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Abstract

Dietary supplements are products which are intended to supple-
ment one’s diet and are not considered to be food. Especially food
synergy research has been investigating the entity of foods in their
complex natural form and composition for around 20 years.

By use of current in vitro methods we examined the beneficial
effects of a novel dietary supplement, named Food Synergy Booster,
on cultured cells. Moreover, the water- and lipid-soluble antioxidants
as well as the total antioxidant capacity of the dietary supplement
were examined by photochemiluminescence. The Food Synergy
Booster combines the greatest possible variety of natural vitamins,
minerals and trace elements in order to promote a synergistic effect.

The Food Synergy Booster exhibited a remarkable high total an-
tioxidant capacity of more than 38,300 pmol/100 g which was dis-
tributed in nearly equal parts for water-soluble and lipid-soluble anti-
oxidants. The basal cell metabolism of connective tissue fibroblasts
was increased very rapidly at test concentrations = 2.5 mg/ml. The
effect started just a few minutes after application of the Food Synergy
Booster and reached a maximum in the time range between 20 and
30 minutes. Thereafter, the stimulation slowly decreased, but was
still above the control value after 90 and 120 minutes. The activity
of superoxide anion radicals which were generated by an oxidative
burst of functional neutrophils was decreased in a dose-dependent
manner. At a test concentration of 2.5 mg/ml which is equivalent to a
single dosage of the Food Synergy Booster, the radical activity was
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decreased by about 35%. The maximum decrease in radical activi-
ty by more than 60% was achieved at the highest test concentration
of 5 mg/ml, which is equivalent to two single dosages.

According to our test results, the synergistic combination of ac-
tive ingredients of the Food Synergy Booster can be recommended
to improve and maintain physical performance and well-being in
vivo.

Keywords: Cell metabolism; Food synergy; Oxidative stress; Su-
peroxide anion radicals; Total antioxidant capacity

Introduction

Dietary supplements are products which are taken orally and
contain one or more ingredients such as vitamins, minerals, herbs or
amino acids and are intended to supplement one’s diet and are not
considered to be food. The use of dietary supplements among adults
has increased over the past 30 years not only in the United States,
but also in many highly industrialized countries of the world [1-3].
Currently, about half of adults in the United States report to use one
or more dietary supplements. The use of supplements is related to
an improved health situation and lifestyle choices [4]. Athletes use
dietary supplements as part of their regular training or competition
program [5]. Many beneficial health effects have also been described
for dietary supplements in the case of oxidative stress [6-8].

The latest area of nutritional research is food synergy research,
which has its origins in the United States. In contrast to previous ap-
proaches of medical research to isolate individual active substances
from food and to examine their effects on our body, the food synergy
research has been investigating the entity of foods in their complex
natural form and composition for around 20 years. It is the goal to ex-
amine how the phytochemicals as well as vitamins, minerals and trace
elements in the food really work together [9-13]. The novel Food Syn-
ergy Booster is based on this knowledge and combines the greatest
possible variety of natural vitamins, minerals and trace elements in
order to promote a synergistic effect.

In the present study we used current in vitro methods to investigate
the beneficial effects of the Food Synergy Booster in terms of antiox-
idant efficacy and stimulation of basal cell metabolism. Both features
complement one another, because an increased cell metabolism also
yields an increased generation of endogenous superoxide anion radi-
cals by the respiratory chain in mitochondria.

Materials and Methods
Food Synergy Booster

According to the information of the manufacturer and distribu-
tor of the Food Synergy Booster (Millivital GmbH, D-55232 Alzey,
Germany; homepage: www.millivital.de), the “phytochemicals in this
complex mixture of active ingredients are a real power combination”.
It contains 27 different fruit juice concentrates, 7 different vegetable
juices, 39 different herbal extracts and vitamin C [14,15]. The active
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ingredients were selected to act in a synergistic way to yield the best
possible bioavailability and efficacy. The liquid Food Synergy Boost-
er, batch no. L13003209, with an expiry date of September 30, 2021,
was examined in this study.

Recommended daily uptake and test concentrations

The recommended daily uptake for an adult person is 9 ml of pure
Food Synergy Booster or mixed in water. In times of increased ex-
ertion, the daily dosage can be increased to 9 ml twice a day. When
considering this daily uptake together with a (theoretical) complete
absorption and distribution of the active ingredients within 3.5 liters
of blood fluid, the calculated test concentrations are in the range be-
tween 2.5 and 5 mg/ml. Although the bioavailability of the active in-
gredients might vary, we used test concentrations covering this range
for cell biological experiments.

Photochemoluminescence measurement of antioxidant
capacity

The method used a PHOTOCHEM® (Analytik Jena, D-07745
Jena, Germany) which combines the very fast photochemical exci-
tation of radical formation with the highly sensitive luminometric
detection. The antioxidant capacity of individual substances and
complex substance mixtures can be measured and thus their ability to
inactivate free oxygen radicals.

Basically, the essential point of the measurement method is in the
1,000 times faster rate of the oxidative reactions compared to normal
conditions, which is caused by a photochemical excitation of the re-
acting molecules. Defined free superoxide anion radicals are gener-
ated in the measuring system using a specific dye. Free radicals are
detected by their reaction with a chemiluminogenic substance and the
measurement of the photons produced. In the presence of antioxidant
substances, the intensity of the photochemo luminescence is weak-
ened depending on the concentration. The water-soluble antioxidants
were measured and quantified separately from the lipid-soluble anti-
oxidants. The results are given in equivalent concentration units of
ascorbic acid for water-soluble substances [16] or vitamin E equiva-
lents (Trolox®) for lipid-soluble substances [17,18].

Basal energy metabolism of connective tissue fibroblasts

The experiments were conducted with connective tissue fibro-
blasts (cell line L-929, ACC-2; Leibniz Institute DSMZ - German
Collection for Microorganisms and Cell Cultures, Braunschweig,
Germany) and used in passages 109 to 110. The cells were routinely
cultured in RPMI 1640 culture medium with 10% growth mixture
and 0.5% gentamycin and incubated in an incubator at 37°C and an
atmosphere of 5% CO,and 95% air at almost 100% humidity.

For the experiments, connective tissue fibroblasts were seeded
from 80 to 90% confluent mass cultures at a cell density of 20,000
cells/well in 96-well plates (200 pl culture medium/well) and incu-
bated for 24 h to achieve cell attachment and metabolism. Then, cul-
ture medium was removed and a reaction mixture consisting of phos-
phate-buffered saline with calcium and magnesium, 5 mM glucose,
the different test concentrations of the Food Synergy Booster and the
tetrazolium dye WST-1 (Roche Diagnostics, Mannheimm Germany).
The cleavage of the dye is directly related to the activity of the basal
cellular metabolism, which also includes the generation of adenosine
triphosphate in mitochondria. The optical density was continuously

recorded by an Elisareader (BioTek SLx808 with software Gen 5
Version 3.00) as a differential wavelength measurement AOD = 450
minus 690 nm and analyzed with Microsoft Excel for the time interval
0 to 120 minutes. Three parallel experiments were conducted for this
study.

Generation of endogenous oxygen radicals by functional
neutrophils

Human promyelocytes (cell line HL-60, ACC-3, ECACC
98070106; Leibniz Institute DSMZ - German Collection for Microor-
ganisms and Cell Cultures, Braunschweig, Germany) were routinely
grown in RPMI 1640 with 10% growth mixture and 0.5% of genta-
mycin and incubated at 37°C in a humidified atmosphere of 5% CO,
and 95% air. Subcultures were differentiated to functional neutrophils
by the addition of 1.5% dimethylsulfoxide to the culture medium for
6 days. Then, cells are capable of undergoing an oxidative or respira-
tory burst upon phorbol ester stimulation [19,20].

After 6 days, cells were collected by centrifugation (5 min at 190 x
g), washed twice with phosphate-buffered saline by resuspending and
centrifugation and were finally resuspended in phosphate-buffered
saline with calcium and magnesium containing 10 mM glucose. Cell
suspensions were added to the reaction mixture consisting of the dif-
ferent concentrations of the Food Synergy Booster, phosphate-buff-
ered saline with 30 mM glucose, phorbol 12-myristate 13-acetate and
WST-1 as tetrazolium dye (all from Sigma-Aldrich, Deisenhofen,
Germany). As already described in detail previously, the course of
superoxide anion radical inactivation as produced by the stimulated
functional neutrophils was monitored by cleavage of the dye [21-24].
A differential measurement of the optical density at 450 minus 690
nm for 30 min at 37°C using a BioTek ELx 808 ELISA reader with
software Gen 5 Version 3.00 was undertaken. Three parallel experi-
ments were conducted for this study.

Statistical Analysis

Statistical analysis of the cell biological data was done by using
the parameter-free two-sided Wilcoxon-Mann-Whitney test and as-
sumed as significant at p < 0.05.

Results

In accordance with the statements of the manufacturer, the Food
Synergy Booster exhibited a remarkable total antioxidant capacity
which was about 50% for the water-soluble antioxidants and 50% for
the lipid-soluble antioxidants (Table 1). The total antioxidant capacity
was more than 38,300 umol/100 g. For comparison, the following
total antioxidant capacity values (each in pmol/100 g) were achieved
under the same experimental conditions: ginger - 28,000; marjoram -
9,100; red paprika - 4,200.

Water-soluble antioxidants Lipid-soluble antioxidants . .
Total antioxidant capacity

Ascorbic acid equivalents Vitamin E equivalents (Trolox®)

34.8 ng/mg = 18,612 pmol/100g | 47.63 pg/mg = 19,759 pmol/100 g | 82.43 pg/mg = 38,371 pmol/100 g

Table 1: Presentation of the total antioxidant capacity of the Food Synergy Booster.
Note that about 50% of the total antioxidant capacity is due to the water-soluble antiox-
idants and the remaining 50% to the lipid-soluble antioxidants.

The examination of the basal cell metabolism of connective tissue
fibroblasts showed that the addition of the Food Synergy Booster to
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the reaction mixture caused a very rapid and pronounced increase in
cellular metabolism at test concentrations > 2.5 mg/ml (Figure 1).
The maximum stimulation was a multiple of the control value for the
highest test concentration of 5 mg/ml. The effect started just a few
minutes after application of the Food Synergy Booster and reached a
maximum in the time range between 20 and 30 minutes. Thereafter
the stimulation slowly decreased; but was still above the control value
after 90 and 120 minutes. The difference to the control value for the
two highest test concentrations was highly significant for the time
range 10 to 30 min (p < 0.01). For the highest test concentration of 5
mg/ml, all time values up to 120 minutes differed significantly from
the control.

Figure 1: Increase of basal metabolism of cultivated connective tissue
cells with time after application of different concentrations of the Food
Synergy Booster to the reaction mixture. The untreated control (test con-
centration = 0 mg/ml) was set as 0%. A single dosage of the Food Synergy
Booster corresponds to a test concentration of 2.5 mg/ml with an assumed
absorption of 100%. Data represent mean value + standard deviation of 3
parallel experiments.

N J

As shown in figure 2, the activity of superoxide anion radicals
which were generated by an oxidative burst of the cells, was decreased
in a dose-dependent manner. Even at the lowest test concentration of
the Food Synergy Booster of 0.1 mg/ml, the decreased radical activity
was statistically significant (p < 0.05). At the test concentration of 2.5
mg/ml which is equivalent to a single dosage of the Food Synergy
Booster, the radical activity was decreased by almost 35% (p < 0.01).
The maximum decrease in radical activity by more than 60% was
achieved at the highest test concentration of 5 mg/ml which is equiv-
alent to two single dosages per day.

Discussion

Since many years it is well known that mitochondria play a cen-
tral role in the energy metabolism of cells, because they transform a
part of the energy derived from the oxidation of food into adenos-
ine triphosphate. A dietary supplement as tested here with such a

remarkable efficacy on cell metabolism in vitro should also increase
physical performance in vivo. This is one reason why it is called Food
Synergy Booster. However, an increased cellular metabolism and the
increased generation of adenosine triphosphate by the respiratory
chain in mitochondria also produces increased amounts of endog-
enous superoxide anion radicals, which are the precursors to other
highly reactive oxygen species such as hydrogen peroxide and hy-
droxyl radical [25].

Figure 2: Presentation of the measurement data for the activity of super-
oxide anion radicals in the reaction mixture. The untreated control (test
concentration = 0 mg/ml) was set as 100%. The dose-dependent decrease
of superoxide anion radical activity can be clearly seen. A single dosage
of the Food Synergy Booster corresponds to a test concentration of 2.5
mg/ml. For a better visualization of the dose-dependent efficacy of the
Food Synergy Booster, the calculated linear regression is also depicted.
Data represent mean value + standard deviation of 3 parallel experiments.

Reactive oxygen species are compounds that are naturally pro-
duced in the human body. They can possess positive effects (for ex-
ample on the immune system) or negative effects (for example lipids,
proteins or DNA oxidation and damage) [26-29]. To limit these un-
wanted and harmful effects, an organism has its antioxidant system.
This system consists of antioxidant enzymes such as superoxide dis-
mutase, catalase, glutathione peroxidase and non-enzymatic antioxi-
dants such as various vitamins [30]. An imbalance between endog-
enous radical generation and antioxidant defence leads to oxidative
stress, which may be involved in aging and in a number of pathologi-
cal processes [31-33].

The inactivation of endogenously generated superoxide anion rad-
icals is the second goal of the Food Synergy Booster. On one hand it
is able to increase cell metabolism very efficiently and on the other
hand it contains ingredients in form of phytochemical and vitamin
C which possess a synergistic effect and are able to inactivate the
resulting excess of reactive oxygen radicals circulating in the blood
[34,35]. However, it cannot be answered from our test results whether
the generation of superoxide anion radicals by the cells was inhibited
or the increased inactivation of radicals which were released into the
reaction mixture. Regardless of this consideration, the superoxide an-
ion radical concentration was reduced effectively. The effect is also
demonstrated by the high total antioxidant capacity as examined here
for the water-and lipid-soluble antioxidants of the dietary supplement.
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Besides this point, phagocytic cells such as polymorphonuclear neu-
trophils, are able migrate from the blood into the tissue and produce a
local overload of reactive oxygen radicals in the course of inflamma-
tory processes [31,36].

In conclusion, the Food Synergy Booster tested in this study has
clearly demonstrated its potential to increase basal energy metabo-
lism of connective tissue fibroblasts immediately after application.
Moreover, its total antioxidative capacity and its potential for the in-
activation of endogenously generated reactive oxygen species is very
prominent and helps to reduce oxidative stress. According to our test
results, the synergistic combination of active ingredients of the Food
Synergy Booster can be recommended to improve and maintain phys-
ical performance and well-being in vivo.
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