure significantly decreased after 12 weeks of juice
consumption (128.1 ± 8.0 at baseline vs. 123.4 ± 9.5 at
week 12; Figure 3A; p < 0.05). After 12 weeks of

vegetable juice consumption, diastolic blood pressure
was significantly reduced from baseline and 6 weeks
(82.6 ± 5.6 at baseline and 81.8 ± 5.2 at week 6 com-
pared to 79.0 ± 4.5 at week 12; Figure 3C; p < 0.05).
Similarly, mean arterial pressure was significantly
reduced after 12 weeks of juice intake from both base-
line and at 6 weeks (97.8 ± 5.3 at baseline, 96.8 ± 5.7 at
week 6, and 93.8 ± 5.4 at week 12; Figure 3E; p < 0.05).
There were no significant differences within groups

over the 12 week intervention, or among groups, in

Figure 1 Enrollment and Randomization.
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BMI, waist circumference, plasma insulin, measures
from the comprehensive metabolic panel (chemistry,
fasting blood glucose, and liver panel), lipids, high sensi-
tivity C-reactive protein or plasma TBARS (data not
reported).

Discussion
Relative to current public health recommendations, the
majority of Americans consume inadequate amounts of
vegetables (minimum of 4 servings) in their diet
[7,31,32]. Consistent with this report, our subjects’ aver-
age daily intake of vegetables did not meet recommen-
dations (for either DASH or 2005 Dietary Guidelines) at
any time during this study despite DASH diet education.
Importantly, the dietary intake of vegetables apart from
the juice was similar among the three groups. However,
the incorporation of the vegetable juice significantly
increased the total daily intake of vegetables to an aver-
age of 4.3 and 6.5 servings of vegetables in the 8 and 16
fluid ounce groups, respectively. The DASH diet instruc-
tion emphasized inclusion of vegetables, and did not
instruct subjects to consume vegetable juice in place of
mealtime vegetable servings. These results support the
concept that the daily consumption of a vegetable juice
is a feasible way for an individual to help meet their
dietary recommendation for vegetable intake. During the
study we obtained information from participants related
to their perceptions on including vegetable juice into
their diets. The majority of those drinking the juice self-
reported that they enjoyed the taste, felt they were
doing something good by drinking it, were satisfied they
had a diet that provided the right vitamins and minerals,
and were satisfied with the ease of getting vegetables in
their diet.
The data from the current study were obtained from a

population of healthy, well-educated adults in California.

Table 1 Baseline Characteristics of the Study Population who Completed 3 Day Diet Records at 6 and 12 weeks

No beverage

(n = 27)

8 fluid ounce group
(n = 26)

16 fluid ounce group
(n = 27)

Age (years) 51.7 ± 5.1 52.6 ± 7.5 51.0 ± 5.8

Gender, F/M 15/12 21/5 22/5

Weight (kg) 73.8 ± 12.0 70.8 ± 15.7 75.1 ± 13.2

Height (cm) 170.4 ± 7.8 166.9 ± 9.1 168.5 ± 8.1

BMI (kg/m2) 25.7 ± 3.2 25.0 ± 4.0 26.5 ± 3.2

Waist Circumference (cm) 88.8 ± 10.6 85.6 ± 9.3 89.8 ± 9.8

Systolic BP (mm Hg) 113.8 ± 8.7 118.7 ± 11.9* 111.5 ± 9.5

Diastolic BP (mm Hg) 73.8 ± 7.2 75.7 ± 8.4 72.9 ± 7.2

Total Cholesterol∂ (mg/dL) 208.3 ± 43.8 213.5 ± 43.4 200.7 ± 37.5

HDL∂ (mg/dL) 51.8 ± 16.4 55.2 ± 15.5 49.3 ± 15.5

LDL∂ (mg/dL) 138.3 ± 41.2 134.9 ± 51.0 126.0 ± 29.3

Chol: HDL 4.5 ± 2.0 4.3 ± 1.7 4.5 ± 1.5

Triglycerides∫ (mg/dL) 101.5 ± 52.9 117.2 ± 85.6 126.8 ± 73.3

hsCRP (mg/L) 1.6 ± 1.9 1.6 ± 1.6 2.0 ± 1.7

Insulin∩ (uU/mL) 6.5 ± 3.7 5.6 ± 2.4 9.0 ± 6.2**

Fasting Blood Glucose⌂ (mg/dL) 92.9 ± 7.4 92.7 ± 8.8 93.4 ± 5.3

Values are mean ± standard deviation.

* Significantly different from 16 ounce group p = 0.02; **significantly different from 8 ounce group (p = 0.01), and no beverage (p = 0.04)

BMI = Body Mass Index; BP = Blood Pressure; Chol = Cholesterol; HDL = High Density Lipoprotein; hsCRP = high sensitivity C-reactive protein; LDL = Low Density
Lipoprotein

Figure 2 Comparison of vegetable intake (servings per day)
among vegetable juice consumption groups at weeks 6 and
12. * a Significantly different from no vegetable juice c at 6 weeks
and d at 12 weeks p ≤ 0.01, b significantly different from 8 fluid
ounces and no vegetable juice groups at 6 weeks, and at 12 weeks
p ≤ 0.0001. Vegetable consumption in the week 12 no vegetable
juice group was significantly decreased from week 6 p ≤ 0.01. 8
fluid ounce group n = 26; 16 fluid ounce group n = 27; no
vegetable juice n = 27.
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Similar to what is found in various sectors of the U.S.
population [33-35], the majority of people enrolled into
this study did not consume the recommended daily ser-
vings of vegetables. Indeed, reported intakes at the 12-
week point in the control group were lower than those
reported in these previous national surveys. In a study
of African American men, Wolf et al. found that they
were not aware of, nor meeting, dietary recommenda-
tions due to a lack of knowledge and perceived barriers
[35]. Similarly, McGee et al. [14] found that individuals

in the lower Mississippi delta felt that they lacked
knowledge and skills to prepare meals with healthful
food choices. However, our subject population was pro-
vided with education on developing meals plans and tips
for making healthy eating easier. This dietary education,
coupled with the high education level of the individuals
enrolled in the current study, should have resulted in
their meeting DASH recommendations. Based on our
data, we suggest that behavior change for an extended
time period, even for highly educated individuals, is

Table 2 Summary of Dietary Data from All Subjects Who Completed 3 Day Diet Records at 6 and 12 Weeks

Week 6 Week 12

No vegetable
juice
(n = 27)

8 fluid ounce
group
(n = 26)

16 fluid ounce
group
(n = 27)

No vegetable
juice
(n = 27)

8 fluid ounce
group
(n = 26)

16 fluid ounce
group
(n = 27)

Calories (Kcal) 1774ab ± 518 1637a ± 383 2011b ± 664 1917ab ± 530 1640a ± 538 2042b ± 564

Without Juice 1774ab ± 518 1587a ± 383 1961b ± 664 1917 ± 530 1590a ± 538 1942 ± 564

Protein (g) 77ab ± 27 69a ± 18 86b ± 23 83 ± 27 73 ± 23 83 ± 24

Without Juice 77ab ± 27 66a ± 18 82b ± 23 83 ± 27 70 ± 23 79 ± 24

Carbohydrate
(g)

226 ± 65 215 ± 53 249 ± 84 238ab ± 66 210a ± 75 262b ± 82

Without Juice 226 ± 65 204 ± 53 229 ± 84 238 ± 66 200 ± 75 242 ± 82

Fiber (g) 22 ± 9 22 ± 9 26 ± 10 23 ± 10 22 ± 11 27 ± 10

Without Juice 22 ± 9 20 ± 9 22 ± 10 23 ± 10 20 ± 11 22 ± 10

Fat (g) 59a ± 27 58a ± 26 79b ± 46 65ab ± 28 56a ± 24 72b ± 3

Without Juice 59a ± 27 58a ± 26 79b ± 46 65ab ± 28 56a ± 24 72b ± 3

Vitamin A (IU) 8185 ± 4938 7994 ± 4416 12537 ± 1392 7171b ± 4531 11206ab ± 7237 14568a ± 21648

Without Juice 8185 ± 4398 5994 ± 4416 8536 ± 1392 7171 ± 4531 9206 ± 7237 10568 ± 21648

Vitamin C (mg) 106c ± 63 148a ± 53 232b ± 68 95c ± 64 173a ± 74 230b ± 52

Without Juice 106 ± 63 75 ± 53 88 ± 68 95 ± 64 101 ± 74 86 ± 51

Calcium (mg) 789 ± 392 751 ± 355 770 ± 278 880 ± 395 805 ± 364 790 ± 319

Without Juice 789 ± 392 711 ± 355 690 ± 278 880 ± 397 765 ± 364 711 ± 319

Iron (mg) 14a ± 4.6 14a ± 3.5 18b ± 6.1 13a ± 4.5 14a ± 4.7 18a ± 6.9

Without Juice 14 ± 4.6 12 ± 3.5 15 ± 6.1 13 ± 4.5 12 ± 4.7 15 ± 6.9

Potassium (mg) 2080a ± 777 2319a ± 837 3126b ± 837 2252a ± 685 2412a ± 788 3107b ± 887

Without Juice 2080 ± 777 1849 ± 837 2187 ± 837 2252 ± 685 1942 ± 788 2167 ± 887

Sodium (mg) 2447a ± 931 2600a ± 912 3612b ± 1231 2504a ± 1134 2841a ± 1118 3225b ± 953

Without Juice 2447 ± 931 2120 ± 912 2651 ± 1230 2504 ± 1134 2360 ± 1118 2665 ± 953

*Means not sharing superscripts at any single time (6 or 12 weeks) point are significantly different from each other (p < 0.05). Values are presented as means ±
SD.

Table 3 Urinary Sodium and Potassium Concentrations (mEq/L) of the Study Population

No vegetable juice
(n = 24)

8 fluid ounce group
(n = 23)

16 fluid ounce group
(n = 26)

Urinary Potassium Concentration–0 weeks 21.6 ± 8.1 27.6 ± 15.8 30.2 ± 11.1*

Urinary Sodium Concentration–0 weeks 47.9 ± 21.1 62.8 ± 33.5 71.0 ± 24.8**

Urinary Potassium Concentration–12 weeks 24.9 ± 10.3 28.4 ± 13.0 36.2 ± 16.8***

Urinary Sodium Concentration–12 weeks 58.2 ± 20.8 62.4 ± 23.5 79.0 ± 27.8****

*Significantly different from no vegetable juice group (p = 0.01); **significantly different from no vegetable juice group (p < 0.01); ***significantly different from
no vegetable juice group p < 0.01; ****significantly different from 8 fluid ounce group (p = 0.02), and no vegetable juice group (p < 0.01)

Values are means ± SD.
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difficult. Studies suggest that beneficial changes in beha-
vior for even motivated individuals require intensive,
extended behavioral counseling, relapse prevention
training, incentives, self efficacy and social support
[36,37]. Results from a meta analysis conducted to eval-
uate the overall effectiveness of behavioral interventions
to promote dietary change in fruit and vegetable intake
were not conclusive [38].
Our results confirm that dietary training alone is not

enough to elicit change; this finding underscores the

need for new modalities to encourage beneficial dietary
modification. Guenther et al. [31] and Casagrande et al.
[7] emphasize the need for broadening interventions
beyond increasing individual awareness of the value of
vegetables and education toward altering eating beha-
vior. While several studies have shown successful
improvements in vegetable consumption through var-
ious dietary behavior change programs [37,39], others
have not reported these benefits [40,41]. More effective
intervention possibilities may include increasing access

Figure 3 Twelve Weeks of Vegetable Juice Consumption Decreases Blood Pressure in Individuals with Diastolic Blood Pressure > 80
mm Hg and/or Systolic Blood Pressure > 120 mmHg. Subjects consuming 8 or 16 fluid ounces of vegetable juice were combined into a
single group to examine systolic (A), diastolic (C) and mean arterial pressures (E). Systolic (A and B), diastolic (C and D), and mean arterial (MAP; E
and F) pressure of subjects who consumed either 8 or 16 fluid ounces of vegetable juice for 12 weeks. Those who started the study with blood
pressures greater than 120 mmHg systolic (A) and/or 80 mmHg diastolic (C) demonstrated a significant decrease in blood pressure over the 12-
week period, including MAP (E). Those who had normal pressures at the start of the study demonstrated no significant change in blood
pressure over the 12-week period (B, C and F). * Significant from baseline p < 0.05 (Repeated Measures ANOVA, Tukey post hoc). ** Significant
from baseline, and 6 weeks (p < 0.05; Repeated Measures ANOVA, Tukey post hoc).
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to vegetables [42]. The need for lower calorie, nutrient
dense, convenient [12], inexpensive [43] methods to
increase vegetable consumption are important for future
public health campaigns. Our data suggests that vegeta-
ble juice may serve as a portable and convenient method
to aid individuals in meeting dietary vegetable
recommendations.
Although vegetable consumption was enhanced in

those consuming juice, no significant changes were
observed over the 12-week test period for any of the
measured vascular health parameters listed in Table 1.
The vegetable juice in the study provided a one to one
ratio of sodium to potassium and thus it is important to
note that blood pressure measurements did not change
in any of the groups over the 12 week period. The
group blood pressure results obtained in the current
study are consistent with previous reports that show
total dietary mineral intake is a consideration relative to
blood pressure [44-46]. To further probe this issue, we
analyzed the data from the subset of individuals whose
initial blood pressures were over 120/80 mm Hg (pre-
hypertensive but less than hypertensive range). In the
vegetable juice group, this subgroup showed a significant
decrease in blood pressure over the 12 week interven-
tion period (the number of pre-hypertensive subjects in
the no vegetable juice group was too low (N = 7) to
allow for meaningful statistical comparisons for this spe-
cific subgroup). While preliminary in nature, our finding
that the consumption of the vegetable juice was asso-
ciated with a reduction in blood pressure in pre-hyper-
tensive subjects is consistent with the putative positive
vascular health effects of diets rich in vegetables, which
are good sources of dietary potassium. This differential
blood pressure response between normotensive and pre-
hypertensive individuals has been seen in other interven-
tion studies [47,48].
Svendsen et al. [49] reported improvements in blood

pressure following an intervention promoting very high
levels of vegetable and fruit intake. Those improvements
were seen in a more compromised population exhibiting
a higher baseline body mass index and included some
individuals with cardiovascular risk factors such as
hypertension and diabetes mellitus, smokers, and those
with a prior cardiovascular event [49].
In several papers, the concept has been raised that

vegetables or their respective extracts can result in an
improvement in the oxidant defense system, with a con-
sequential reduction in tissue oxidative damage [50-52].
While the measurements are controversial [53], numer-
ous investigators have used plasma TBARS as a general
indicator for oxidative damage [54,55]. For the above
reason, this measurement was included in the current
study. However, consistent with our expectation, the
consumption of the vegetable juice product did not

result in significant changes in this parameter. We think
it is important to note, however, that the above finding
does not rule out the possibility that the vegetable juice
intervention could have improved select parameters of
the oxidative defense system. For example, it is possible
that phytochemicals present in vegetable juice could
reduce the extent of the oxidation of select targets, such
as low density lipoproteins (LDL) [22] and deoxyribonu-
cleic acid (DNA) [56,57]. However, it is likely that these
phytochemicals are acting, in part, through mechanisms
that are independent of the direct antioxidant properties
of the phytochemicals. For example, it has been sug-
gested that certain phytochemicals can inhibit enzymes
that produce reactive oxygen and nitrogen species
[58,59]. Additional research similar to that conducted by
Valtueña et al. [60], correlating the intake of adequate
vegetables, containing dietary antioxidants, to functional
antioxidant and oxidative stress parameters is needed.
An important consideration for our study is that the

subject selection does not reflect the general population
because it was a fairly homogenous, highly educated,
Caucasian, healthy population with very high adherence
and willingness to volunteer for a study that included
drinking vegetable juice. The current findings need to
be replicated in a larger, more diverse population group,
and ideally it needs to be conducted over a longer per-
iod of time.

Conclusion
Our results show that the consumption of vegetables,
even in an educated, healthy population, remains lower
than recommendations. Registered dietitians can help
clients enhance vegetable intake and bridge the vegeta-
ble gap by recommending the incorporation of 8 fluid
ounces of vegetable juice into their diets. Interestingly,
increasing daily vegetable intake through the incorpora-
tion of vegetable juice was associated with reduced
blood pressure in a subset of pre-hypertensive subjects.
Future research should be done to examine other at risk
subgroups, including minorities and individuals with
pre-existing cardiovascular risk factors to better define
the cardiovascular risk reductions that are associated
with the chronic consumption of vegetable juice.

Acknowledgements
This work was supported in part by resources from the Campbell Soup
Company and in part by resources provided from the UC Davis Center for
Health and Nutrition Research which was established with funding from the
State of California Vitamin Price Fixing Consumer Settlement Fund. We thank
Jodi L. Ensunsa and Calliandra Harris for phlebotomy support, Kerri Green for
technical support, undergraduate student assistants for sample preparation
and database entry, and all the participants in the Vegetable Juice Study.

Author details
1Department of Nutrition, University of California Davis, One Shields Ave,
Davis, California 95616, USA. 2Department of Nutrition and Exercise Science,

Shenoy et al. Nutrition Journal 2010, 9:38
http://www.nutritionj.com/content/9/1/38

Page 9 of 11



Bastyr University, Juanita Drive NE, Kenmore, Washington 98028, USA.
3Global Nutrition Department, Campbell Soup Company, One Campbell
Place, Camden, New Jersey 08103, USA. 4Office of Scientific Affairs, Campbell
Soup Company, One Campbell Place, Camden, New Jersey 08103, USA.
5Institute for Biobehavioral Health Research, National Development and
Research Institutes (NDRI), West 143rd Street, Leawood, Kansas 66224, USA.
6Department of Medicine, Baylor College of Medicine, Travis St, Houston,
Texas 77030, USA. 7Division of Rheumatology, Allergy and Clinical
Immunology, University of California Davis School of Medicine, Health
Sciences Drive, Davis, California 95616, USA. 8Department of Internal
Medicine, University of California Davis School of Medicine, V Street,
Sacramento, California 95817, USA.

Authors’ contributions
SFS acquired and interpreted data, drafted and critically reviewed the
manuscript, and gave final approval of the version to be published. WSCP
analyzed and interpreted data, drafted and critically reviewed manuscript
and gave final approval of the version to be published. RSR interpreted data,
drafted and critically reviewed manuscript, and gave final approval of the
version to be published. AGK acquired and interpreted data, drafted and
critically reviewed the manuscript, and gave final approval of the version to
be published. RRH made substantial contributions to conception and design
of study, acquired and interpreted data, drafted and critically reviewed the
manuscript, and gave final approval of the version to be published. CLK
made substantial contributions to conception and design of study,
interpreted data, drafted and critically reviewed the manuscript, and gave
final approval of the version to be published. HJC acquired data, drafted and
critically reviewed the manuscript, and gave final approval of the version to
be published. CKH analyzed and interpreted data, drafted and critically
reviewed manuscript and gave final approval of the version to be published.
BLW made substantial contributions to conception and design of study,
interpreted data, drafted and critically reviewed the manuscript, and gave
final approval of the version to be published. CSK made substantial
contributions to conception and design of study, interpreted data, drafted
and critically reviewed the manuscript, and gave final approval of the
version to be published. JPF made substantial contributions to conception
and design of study, interpreted data, drafted and critically reviewed the
manuscript, and gave final approval of the version to be published. MEG
interpreted data, critically reviewed manuscript and gave final approval of
the version to be published.

Competing interests
This work was supported in part by resources from the Campbell Soup
Company and in part by resources provided from the UC Davis Center for
Health and Nutrition Research which was established with funding from the
State of California Vitamin Price Fixing Consumer Settlement Fund. CS Khoo
and BL Winters are employees of Campbell Soup Company and hold stock
there. CL Keen and JP Foreyt are members of Campbell Soup Company’s
Vegetable Plant Advisory Panel. SF Shenoy, WSC Poston, RS Reeves, AG
Kazaks, RR Holt, HJ Chen, CK Haddock and ME Gershwin do not have any
financial interests to declare.

Received: 16 February 2010 Accepted: 17 September 2010
Published: 17 September 2010

References
1. Heimendinger J, Chapelsky D: The National 5 A Day for Better Health

Program. Adv Exp Med Biol 1996, 401:199-206.
2. Byers T: Dietary trends in the United States. Relevance to cancer

prevention. Cancer 1993, 72(3 Suppl):1015-1018.
3. He FJ, Nowson CA, Lucas M, MacGregor GA: Increased consumption of

fruit and vegetables is related to a reduced risk of coronary heart
disease: meta-analysis of cohort studies. J Hum Hypertens 2007,
21(9):717-728.

4. Nikolic M, Nikic D, Petrovic B: Fruit and vegetable intake and the risk for
developing coronary heart disease. Cent Eur J Public Health 2008,
16(1):17-20.

5. Trichopoulou A, Naska A, Antoniou A, Friel S, Trygg K, Turrini A: Vegetable
and fruit: the evidence in their favour and the public health perspective.
Int J Vitam Nutr Res 2003, 73(2):63-69.

6. Dietary guidelines for Americans, 2005. US Department of Health and
Human Services, US Department of Agriculture, 6 2005.

7. Casagrande SS, Wang Y, Anderson C, Gary TL: Have Americans increased
their fruit and vegetable intake? The trends between 1988 and 2002.
Am J Prev Med 2007, 32(4):257-263.

8. Yeh MC, Ickes SB, Lowenstein LM, Shuval K, Ammerman AS, Farris R,
Katz DL: Understanding barriers and facilitators of fruit and vegetable
consumption among a diverse multi-ethnic population in the USA.
Health Promot Int 2008, 23(1):42-51.

9. Azadbakht L, Mirmiran P, Esmaillzadeh A, Azizi T, Azizi F: Beneficial effects
of a Dietary Approaches to Stop Hypertension eating plan on features
of the metabolic syndrome. Diabetes Care 2005, 28(12):2823-2831.

10. Dixon H, Borland R, Segan C, Stafford H, Sindall C: Public reaction to
Victoria’s “2 Fruit ‘n’ 5 Veg Every Day” campaign and reported
consumption of fruit and vegetables. Prev Med 1998, 27(4):572-582.

11. Wang Y, Liang H, Tussing L, Braunschweig C, Caballero B, Flay B: Obesity
and related risk factors among low socio-economic status minority
students in Chicago. Public Health Nutr 2007, 10(9):927-938.

12. Bodor JN, Rose D, Farley TA, Swalm C, Scott SK: Neighbourhood fruit and
vegetable availability and consumption: the role of small food stores in
an urban environment. Public Health Nutr 2008, 11(4):413-420.

13. James DC, Rienzo BA, Frazee C: Using focus group interviews to
understand school meal choices. J Sch Health 1996, 66(4):128-131.

14. McGee BB, Richardson V, Johnson GS, Thornton A, Johnson C, Yadrick K,
Ndirangu M, Goolsby S, Watkins D, Simpson PM, et al: Perceptions of
factors influencing healthful food consumption behavior in the Lower
Mississippi Delta: focus group findings. J Nutr Educ Behav 2008,
40(2):102-109.

15. Erdman JW Jr, Balentine D, Arab L, Beecher G, Dwyer JT, Folts J, Harnly J,
Hollman P, Keen CL, Mazza G, et al: Flavonoids and heart health:
proceedings of the ILSI North America Flavonoids Workshop, May 31-
June 1, 2005, Washington, DC. J Nutr 2007, 137(3 Suppl 1):718S-737S.

16. Mink PJ, Scrafford CG, Barraj LM, Harnack L, Hong CP, Nettleton JA,
Jacobs DR Jr: Flavonoid intake and cardiovascular disease mortality: a
prospective study in postmenopausal women. Am J Clin Nutr 2007,
85(3):895-909.

17. Baranowski T, Watson K, Missaghian M, Broadfoot A, Cullen K, Nicklas T,
Fisher J, Baranowski J, O’Donnell S: Social support is a primary influence
on home fruit, 100% juice, and vegetable availability. J Am Diet Assoc
2008, 108(7):1231-1235.

18. Sacks FM, Obarzanek E, Windhauser MM, Svetkey LP, Vollmer WM,
McCullough M, Karanja N, Lin PH, Steele P, Proschan MA, et al: Rationale
and design of the Dietary Approaches to Stop Hypertension trial
(DASH). A multicenter controlled-feeding study of dietary patterns to
lower blood pressure. Ann Epidemiol 1995, 5(2):108-118.

19. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM,
Bray GA, Vogt TM, Cutler JA, Windhauser MM, et al: A clinical trial of the
effects of dietary patterns on blood pressure. DASH Collaborative
Research Group. N Engl J Med 1997, 336(16):1117-1124.

20. Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu FB:
Adherence to a DASH-style diet and risk of coronary heart disease and
stroke in women. Arch Intern Med 2008, 168(7):713-720.

21. Obarzanek E, Sacks FM, Vollmer WM, Bray GA, Miller ER, Lin PH, Karanja NM,
Most-Windhauser MM, Moore TJ, Swain JF, et al: Effects on blood lipids of
a blood pressure-lowering diet: the Dietary Approaches to Stop
Hypertension (DASH) Trial. Am J Clin Nutr 2001, 74(1):80-89.

22. Hadley CW, Clinton SK, Schwartz SJ: The consumption of processed
tomato products enhances plasma lycopene concentrations in
association with a reduced lipoprotein sensitivity to oxidative damage.
J Nutr 2003, 133(3):727-732.

23. Schroeter H, Heiss C, Balzer J, Kleinbongard P, Keen CL, Hollenberg NK,
Sies H, Kwik-Uribe C, Schmitz HH, Kelm M: (-)-Epicatechin mediates
beneficial effects of flavanol-rich cocoa on vascular function in humans.
Proc Natl Acad Sci USA 2006, 103(4):1024-1029.

24. Duffy SJ, Keaney JF Jr, Holbrook M, Gokce N, Swerdloff PL, Frei B, Vita JA:
Short- and long-term black tea consumption reverses endothelial
dysfunction in patients with coronary artery disease. Circulation 2001,
104(2):151-156.

25. Balzer J, Rassaf T, Heiss C, Kleinbongard P, Lauer T, Merx M, Heussen N,
Gross HB, Keen CL, Schroeter H, et al: Sustained benefits in vascular
function through flavanol-containing cocoa in medicated diabetic

Shenoy et al. Nutrition Journal 2010, 9:38
http://www.nutritionj.com/content/9/1/38

Page 10 of 11

http://www.ncbi.nlm.nih.gov/pubmed/8886138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8886138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8334652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8334652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17443205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17443205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17443205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18459474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18459474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12747212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12747212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17383556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17383556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9672951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9672951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9672951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17617930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17617930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17617930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8683946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8683946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18314086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18314086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18314086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17311968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17311968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17311968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17344514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17344514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18589035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18589035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7795829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7795829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7795829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7795829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9099655?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9099655?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9099655?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18413553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18413553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451721?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451721?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451721?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12612144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12612144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12612144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16418281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16418281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11447078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11447078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18510961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18510961?dopt=Abstract


patients a double-masked, randomized, controlled trial. J Am Coll Cardiol
2008, 51(22):2141-2149.

26. Inside the Pyramid–What foods are in the vegetable group?. US
Department of Health and Human Services, US Department of Agriculture
2005.

27. Your Guide to Lowering Your blood Pressure with DASH. US
Department of Health and Human Services 2006, NIH Publication No. 06-
4082.

28. Kawashima A, Madarame T, Koike H, Komatsu Y, Wise JA: Four week
supplementation with mixed fruit and vegetable juice concentrates
increased protective serum antioxidants and folate and decreased
plasma homocysteine in Japanese subjects. Asia Pac J Clin Nutr 2007,
16(3):411-421.

29. Kiefer I, Prock P, Lawrence C, Wise J, Bieger W, Bayer P, Rathmanner T,
Kunze M, Rieder A: Supplementation with mixed fruit and vegetable
juice concentrates increased serum antioxidants and folate in healthy
adults. J Am Coll Nutr 2004, 23(3):205-211.

30. Wang JF, Schramm DD, Holt RR, Ensunsa JL, Fraga CG, Schmitz HH,
Keen CL: A dose-response effect from chocolate consumption on plasma
epicatechin and oxidative damage. J Nutr 2000, 130(8S
Suppl):2115S-2119S.

31. Guenther PM, Dodd KW, Reedy J, Krebs-Smith SM: Most Americans eat
much less than recommended amounts of fruits and vegetables. J Am
Diet Assoc 2006, 106(9):1371-1379.

32. Shenoy SF, Walker SC, Reeves RS, Kazaks AG, Holt RR, Keen CL, Chen HJ,
Haddock CK, Winters BL, Khoo CSH, et al: Weight loss in individuals with
metabolic syndrome given DASH diet counseling when provided a low
sodium vegetable juice: a randomized controlled trial. Nutr J 2010, 9(8).

33. Caswell S, Anderson AS, Steele RJ: Diet and physical activity in patients
with colorectal adenomas: directions for intervention programmes.
J Hum Nutr Diet 2008.

34. Machefer G, Groussard C, Zouhal H, Vincent S, Youssef H, Faure H,
Malarde L, Gratas-Delamarche A: Nutritional and plasmatic antioxidant
vitamins status of ultra endurance athletes. J Am Coll Nutr 2007,
26(4):311-316.

35. Wolf RL, Lepore SJ, Vandergrift JL, Wetmore-Arkader L, McGinty E,
Pietrzak G, Yaroch AL: Knowledge, barriers, and stage of change as
correlates of fruit and vegetable consumption among urban and mostly
immigrant black men. J Am Diet Assoc 2008, 108(8):1315-1322.

36. Brownell KD, Cohen LR: Adherence to dietary regimens. 2: Components
of effective interventions. Behav Med 1995, 20(4):155-164.

37. Shaikh AR, Yaroch AL, Nebeling L, Yeh MC, Resnicow K: Psychosocial
predictors of fruit and vegetable consumption in adults a review of the
literature. Am J Prev Med 2008, 34(6):535-543.

38. Ashenden R, Silagy C, Weller D: A systematic review of the effectiveness
of promoting lifestyle change in general practice. Fam Pract 1997,
14(2):160-176.

39. Carcaise-Edinboro P, McClish D, Kracen AC, Bowen D, Fries E: Fruit and
vegetable dietary behavior in response to a low-intensity dietary
intervention: the rural physician cancer prevention project. J Rural Health
2008, 24(3):299-305.

40. Buller DB, Borland R, Woodall WG, Hall JR, Hines JM, Burris-Woodall P,
Cutter GR, Miller C, Balmford J, Starling R, et al: Randomized trials on
consider this, a tailored, internet-delivered smoking prevention program
for adolescents. Health Educ Behav 2008, 35(2):260-281.

41. Kloek GC, van Lenthe FJ, van Nierop PW, Koelen MA, Mackenbach JP:
Impact evaluation of a Dutch community intervention to improve
health-related behaviour in deprived neighbourhoods. Health Place 2006,
12(4):665-677.

42. Jago R, Baranowski T, Baranowski JC: Fruit and vegetable availability: a
micro environmental mediating variable? Public Health Nutr 2007,
10(7):681-689.

43. Claro RM, Carmo HC, Machado FM, Monteiro CA: [Income, food prices,
and participation of fruit and vegetables in the diet]. Rev Saude Publica
2007, 41(4):557-564.

44. Adrogue HJ, Madias NE: Sodium and potassium in the pathogenesis of
hypertension. N Engl J Med 2007, 356(19):1966-1978.

45. McCarron DA: The dietary guideline for sodium: should we shake it up?
Yes! Am J Clin Nutr 2000, 71(5):1013-1019.

46. Morris RC Jr, Schmidlin O, Frassetto LA, Sebastian A: Relationship and
interaction between sodium and potassium. J Am Coll Nutr 2006, 25(3
Suppl):262S-270S.

47. Geleijnse JM, Giltay EJ, Grobbee DE, Donders AR, Kok FJ: Blood pressure
response to fish oil supplementation: metaregression analysis of
randomized trials. J Hypertens 2002, 20(8):1493-1499.

48. Morris MC, Sacks F, Rosner B: Does fish oil lower blood pressure? A meta-
analysis of controlled trials. Circulation 1993, 88(2):523-533.

49. Svendsen M, Blomhoff R, Holme I, Tonstad S: The effect of an increased
intake of vegetables and fruit on weight loss, blood pressure and
antioxidant defense in subjects with sleep related breathing disorders.
Eur J Clin Nutr 2007, 61(11):1301-1311.

50. Chichili GR, Nohr D, Frank J, Flaccus A, Fraser PD, Enfissi EM, Biesalski HK:
Protective effects of tomato extract with elevated beta-carotene levels
on oxidative stress in ARPE-19 cells. Br J Nutr 2006, 96(4):643-649.

51. Piao XL, Kim HY, Yokozawa T, Lee YA, Piao XS, Cho EJ: Protective effects of
broccoli (Brassica oleracea) and its active components against radical-
induced oxidative damage. J Nutr Sci Vitaminol (Tokyo) 2005,
51(3):142-147.

52. Wu L, Noyan Ashraf MH, Facci M, Wang R, Paterson PG, Ferrie A,
Juurlink BH: Dietary approach to attenuate oxidative stress, hypertension,
and inflammation in the cardiovascular system. Proc Natl Acad Sci USA
2004, 101(18):7094-7099.

53. Frankel EN, Finley JW: How to standardize the multiplicity of methods to
evaluate natural antioxidants. J Agric Food Chem 2008, 56(13):4901-4908.

54. Koroliczuk A, Chibowski D, Beltowski J, Wojcicka G: Selected markers of
oxidative stress in rats with active Heymann nephritis. Med Sci Monit
2001, 7(3):369-376.

55. Lykkesfeldt J: Malondialdehyde as biomarker of oxidative damage to
lipids caused by smoking. Clin Chim Acta 2007, 380(1-2):50-58.

56. Orozco TJ, Wang JF, Keen CL: Chronic consumption of a flavanol- and
procyanindin-rich diet is associated with reduced levels of 8-hydroxy-2’-
deoxyguanosine in rat testes. J Nutr Biochem 2003, 14(2):104-110.

57. Thompson HJ, Heimendinger J, Gillette C, Sedlacek SM, Haegele A,
O’Neill C, Wolfe P: In vivo investigation of changes in biomarkers of
oxidative stress induced by plant food rich diets. J Agric Food Chem 2005,
53(15):6126-6132.

58. Schewe T, Steffen Y, Sies H: How do dietary flavanols improve vascular
function? A position paper. Arch Biochem Biophys 2008, 476(2):102-106.

59. Steffen Y, Schewe T, Sies H: (-)-Epicatechin elevates nitric oxide in
endothelial cells via inhibition of NADPH oxidase. Biochem Biophys Res
Commun 2007, 359(3):828-833.

60. Valtuena S, Pellegrini N, Franzini L, Bianchi MA, Ardigo D, Del Rio D, Piatti P,
Scazzina F, Zavaroni I, Brighenti F: Food selection based on total
antioxidant capacity can modify antioxidant intake, systemic
inflammation, and liver function without altering markers of oxidative
stress. Am J Clin Nutr 2008, 87(5):1290-1297.

doi:10.1186/1475-2891-9-38
Cite this article as: Shenoy et al.: The use of a commercial vegetable
juice as a practical means to increase vegetable intake: a randomized
controlled trial. Nutrition Journal 2010 9:38.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Shenoy et al. Nutrition Journal 2010, 9:38
http://www.nutritionj.com/content/9/1/38

Page 11 of 11

http://www.ncbi.nlm.nih.gov/pubmed/18510961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17704021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17704021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17704021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17704021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15190044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15190044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15190044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10917932?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10917932?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16963342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16963342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20178625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20178625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20178625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18631284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18631284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17906181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17906181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18656571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18656571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18656571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7620227?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7620227?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18471592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18471592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18471592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9137956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9137956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18643808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18643808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18643808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17114331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17114331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17114331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16253541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16253541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17589753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17589753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17494929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17494929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10799359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10799359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16772638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16772638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12172309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12172309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12172309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8339414?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8339414?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17268408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17268408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17268408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17010222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17010222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16161763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16161763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16161763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15103025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15103025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18553885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18553885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11386011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11386011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17336279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17336279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12667602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12667602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12667602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16029006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16029006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18358827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18358827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17560937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17560937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18469252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18469252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18469252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18469252?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial Registration

	Background
	Methods
	Study Population
	Design
	Data Collection and Measures
	Statistical Analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References



