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Abstract:
The ageing process is influenced by increased oxidative stress, which causes
damage to cellular components, such as DNA, proteins and lipids. Many studies
claim that use of antioxidant might prevent intracellular oxidative damage
formation and thus decrease the incidence of age related diseases (cancer,
cardiovascular diseases, cataract...). The level of endogenous antioxidants cannot
be deliberately increased. However, the level of exogenous antioxidants intake
can be increased by consuming more fruit, vegetables or their juices, which are a
rich source of many different antioxidants. Today consumers are aware of a
healthy way of living, thus the antioxidant status of a product can be important
information in the decision of purchase.
We measured the antioxidant status in selected fruit juices and teas. Since each
exogenous antioxidant (vitamin C, E, beta carotene) prevents oxidation or
quenches free radicals by donating one electron or H-. For this reason the amount
of active H (H-) was determined as an indicator of the total antioxidant potential.
Besides, the intake of H- with natural products is better than with synthetic
ones, because fruits and vegetables contain many different antioxidants which
can regenerate each other. It was concluded that the total antioxidant potential,
measured as the relative amount of H- (partial H pressure), is a better indicator
of the antioxidant status of a specific food product, than the determination of
only one specific antioxidant, eg. vitamin C, E or beta carotene. The results
indicate significant differences in the rH level among different drinks. The highest
value of active hydrogen was determined in tomato juice, red grapes juice, carrot,
blackcurrant, nectar of strawberry, apple and grapes, orange juice, pineapple
juice, sour cherry nectar and blueberry tea. There is much active hydrogen also
in the pear nectar, apricot nectar, peach nectar, banana nectar, nectar made of
seven juices and five mashes, but these are with added synthetic antioxidants
(ascorbic acid) that contribute to the increased value of active hydrogen. The
antioxidant potential of teas is lower than the antioxidant potential of the majority
of juices. However, the portion of active hydrogen is in all selected beverages is
much larger than in potable water.
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Introduction
Currently, many researches are being conducted on vitamins mainly in
the two fields: in the field of the daily needs and recommended daily
intake of vitamins and minerals, and in the field of ageing prevention,
oxidative stress, cardiovascular diseases and cancer [1].
Antioxidants are substances that slower or prevent the oxidation of important cellular components in various ways. After the reaction with the
radicals antioxidants are transformed into more stable products or less
noxious radicals, which are not reactive enough to cause free radical
mediated chain reactions. Mostly, after the job is finished, antioxidants
are worn-out. Some (ex. vitamin C and vitamin E) renew and regenerate
in the oxidation-reduction processes.
Results of basic researches discovered an important role of vitamins in
the pathophysiology of diseases connected with oxidative stress [2,3]
such as: arteriosclerosis, hypertension, cataract, rheumatic arthritis,
malign diseases, Parkinson’s and Azheimer’s diseases [4-6]. Epidemiological studies determined a lower rate of cancer, heart and veinal diseases between persons that with food consumed higher quantities of
vitamins C, E and β-carotene. An increase of the serumal level of these
vitamins was noticed in these persons [7-9]. Until now, researches ascertained a lower break out of cancer, heart and veinal diseases only
between people that consume enough quantities of fruit and vegetables,
but not between people that consume supplements of vitamins [10].
The consumption of fruit and vegetables lowers the formation of free
radicals in the body and thus the induced oxidative lesions of the DNA,
meanwhile many studies show that only supplements of vitamins C, E
and beta carotene do not lower DNA lesions [11-15]. Researches confirm that is best if the protective substances (antioxidants and vitamins)
originate from food [16]. Positive effects of the protective substances
that originate from food are greater because of the synergic activity between individual antioxidant substances [16], nutritional fibrin and secondary vegetal substances in food, mainly in vegetables and fruit. Vitamin E can regenerate due to vitamin C, the later due to glutathione
[16,6]. If such regeneration does not occur, the oxidized versions of the
previously mentioned antioxidants can cause unwanted pro-oxidative
effects and damage in cells [6,16]. These unwanted effects can potentially occur with the excessive intake of an individual antioxidant.

Results of basic researches
discovered an important role
of vitamins in the
pathophysiology of diseases
connected with oxidative
stress such as:
arteriosclerosis, hypertension,
cataract, rheumatic arthritis,
malign diseases, Parkinson’s
and Azheimer’s diseases.

rH – indicator of hydrogen content
Every endogenous antioxidant neutralizes one free radical by donating one
electron or H– (Figure 1). With that purpose we selected, as an indicator
of antioxidant potential of drinks, the indicator of hydrogen content in a
biological environment expressed as partial pressure of hydrogen (rH or
rH2). rH is the “absolute indicator of the reductive potential” of a substance [17]. It shows the quantity of ions of active hydrogen in solutions, of either organic or inorganic origin. Levels of rH are mostly between 0 and 42. Level 42 means dissolved oxygen saturation rate,
when the level of rH is 1, it means that the substance is rich with hyInternational Journal of Sanitary Engineering Research
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Figure 1.
Active hydrogen. Hydrogen is the
smallest existing atom. Usually includes
one proton that composes the core and
one electron that circulates around it. In
particular circumstances the atom is
capable of retaining an extra electron. In
literature it is called “active” or “anion”
hydrogen, because it is the base of all
antioxidant processes in the body and it
is also called “antioxidant” hydrogen.

drogen. At this level there is no free oxygen left [17]. It is possible to
obtain lower or even negative levels of rH, which represents even greater concentrations of active hydrogen. The maximum level is 28, what is
above 28 means oxidization (predomination of oxidizing agents), while
levels below 28 mean reduction (predomination of reducing agents).
Biological environment must be in a reduced form, thus levels of rH in
biological liquids must contain greater values of hydrogen than oxygen,
therefore the level of rH must be considerably below 28. The increase
of rH of one unit namely means a 10 times lowering of the quantity of
active hydrogen ions [17].
The purpose of this research is to determine the share of active hydrogen in natural food sources-fruit juices and teas. For these reason a relatively simple, but sensitive method that quantifies the antioxidant capacity of beverages was introduced.

Methods
For the measurement of oxidation-reduction potential (ORP) and pH levels the simultaneous use of three instruments was performed: namely
Inolab WTW pH meter, HACH Sension pH meter, HACH Sension ORP
meter and Greisinger electronic ORP meter. All measurements were performed in a 100 mL cup, previously mixed, at room temperature 25 °C.
The final measured levels of pH and ORP were read in mV.
The criterion for the reaction capability of a compound are oxidization/
reduction potentials in mV. Reduction potential (also known as redox
potential, oxidation/reduction potential or ORP) is the tendency of a
chemical species to acquire electrons and thereby be reduced. Each
species has its own intrinsic reduction potential; the more positive the
potential, the greater the species’ affinity for electrons and tendency to
be reduced. pH of the solution is the criterion of concentration of free
positive hydrogen ions in the solution. The use of rH gives a hydrogen
proton-unbiased look at the absolute reducing potential of a compound,
eliminating the effect of pH in the ORP measurement. It is a true indi60
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cation of a compounds reduction potential capacity. The shifts in rH
can be used to quantify the reducing ability and energy reserves of the
compound. The rH level is the criterion for the state of reduction or oxidation in which is the compound, it is also the indicator of the probability that the compound will react with the free radical. The direct use of
pH and reduction potential measurements (ORP) gives an indication of
the probability of a compound to act as an antioxidant [21,22].

Nerst equation and rH
Because of the interaction of protons at the changes of pH oxidation-reduction potential may be biased by the pH and vice versa. For this reason the variation of Nernst equation (Equation 1) was used, which is an
effective way for measuring the reductive potential of a compound,
which is given by the level of rH. This is the logarithmic value and is the
criterion for absolute reductive potential.
(1)
Eh in the equation is the measured reductive potential (mV), F is the
Faraday constant (the charge per a mole of electrons), equal to
9.6485309·104 C mol–1, R is the universal gas constant, equal to 8.314510
J·K-1·mol–1 and T is the temperature in Kelvin. (Kelvin = 273.15 °C). The
value 1.23 in the equation is the potential of oxygen at one atmosphere
(101.235 kPa) 1.23 V higher than in the compound at the same pH.
The level of rH is explicitly defined as the negativelogarithm of oxygen
pressure, Po (equation 2).
rH = log P0

(2)

rH is the “absolute indicator of the reductive potential” of a substance
[17]. It shows then concentration of active hydrogen ions, rH can be
determined indirectly with the determination of ORP and pH. The formula for its reckon was already discovered in 1923 by Clark (18) (remodelled Nernsto’s equation), but only in later years it is gaining full
value at studying processes in living beings. Basically it is a complicated
logarithmic formula, but in practice (for measurements at 25 degrees
Celsius) a simplified formula is used (equation 3):
(3)

Results
18 fruit juices (with different fruit/vegetable intake) and 9 teas were
randomly chosen from the supermarket. Coffee was made from a public
automatic distributor. In all beverages the portion of active hydrogen
was determined.
The portion of active hydrogen is in all selected beverages much larger
than in potable water, which is between rH=29 and rH=39. This
International Journal of Sanitary Engineering Research
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Figure 2.
Schematic view of the portion of active
hydrogen in the chosen beverages.
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means that all beverages have an increased value of antioxidants comparing to potable water. However the shares of active hydrogen vary
significantly between singular beverages (Figure 2). This way we determined the highest value of active hydrogen in tomato juice, red grapes
juice, carrot, blackcurrant, nectar of strawberry, apple and grapes, orange juice, pineapple juice, sour cherry nectar and blueberry tea. There
is active hydrogen also in the pear nectar, apricot nectar, peach nectar,
banana nectar, nectar made of seven juices and five mashes, but these
are with added synthetic antioxidants (ascorbic acid) that contribute to
the increased value of active hydrogen. The antioxidant potential of teas
is lower than the antioxidant potential of the majority of juices, most
likely because of different temperatures at preparation process (90 °C
vs. pasteurisation). When preparing fruit juices, the pasteurization process is used for the process of heat treatment, with which pathogenic
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micro organisms are destroyed and enzymes are inactivated for a short
time at the temperature below 100 °C.
The level of rH is presented in a logarithmic scale, that means that both
apple juice and coffee (both rH = 21.5) have approximately the same
number of electrons in the equal unit of volume of the drink. One glass
of coffee (rH = 21.5) is, for the share of H–, almost equivalent to 10
glasses of green tea (rH = 22.7). One glass of sour cherry nectar is, for
the share of electrons, approximately equivalent to 100 glasses of blue–
berry nectar. All juices and teas have a considerably higher share of H
than the ordinary water from the waterworks.

Discussion and conclusions
In current times due to our lifestyle, industrial pollution, climatic changes, overpopulation, countless vehicles, increased UV-radiation because
of ozone layer depletion, cigarette smoke, infections, unhealthy way of
living – human population is constantly exposed to free radical formation and all this causes increased “oxidative stress” in our bodies and
related diseases in the population. The most frequent cause for oxidative stress formation is certainly cigarette smoke, which causes degenerative diseases and premature death.

A healthy adult person does
not need additional vitamin
and mineral supplements if he
eats varied diverse food with
a sufficient energy intake.

A healthy adult person does not need additional vitamin and mineral supplements if he eats varied diverse food with a sufficient energy intake.
However present ways of processing food led to a point where food products are impoverished of minerals and vitamins. Due to intense farming,
soil is lacking minerals, because of transport fruit is picked up unripe,
however it is known that antioxidants synthesize only at ripening [6], because plants use them to protect from the environmental effects (UV-radiation), diseases, pest and other stressful factors [23]. Furthermore, fruit
is sprayed with pesticides that can extinguish the beneficent characteristics of protective substances in fruit. Unsuitable mechanical preparation
and heat treatment can greatly decrease the nutritive value of a food
product and affect the change of antioxidant potential of food [24]. The
majority of Slovenians do not daily consume five portions of fruit and vegetables. Data from the research “Risk factors for contagious diseases between adult residents of Slovenia“ [25] show that 31.6 % of adults in
Slovenia do not eat vegetables daily and 43.0 % do not eat fruit daily.
21.9 % of the inquired in this research, eat vegetables several times a
day and 31.1 % eat fruit several times a day.
All this states are in favour of additional intake of minerals and vitamins,
which can be accomplished with increased regular consumption of fresh
and raw fruit and vegetables and their juices. It has to be realized that
the use of synthetic vitamin supplements is not an alternative to regular
consumption of fruit and vegetables. Fruit contains thousands of compounds with unknown effects on health. Probably many antioxidants
are still undiscovered, furthermore the combination of antioxidants in
fruit and vegetables is optimal, as it causes their reciprocal regeneration
and consecutively intensifies their defence from free radicals. Compared
to vitamin and mineral supplements the advantage of consuming natuInternational Journal of Sanitary Engineering Research
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ral food products is in their complex and balanced content of macro
and micro nutrients that enable a harmonious effect of separate active
substances and consecutively less probabilities for over consumption of
active components [24].
Since endogenous free radical formation cannot be deliberately increased, all we can do is increase the level of exogenous antioxidant
protection of our bodies by intake of antioxidants from food, namely
fruit, vegetable and their juices and teas. In the present analyze we confirmed increased amount of active H in all drinks tested as compared to
potable water; with great difference between particular type of drink.
The highest value of active hydrogen was in tomato juice, red grapes
juice, carrot, blackcurrant, nectar of strawberry, apple and grapes, orange juice, pineapple juice, sour cherry nectar and blueberry tea. However, the greatest amount of active H was still in the two freshly prepared juices tested – orange juice (rH = 13.8) and pineapple juice
(rH = 16.7) indicating that by industrial juice preparation and during
the storage some antioxidant potential is lost.
It is evident that the antioxidant potential of a drink is useful and important information for consumers and should be written on the product
label.

Acknowledgements
Author is thankful to dr. Vlado Barbič for help with ORP electrode measurement and to doc. dr. Iztok Ostan for suggestions about manuscript
content.

References
[1]

Bradamante V. Mjesto I uloga vitamina u životu suvremenog čovjeka. Medicus 2002; 11: 101-111.

[2]

Abbey M, Nestel P, Bahurst P.A. Antioxidant vitamins
and low-density-lipoprotein oxidation. The American
journal of clinical nutrition 1993; 58: 525-32.

[3]

Emmert DK, Kirchner JT. The role of vitamin E in the
prevention of heart disease. Archives of family medicine 1999; 8: 537-42.

[4]

Brown SE, Ferrante RJ, Flint Beal M. Oxidative stress
in Huntington disease. Brain Pathology 1999, 9:
147-63.

[5]

Love S, Jenner P. Oxidative stress in neurological disease. Brain Pathology 1999; 9:119-31.

[6]

Halliwell B, Gutteridge J. Free radicals in biology and
medicine. 3nd edition. Oxford: Clarendon Press,
1999: 936 pp.

[7]

Carr AC, Frei B. Toward a new recommended dietary
allowance for vitamin C based on antioxidant and
death in humans. The American journal of clinical
nutrition 1999; 69: 1086-107.

[8]

64

Gey K.F. 1993. Prospects for the prevention of free
radical disease, regarding cancer and cardiovascular
disease. British medical bulletin, 49: 679-99.

[9]

Gey KF, Puska P. Plasma vitamins E and A inversly
correlated to mortality from ischemic heart disease
in cross-cultural epidemiology. Annals of the New
York Academy of Sciences 1989; 570: 268-82.

[10] Halliwell B. The antioxidant paradox. Lancet 2000;
355: 1179-80.
[11] Deng XS, Tuo J, Poulsen HE, Loft S. Prevention of
oxidative DNA damage in rats by Brussels sprouts.
Free Radical Research 1998; 25: 323-33.
[12] Rehman A, Bourne LC, Halliwell B, Rice-Evans CA.
Tomato consumption modulates oxidative DNA damage in humans. Biochemical and biophysical research communications 1999; 262: 828-31.
[13] Prieme H, Loft S, Nyssonen K, Salonen JT, Poulsen
HE. No effect of supplementation with vitamin E,
ascorbic acid or coenzyme Q on oxidative DNA damage estimated by 8-oxo-7,8-dihydro-2-deoxyguanosine excretion in smokers. The American journal of
clinical nutrition 1997; 65: 503-07.
[14] Beatty ER, England TG, Geissler CA, Aruoma OI,
Halliwell B. Effects of antioxidant vitamin supplementation on markers of DNA damage and plasma
antioxidants. The Proceedings of the Nutrition Society 1999; 58: 44.

© Inštitut za sanitarno inženirstvo, 2008.

The amount of active hydrogen in selected juices and teas on the Slovenian market  Poljšak B

[15] Rehman A, Collins SS, Yang M, Kelly M, Diplock AT,
Halliwell B, Rice-Evans C. The effects of iron and vitamin C co-supplementation on oxidative damage to
DNA in healthy volunteers, Biochemical and biophysical research communications 1998; 246: 293298.
[16] Rietjens I, Boersma M, de Haan L. The pro-oxidant
chemistry of the natural antioxidants vitamin C,
vitamin E, carotenoids and flavonoids. Environmental Toxicology and Pharmacology 2001; 11:
321-333.
[17] Stephanson, Flanagan. Magnesium Activated Hydrogen Ions and Biological Activity: Empirical Analyses
and Clinical Study. – to be published
[18] Clark W. Mansfield: Studies on oxidation-reduction:
II. An analysis of the theoretical relations between
reduction potentials and pH. – Public health reports
1923; 38: 666-683.
[19] Mattson M. The search for energy: a driving force in
evolution and aging. V: Mattson M (editor). Energy
metabolism and Lifespan Determination. Advances
in cell aging and gerontology 2003; 14: 5.

[20] Poljšak B, Erjavec M, Likar K, Pandel Mikuš R. Uporaba vitamiskih dodatkov v prehrani. Obzornik
zdravstvene nege 2006; 40.
[21] Stephanson J, Stphanson A, Flanagan P. Antioxidant
capacity and efficancy of Mega-H silica hydride, an
antioxidant dietary supplement, by In Vitro cellular
analysis using photosensitation and fluorescence detection. Journal of medicinal food 2002; 5: 9-16.
[22] Stephanson C, Stephanson A, Flanagan P. Evaluation
of hydroxyl radical scavenging abilities of silica hydride. Journal of medicinal food 2003; 6: 249-253.
[23]	Kreft I, Škrabanja V, Bonafaccia G. Temelji prehranskih in biotskih vplivov antioksidantov. In: Antioksidanti v živilstvu. 20. Bitenčevi dnevi. Portorož:
Biotehniška fakulteta, 2000.
[24] Hribar J, Simčič M. Antioksidanti v sadju in vrtninah.
Antioksidanti v živilstvu. 20. Bitenčevi dnevi. Porto
rož: Biotehniška fakulteta, 2000.
[25] Zaletel-Kragelj L, Fras Z, Maučec-Zakotnik J. (ured).
Tvegana vedenja, povezana z zdravjem in nekatera
zdravstvena stanja pri odraslih prebivalcih Slovenije.
Ljubljana, CINDI Slovenija, 2002.

International Journal of Sanitary Engineering Research

Vol. 2  No. 1/2008

65

