ANTHOCYANIN AND GLUCOSINOLATE NUTRIENTS

AN EXPLORATION OF THE

MOLECULAR BASIS AND IMPACTAOF COLORFUL PHYTOCHEMICALS ON HUMAN HEALTH

Abstract: Can eating food of an assortment of colors help one stay healthy? In this study, a randomized con-
trolled trial helped evaluate the impact of a colorful diet on 8 healthy human adults (age 20-60) with similar
demographic and dietary backgrounds. One of the daily meals of the volunteers was substituted with a hand-
picked ration consisting of all colors of the rainbow in the form of a Rainbow Diet Pack (RDP). Fruits and vegeta-
bles were chosen based on the exclusive molecular structure and chemical composition of the most prevalent
phytonutrient(s) in each. RDP was administered daily to the intervention group (n=5) over a 10-wk interven-
tion period. Weight loss, waist circumference, hand grip strength, and stress levels were measured. Analyses re-
vealed that eating raspberries, oranges, carrots, broccoli, blueberries, and bananas balanced stress levels and led
to weight loss, but did not impact hand-grip strength, demonstrating the healthy outcomes of a colorful diet..
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INTRODUCTION
The idea that one should be eating healthy to stay healthy is not
a debate. Numerous studies show how particular foods indi-
vidualistically effect human health, but none thus far, to our
knowledge, have investigated about the combined impact of a
specific diet on the human body as a whole."” It is critical for us
to understand which kinds of things we should eat and the ways
in which their collective consumption will impact our bodies.
According to Dr. Thomas J. Carlson, a distinguished pediatrician
and ethnobotany researcher, choosing foods from every color
in the rainbow is the key to good health.® Each fruit and vegeta-
ble gets its natural color from the chemical composition of the
exclusive phytonutrient(s) in it.”

Interestingly, the presence of one molecule in one fruit/
vegetable does not necessarily reflect the same color in anoth-
er type of fresh produce. For instance, although the rich red
color in most red fruits and vegetables is naturally derived from
the phytonutrient lycopene, most berries such as strawberries
and raspberries do not contain lycopene. Instead, they contain
brightly colored chemicals called anthocyanins, which are made
in plants during ripening season through the joining of a mole-
cule of a sugar with a molecule of their colorless “anthocyanidin”

precursors.” Anthocyanins are also found in raspberries, which
are high in dietary fiber and vitamin C and have a low glycemic
index because they contain 6% fiber and only 4% sugar per total
weight.® Higher quantities of fiber in the fruit, when consumed,
helps lower the levels of low-density lipoprotein (LDL) or the
‘unhealthy’ cholesterol to enhance the functionality of our heart
and potentially induce weight loss.

The exact pigment that anthocyanins reflect is partly
dependent on the variance in acidity or alkalinity in differ-
ent plants. Because of the relatively high pH of the tissues in
blueberry plants, these chemicals turn blue in color during the
ripening process of the fruit.” Recent research in the Journal of
Nutrition suggests that the abundant antioxidant properties in
wild blueberries contributes to the reduction in the development
of such disorders as Alzheimer’s Dementia and cognitive loss.’
A type of antioxidants selectively found in yellow and orange
colored foods are called cryptoxanthins. In a study conducted by
Bovier et al., it is shown that the combination of the beta form of
these carotenoids with other sources of nutrients such as lutein
and zeaxanthin in carrots, oranges, and corn leads to improved
visual processing speed with regular consumption in young
healthy subjects.'® '
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While green produce mainly derives its pig-
mentation from chlorophyll, its white counterparts
get their natural color from anthoxanthins, flavonoid
pigments that exhibit antioxidant properties. Among
green fruits and vegetables, broccoli stands apart as
the most nutritious because of the special combi-
nation in which its 3 glucosinolate phytonutrients
(glucoraphanin, gluconasturtiian, and glucobrassicin)
are found. This “dynamic trio” makes what are called
Isothiocyanates (ITCs), the detox-regulating mole-
cules in broccoli that enhance vitamin A in the form
of beta-carotene.!" Many recent studies claim that the
antioxidants in ITCs not only regulate metabolism
and cholesterol levels when consumed but also act as
cancer chemopreventive phytochemicals.'"* Fruits
that are on the same level as broccoli with regards
to health in the white-produce family are bananas.
Japanese Scientists reveal that the high amounts of
vitamin B6, manganese, potassium and fiber in the
ripened versions of these fruits can help prevent high
blood pressure, protect against atherosclerosis, and
improve immunity levels in regular eaters."

Despite an enormous amount of scientific
knowledge and evidence for the overall beneficial
effect of a single fruit/vegetable and/or phytonutrient
at a time on human health, no study so far, to our
knowledge, has been able to conclusively link the va-
lidity of these claims to the whole human body. This
offers the opportunity for one to test the combined

-

impact of eating a colorful diet on humans through a
systematic study. The purpose of our investigation is
to apply a more holistic approach to the study of how
the human body is effected as a result of a diet that

is composed of all the colors of the rainbow. In other
words, in addition to exploring the individual food-
stuft’s role in improving health, we want to analyze
the outcome of the regular incorporation of a whole
pack of colorful foods into one’s meals. Consequently,
this study can serve to reveal the effect, if any, of a
continued and rigorous diet consisting of all colors

of the rainbow on the physical and mental health of a
randomized sample of the adult human population in
a given demographically comparable community.

METHODS
The current study is a small-scale secondary appli-
cation of some of the methods used in a previously
conducted study that has been reported elsewhere.'
The primary study used a randomized controlled trial
to compare the effect of daily consumption of probi-
otic (PY) versus low-fat (LY) conventional yogurt on
weight loss in healthy obese women; the outcomes
tested were changes in anthropometric measure-
ments (waist circumference and body weight). In our
study, we measured hand grip strength and stress lev-
els in addition to some of the parameters mentioned
that were tested in the primary study.

We created a Rainbow Diet Pack (RDP) that
consisted of the following fruits and/or vegetables
in the respective quantities: raspberry (3), orange
(1), baby carrots (4), corn (1/2 cob) broccoli floret
(3), blueberry (5), and banana (1). The choice of
each kind of fresh produce was based on the spe-
cific nutritional facts and molecular composition
of the phytonutrients in each (see introduction for
details). As per the personal choice of its members,
the intervention group (n=5) received daily adminis-
tration of RDP during a 10-wk intervention period.
Measurements were taken of both the study and the
control (n=3) groups twice: at baseline and at the end
of the intervention period. Our study design was in
accordance with the Declaration of Helsinki.
Participants

The external appearnece of
fruits and vegeatbles offer
insight to the photopigments
they carry.
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Flgure 1 Consort Diagram

Twenty-four (24) normally healthy human adult
(ages between 20 and 60) volunteers who belonged to the
same demographic identity and had similar dietary back-
grounds were recruited by word-of-mouth from the local
community of the student investigators and screened for
health. A total of eight (8) were chosen to participate.
Individuals were eligible for the study if they were non-
smokers, free of known disease, not allergic to items in
RDP, not taking medications and were identified as being
healthy according to the following criteria: body mass in-
dex (BMI) between 18.5 to 24.9 kg/m2 and a self-report
of no diseases/illnesses in the previous 6 months.
Randomization

A computerized random number generator
was used to assign individuals chosen to participate
to either the control or the intervention group. At the
end of the baseline screening, a message containing the
participant’s number assignments was sent via email to
the participants. Participants and the student investigator
were aware of group assignment during the intervention
phase. Participants were not aware of other participants
who have agreed to be in the study. Before analysis, the
primary investigator received an anonymized data set
and was no longer aware of group assignment post data
collection; no data can be traced back to the individual
participant.

CONTROL GROUP
Participants allocated to the control group received
standard advising and were allowed to continue their diet
ad libitum. Participants were not asked to consume RDP.
Pre- and post- intervention measurements were taken for
members in the control group.
Intervention Group

Participants allocated to the intervention group
received standardized nutritional support. One of the
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Figure 1. Screening, entroliment, randomization, follow-up of study particpants, RDP, Ranbow Diet Pack

daily meals of the volunteers in this group was substitut-
ed with a ration consisting of all colors of the rainbow in
the form of a Rainbow Diet Pack (RDP). RDP consists of
the following fruits and veggies in the respective quanti-
ties: raspberry (3), orange (1), baby carrots (4), corn (1/2
cob) broccoli floret (3), blueberry (5), and banana (1))
will be asked to be consumed by the intervention group
daily. A serving of RDP contains about 521 calories, 15 g
protein, 110.6 g carbohydrate, 95 mg sodium, 38 g sugar,
and 4 g fat.
Adherence

The interviews to recall daily adherence to RDP
were conducted by telephone around once per 4-wk
period. Participants had to keep a written record of their
RDP observance.

MONITERING ADHERANCE

DIETARY INTAKE

Dietary intake was recorded daily in a diary by members
of the intervention group during the 10-wk intervention
period.

OUTCOME PARAMETERS
All measurements were made at baseline and 10 weeks
after start of the intervention period.

ANTHROPOMETRIC MEASUREMENTS

Waist circumference and body weight were taken in
traditional way using measuring tape and weighing scale
and recorded at each measurement period for all partici-
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pants. Baseline height was used for subsequent calculations.
Hand Grip Strength.

Hand grip strength (kg) was measured using a hydrau-
lic hand dynamometer (Baseline, Fabrication Enterprises, Inc.,
Elmsford, NY) (15). Participants were asked to perform two force
trials with their non-dominant hand in a standing position and,
if not possible, from a seated position at individual comfort level.
The highest value was used. Participants were asked to keep track
of their personalized data.

Stress Levels

Both the Social Readjustment Rating Scale (SRRS) ques-
tionnaire and Hassles and Uplifts Test were emailed to all partici-
pants to assess their stress levels.'>!” Participants were required to
record their responses during both measurement periods. These
tests include questions that the participants were comfortable to
answer about personal health, relationship status, monetary com-
mitments and other potential stressors.

RESULTS
BASELINE CHARACTERISTICS
From 24 individuals who were interested in participating in the
study, 16 subjects were excluded because they did not meet the
health criteria. The remaining 8 subjects gave written consent,
and 5 subjects were randomly allocated to the intervention group
which was required to consume the RDP and 3 to the control
group, which was required to consume diet ad libitum. The RDP
subjects completed the 10-wk intervention program (62.5% of the
randomly assigned population, Figure 1).

After starting the intervention, no subjects dropped
out. At baseline, there were no statistically significant differences
in physical characteristics between the intervention groups or
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between those who completed or did not complete the study once
recruited (Table 1).

At baseline, 2 of 3 (66.7%) participants in the control
group and 1 of 5 (20%) in the intervention group had BMI less
than 20 kg/m2. Ten weeks after intervention, these values slightly
varied.

MONITORING ADHERENCE

Results on intake of RDP are shown in Table 2. Protein and
vitamin A, C, and D intake levels were significantly higher in the
intervention group than in the control group due to the contents
of RDP. Adherence to RDP was 100% according to written records
of each participant. All participants in the intervention group con-
sumed RDP, with a mean intake of 1 meal per day (target 1/day).
We tried contacting 62.5% of participants by telephone at least ev-
ery other week, with a mean of 5.8 contacts (target 6 contacts per
participant). Body Weight, BMI, and waist circumference. Body
weight, BMI, and waist circumference at baseline are presented in
Table 1.

Ten weeks after the program, body weight decreased
to 59.43 + 11.57 kg in the intervention group and 63 + 13.72 kg
in the control group. As shown in Table 2, there was significant
weight reduction in the intervention group after 10 wk of study

(mean difference in RDP was around -11.15 kg while that of con-
trol was around -2.89 kg).

BMI reduction in each group was in the expected direc-
tion with significant effects over 10 wk for both groups.

In both groups, waist circumference had decreased after 10 wk of
intervention. The waist circumference decline was around -5.06
cm in the RDP group while only around -0.6 cm in the ad libitum
diet group at 10 wk. This is a significant difference for the inter-



vention group when compared to the control group after 10 wk of
the intervention for waist circumference (Table 2).

HAND GRIP STRENGTH

Hand grip strength has not changed significantly from baseline
in the intervention or the control group. Mean increase in grip
strength was around 1.0 £ 6.7 kg in both the intervention group
and the control groups.

STRESS LEVELS

Stress levels changed significantly in the intervention and control
group. Mean increase in SRRS score was around 1 point in the
intervention group and a decrease of 2 points in the control group
(Table 2). The hassles to uplifts ratio increased significantly for
the RDP group, with an increase of 0.11 units. There was not a
significant improvement in the ratio for hassles to uplifts in the
control group.

DISCUSSION
The aim of this study was to assess the effects of eating a diet
consisting of all the colors of the rainbow in the form of an RDP
once a day on weight loss, stress levels, and other indexes of
health in normally healthy volunteers during a 10 wk intervention
program. We found that consumption of RDP as lunch may result
in positive changes in waist circumference, weight loss and stress
levels as measured during the program. This was despite finding
no significant differences in observed hand grip strength between
the study and control groups.

In spite of evidence for the beneficial effects of eating
various naturally colorful produce on obesity and health, to our
knowledge, this was the first randomized controlled trial that in-
vestigated the effect of consuming the RDP as a whole on weight
loss and stress levels in healthy human subjects. The present study
showed no significant difference in hand grip strength in this
observational study with lifestyle intervention.

Overall, a decline in anthropometric measurements and
cardiometabolic risk factors, including weight gain and high stress
levels was observed, to a degree that would be expected with an

energy-restricted diet intervention (20). The total weight and
waist circumference decreased to a significantly greater extent in
the RDP group than in the control group. Nevertheless, future
long-term trials are required to present evidence-based recom-
mendation regarding the beneficial effects of RDP on further
body profiles.

Finally, regarding the effects of RDP on hand-grip
strength, despite similar changes in HGS in both groups, the study
group presented slightly greater improvements in strength when
compared with the control group over 10 wk. However, further
comprehensive RCTs are necessary in order to institute a quantifi-
able implication of RDP consumption on carbohydrate absorption
because statistical differences have been seen.

There were some draw-backs to this study. Although the sam-
ple size of eight was enough to verify the statistically significant
effects on the fundamental outcomes, this number was not
representative of the general population as a whole, particularly
because it did not include individuals from dissimilar demo-
graphic and dietary backgrounds. Furthermore, the study was
of a relatively short duration (10 wk). Longer-term studies are
required to establish whether the effects can be sustained over a
longer period. This would require continued consumption of the
rainbow diet for a longer duration.

CONCLUSION
This study confirms and adds to the knowledge that a colorful diet
can induce a positive body profile with healthy weight loss and
balance stress levels in normally healthy adults. The association
between nutrition and physical and mental health among humans
is, as a consequence, linear. Ultimately, it is crucial to system-
atically maintain a colorful diet for at least one portion of daily
meals to improve overall nutritional and physical status.
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Characteristics Intervention Group (n=5)

Control Group (n=3)

Age, years 40.60 + 11.13*

Body weight, kg 70.58 + 11.69

Height, cm 174.95 + 13.39
BMI, kg/m’ 23+ 2.42
Waist Circumference, cm 80.26 + 6.38
Married, % 80

HGS, kg 48.26 + 10.07
SRRS Score 299 + 2.30

Hassles and Uplifis Ratio Uplifts: Hassles

0.76

37+ 14.80
65.89 + 13.67

176.78 + 5.28

2095+ 3

T OS5TES29,

67

44 +9.11

27951+ 5

Uplifts:Hassles

Table 1. Baseline Characteristics of

078 Participantst

TGroup Difference, P>0.05. HGS, hand grip strength, SRRS, social readjustment rating scale.

¥Mean + SD (all such values).
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8. “Nutrient data for raw raspberries,
USDA Nutrient Database, SR-21”. Conde

Intervention group(n=5) Control Group(n=3)

Nast. 2014.
9. Kay, Colin D., and Bruce J. Holub. The

Baseline Week 10 Baseline Week 10
Effect of Wild Blueberry (Vaccinium An-
Body weight, kg 7058+ 1169 5943 + 11.57 6589+ 1367 63+ 13.72 gustifolium) Consumption on Postpran-
dial Serum Antioxidant Status in Human
BMI, kg/m® 23 + 2.42 21+ 1.93 2095+ 3 19.05 + 3.11 Subjects. Br ] Nutr 88, 389-397 88 (n.d.):
Wtst Cirmforencs; o 80.26 + 6.38 00t 27,08 & 3,99 T 23(9);97 British Journal of Nutrition, May
HGS, kg 48.26 + 10.07 47 +9.88 44 +9.11 43 +8 10. Bovier, Emily R., and Billy R. Ham-
mond. “A Randomized Placebo-controlled
SRRS Score 299 +2.30 300 £2.15 279.51+5 277.50 + 7.1

Study on the Effects of Lutein and Zeaxan-
thin on Visual Processing Speed in Young
Healthy Subjects” Archives of Biochemis-

Hassles and Uplifis Ratio Uplifts:Hassles Uplifts:Hassles Uplifts:Hassles Uplifts:Hassles

0.76 0.87 0.78 0.80

fValues are mean + SDs. HGS, hand grip strength, SRRS, social readjustment rating scale.

Table 2. Anthropometric and psychological
measurements in RDP group and Ad Libi-
tum diet group before and after the 10-wk
interventiont

Spreyer for his immense encouragement
and help.
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