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ANTIOXIDANT ACTIVITY OF POTATO JUICE"
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ABSTRACT

Background. The interest in potato juice as a therapeutic agent goes back to the 19" century but its applica-
tion was not supported by any knowledge about biological activity of this raw material. Factors restricting
the medical application of potato juice include its inattractive sensory and functional properties. The aim of
the presented investigations was preliminary evaluation of the biological activity of potato juice and the im-
pact on it of some technological operations such as: cryoconcentration and hydrolysis in a membrane reactor.
Material and methods. Experiments comprised investigations of antioxidative potentials of fresh potato
juice, products of its processing as well as fractions separated because of the size of their molecules using, for
this purpose, Folin-Ciocalteu methods and reactions with the ABTS cation radical.

Results. The value of the antioxidative potential of fresh potato juice determined by means of the ABTS
reagent corresponded to approximately 330 umol/100 g which is in keeping with literature data. As a result
of the cryoconcentration process, the value determined by the Folin-Ciocalteu method was found to increase
only slightly whereas the value determined by means of the ABTS reagent almost tripled. The antioxidative
potential was found to grow even more strongly in the case of the application of both methods when the
process of enzymatic hydrolysis was employed. The total of 5 protein fractions of molecular masses rang-
ing from 11 000 Da to over 600 000 Da, as well as an organic non-protein fraction of the molecular mass of
600 Da, were obtained as a result of the performed separation. All the examined fractions exhibited antioxi-
dative activities. The highest values determined by the Folin-Ciocalteu method were recorded for the protein
fraction of 80 000 Da mean molecular mass, while using the ABTS reagent — for the organic, non-protein
fraction.

Conclusions. Potato juice possesses antioxidative activity which can be enhanced by means of processing,
especially, in the course of enzymatic hydrolysis. In addition, it was demonstrated that the organic non-
protein fraction of 600 Da mean molecular mass was characterised by the highest antioxidative activity.
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INTRODUCTION

Potato juice is a waste product which is obtained in
the course of manufacture of potato starch. The juice
is made up of both minerals (about 1%), as well as or-
ganic (4%) substances, primarily, of protein character

(2%). The non-protein organic substances comprise
mainly vitamins (B, B,, B, PP, C and E), as well as
antinutritional (phytates) or even toxic (glycoalka-
loids) substances [Gumul et al. 2011, Lachman et al.
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2006]. Concentration levels of individual potato juice
constituents can vary even by five orders of magni-
tude depending on the potato variety and cultivation
conditions [Lachman et al. 2009, Hamouz et al. 2008]
as exemplified by literature data in which the con-
tent of solanine is reported to range from 0.001-47.2
mg-100 g' [Burlingame et al. 2009]. Although the use-
fulness of potato juice in the treatment of gastric ulcer
has been recognised since the end of the 19" century,
nevertheless first scientific investigations assessing its
biological activity were initiated only during the last
decade [Vlachojannis et al. 2010]. Presently, it is be-
lieved that the observed physiological action of potato
juice is associated mainly with substances of protein
nature, especially, with protease inhibitors [Pouvreau
et al. 2001, Ruseler-van Embden et al. 2004]. Major
concerns, however, arise from the presence in potato
juice of compounds of glycoalkaloid nature, primarily,
solanine and chaconine [Korpan et al. 2004]. That is
why, in industrial practice, potato juice is processed
by way of acid-thermal coagulation into protein feed
concentrate and the primary objective of such a treat-
ment is to reduce the load on sewage [Lubiewski et al.
2006].

Enzymatic hydrolysis of proteins is a process em-
ployed mainly to improve their functional properties.
The degree of protein hydrolysis exerts a significant
influence not only on their organoleptic features but,
equally importantly, on their salubrious value (e.g. an-
tioxidative potential, ability to bind bioelements) [Bil-
ska et al. 2009, Je et al. 2007]. An attempt to employ
a membrane reactor for protein hydrolysis (a standard
procedure used for saccharification of initially hydro-
lysed starch, for example) was made only recently
in order to reduce its allergenicity and increase its
solubility [Prevot-D’Alvise 2004].

The objective of the research project was to per-
form preliminary assessment of the biological activ-
ity of potato juice and the impact exerted on this juice
by some technological operations bearing in mind the
fact that its food utilisation is hindered not only by am-
biguities associated with its biological activity but also
by its uninviting sensory and functional properties.
The scope of the performed experiments comprised
investigations of the antioxidative activities (using for
this purpose Folin-Ciocalteu methods as well as reac-
tions with the ABTS cation radical of both fresh juice
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as well as juice subjected to processes of cryoconcen-
tration and hydrolysis in a membrane reactor.

MATERIAL AND METHODS

The experimental material was potato juice col-
lected from the production line of the Wielkopolska
Potato Industry Enterprise in Lubon (Production Plant
in Staw) in the course of 2010 potato processing cam-
paign. Fresh potato juice of 6°Brix general extract was
concentrated by the cryoconcentration method using
for this purpose a Freeze Tec Company Pilot20L de-
vice (the Netherlands) and as a result obtaining, from
the total of 200 1 of fresh juice, 40 | of concentrate
extract of 30.5°Brix concentration.

The hydrolysis of fresh potato juice, as well as the
product of its concentration was conducted in a mem-
brane reactor equipped with a ceramic ultra filtration
pipe with a cut-off point of 5 kDa and 0.2 m? surface.
The installation consisted of a reaction container of
20 dm?® volume (New Brunswick Scientific Co., Inc.
USA) manufactured from acid-resistant steel, heat ex-
changer, thermostat (Haake, Germany), lobar pump
(Johnoson, USA) and a ceramic ultra filtration mem-
brane, cut-off point: 50 kDa. The process of hydroly-
sis was catalysed with the assistance of an Alcalase
2.4L FG (Novozymes) preparation which is an en-
dopeptidase manufactured by a strain of Bacillus li-
cheniformis and was carried out in conditions optimal
for the activity of the enzymatic preparation applied
in the experiment (pH = 8.0 £0.7, T = 30°C). Differ-
ent doses of the enzymatic preparation were applied
and transmembrane pressure was changed during

Table 1. Enzymatic hydrolyses parameters

Dry matter content Transmembrane  Enzyme

Sample of the raw material pressure doses

% MPa ul-g!
S1 5.5 2 4
S2 5.5 1.5 4
S3 5.5 2 8
K1 24.2 2 8
K2 24.2 3 8
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the performed experiment. Parameters of experimen-
tal hydrolyses are collated in Table 1.

Determination of the dry matter content was car-
ried out in three replications at the temperature of
105°C using the gravimetric method in accordance
with the PN-75/C-04616.01 standard. Determination
of hydrolisate dry matter content was conducted for
samples collected on the 210" minute of the hydroly-
Sis process.

Protein content was determined by Kjeldahl’s
method in accordance with the ISO 5378 standard by
burning the examined samples at the temperature of
420°C in a Digeston furnace (Tecator, Canada) and
then distilling the obtained sample in a Kjelteck ap-
paratus (Tecator, Canada).

The antioxidative activity was assessed against
the ABTS radical (2,2’-azinobis-(3-ethylbenzothia-
zoline-6-sulfonic acid) in accordance with the meth-
od described by Re et al. [1999] and expressed in
Trolox pmols per 1 g of dry matter of the examined
material.

The content of compounds was determined by
the Folin-Ciocalteu method [Fang et al. 2006] and
expressed as an equivalent of the chlorogenic acid
(CAE) per 1 g of dry matter. The determination of
the hydrolisate antioxidative activity was performed
for samples collected on the 210™ minute of the pro-
cess. The collected data has been shown as arithmetic
means £SD (n=9).

RESULTS AND DISCUSSION

Proper functioning of living organisms is precon-
ditioned, among others, by ensuring a delicate bal-
ance between the creation and elimination of oxygen
reactive forms (indispensible in certain metabolic
processes). In other words, it is essential to maintain
a pro-oxidative — antioxidative balance [Alamdari
et al. 2007]. Violation of this balance in favour of pro-
oxidative factors is known as an oxidation stress and
is believed to be a cause of a number of diseases. They
can be prevented thanks to the consumption of food
articles characterised by high antioxidative potentials
[Przeciwutleniacze... 2007]. However, such measures
should be preceded both by the assessment of the con-
tent of bioactive substances and by precise evaluation
of individual requirements of a given organism for
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these types of substances [Alamdari et al. 2007]. Due
to their different structure, mode of action as well as
mutual interactions, investigations of general antioxi-
dative potentials are considered to be the most advan-
tageous but no single binding standard has been agreed
upon and several different ones are employed each of
which has its own limitations [Prior and Cao 1999].
The following two methods were employed in the pre-
sented investigations: application of the ABTS reagent
[2,2’-azobis(3-etylobenzotiazolino-6-sulfoniane)] and
Folin-Ciocalteu reagent (CAE). The determined val-
ues for fresh juice (Figs 1 and 2) amounted to: 26.56
+0.42 mg-g"' DM (CAE) and 0.0663 £0.001 mmol-g!
DM (ABTS). Bearing in mind the fact that the dry mat-
ter of potato juice constitutes about 5% g/g, the value

K1 K2

Fig. 1. Values of the antioxidative potential of fresh juice
and of processed products determined using Folin-Ciocalteu

method
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concen-
trate
Fig. 2. Values of the antioxidative potential of fresh juice
and of processed products determined using the method uti-
lising the ABTS reagent
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of the antioxidative potential determined by means of
the ABTS reagent corresponded to approximately 330
umol-100 g! which is in keeping with literature data.
According to Burlingame et al. [2009], fresh potatoes
are characterised by antioxidative potential ranging
from 43-892 pug TEAC-g"! of fresh matter which cor-
responds to 17-356 umol-100 g fresh matter. These
values are considerably lower in comparison with
berry fruits or cabbage but of similar order as some
vegetables, e.g. cucumbers or carrots.

As a result of the cryoconcentration process, the
value determined by the Folin-Ciocalteu method was
found to increase only slightly to the level of 26.42
+0.96 mg-ml' (CAE), whereas the value determined
by means of the ABTS reagent almost tripled reach-
ing the level of 0.1681 +0.018 mmol-ml' (ABTS).
Since the determinations refer to the dry matter of
the examined material, the recorded enhanced values
of the antioxidative potential should be attributed to
a change in the concentrate composition in relation to
the raw material. This implies that, in the course of the
cryoconcentration process, compounds exhibiting an-
tioxidative activity in the experiment with the ABTS
reagent were selectively seized. This, however, was
not associated with a change in the content of protein
substances because both in fresh juice, as well as in
the concentrate, the proportion of the protein fraction
amounted to about 50% (Table 2).

Table 2. Physicochemical characteristics of raw materials
subjected to hydrolysis and of filtrates collected on the 210™
minute of the process

Dry matter Protein Protein
Sample content of the content in the content in the
P raw material fest matter dry matter

% % %
Fresh juice 5.5 2.8 51
Concentrate 24.7 12.3 50
S1 3.7 0.8 22
S2 2.6 0.8 31
S3 2.75 0.8 29
K1 14.9 43 29
K2 14.3 7.1 50
178

The antioxidative potential was found to grow
even more strongly in the case of the application of
both methods when the process of enzymatic hydroly-
sis was employed (Figs 1 and 2). These results are in
keeping with literature data indicating a possibility of
increased antioxidative activity with the assistance of
controlled enzymatic hydrolysis [Mendis et al. 2005,
Je et al. 2007]. However, it is worth stressing that the
percentage proportion of protein in the hydrolysis
products was lower than in fresh juice (Table 2). In the
case of the results obtained using the Folin-Ciocalteu
method, the highest activity was recorded for products
of the fresh juice hydrolysis carried out at the lowest
transmembrane pressure (S2). On the other hand, in
the case of the results obtained using the ABTS rea-
gent, the highest activity was recorded for the hydroly-
sis products of fresh juice performed at increased en-
zyme dose (S3). Both fresh juice hydrolysis products
of enhanced antioxidative activity contained more
protein than S1 products (Table 2).

Hydrolysis products of the cryo-concentrate exhib-
ited a slightly elevated antioxidative activity in com-
parison with the concentrate itself but the differences
were not so spectacular as in the case of the hydrolysis
products of the juice alone. In addition, the difference
between antioxidative properties of K1 and K2 prod-
ucts was, practically, negligible (Figs 1 and 2) despite
the fact that they were obtained at different transmem-
brane pressure (Table 1) and, in addition, contained
significantly different quantity of protein fraction (Ta-
ble 2).

In order to identify substances responsible for po-
tato juice biological activity, the experimental raw
material was separated using the method of gel per-
meation chromatography and its results are presented
in Figure 3. Investigations were conducted on potato
juice previously concentrated during a cryoconcentra-
tion process due to the fact that fractions obtained in
the result of separation of fresh juice contained insuf-
ficient quantities of dry matter to allow successive
analyses.

The total of 5 protein fractions of molecular masses
ranging from 11 000 Da to over 600 000 Da, as well as
an organic non-protein fraction of the molecular mass
of 600 Da were obtained in the result of the performed
separation.

www.food.actapol.net/
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All the examined fractions exhibited antioxidative
activities. The highest values determined by the Folin-
Ciocalteu method were recorded for the protein fraction
of 80 000 Da mean molecular mass, while using the
ABTS reagent — for the organic, non-protein fraction
(Figs 4 and 5). It should be emphasised that the antioxi-
dative activity of the latter fraction exceeded majority
of protein fractions also when it was analysed with the
assistance of the Folin-Ciocalteu method (Fig. 4).

The observed differences in values of the antioxi-
dative potential determined using different methods
should be attributed to the limitations of each of these
methods. The Folin-Ciocalteu method was developed
to determine the content of polyphenolic compounds
utilising the colour reaction taking place between
polyphenols contained in a given sample and the F-C
reagent. However, this reagent also reacts with other
organic substances such as: organic acids, sugars, aro-
matic and inorganic amines, e.g. ammonium sulphate,
sodium phosphate [Zhang et al. 2006, Yu and Dahl-
gren 2000]. Also the method which utilises the ABTS
reagent, although in theory should make it possible to
establish the total antioxidative activity, in practice is
not free of making interpretational errors. The limita-
tion of this method is the fact that the ABTS reagent,
in combination with flavonoids, develops strong an-
tioxidative complexes leading to the determination
of overestimated values of the antioxidative potential
[Arts et al. 2004].

Irrespective of the limitations of both analytical
methods, it should be emphasised that the non-protein
fraction is a key fraction for the biological activity of
potato juice. This confirmed the need to continue in-
vestigations on this raw material employing more dif-
ferentiating methods, for example using cell cultures.

CONCLUSIONS

Fresh potato juice exhibits antioxidative activities
at levels similar to some vegetable, e.g. cucumbers or
carrots, although:

* potato juice antioxidative activity can be enhanced
by processing, especially in the course of enzymat-
ic hydrolysis

* six main fractions can be distinguished in potato
juice differing with respect to their molecular
mass, five of which are proteins

www.food.actapol.net/
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+ organic non-protein fraction of the mean molecular
mass of 600 Da is characterised by the highest an-
tioxidative activity.
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AKTYWNOSC PRZECIWUTLENIAJACA SOKU ZIEMNIACZANEGO

STRESZCZENIE

Wstep. Zainteresowanie sokiem ziemniaka jako $rodkiem leczniczym sigga XIX wieku, ale jego stosowa-
nie nie bylo poparte wiedza na temat biologicznej aktywnoS$ci tego surowca. Ograniczeniem leczniczego
wykorzystania soku ziemniaczanego sg rowniez jego nieatrakcyjne wlasciwosci sensoryczne i funkcjonalne.
Celem pracy byla wstepna ocena aktywnosci biologicznej soku ziemniaczanego oraz wplywu na nig niekto-
rych operacji technologicznych takich, jak kriokoncentracja i hydroliza w reaktorze membranowym.
Materiat i metody. Badano potencjal antyoksydacyjny $wiezego soku, produktéw jego przetwoérstwa, jak
rowniez frakeji rozdzielonych ze wzgledu na wielko$¢ czasteczek metodami Folina-Ciocalteu oraz z wyko-
rzystaniem reakcji z kationorodnikiem ABTS.

Wyniki. Warto$¢ potencjatu antyoksydacyjnego oznaczona za pomoca odczynnika ABTS odpowiada
ok. 330 pmol/100 g, co jest zgodne z danymi literaturowymi. W wyniku procesu kriokoncetracji warto$¢
oznaczona metoda Folina-Ciocalteu ulegta bardzo niewielkiemu podwyzszaniu, natomiast warto$¢ oznaczo-
na za pomoca odczynnika ABTS ulegta nieomalze potrojeniu. Jeszcze silniejszy wzrost potencjatu antyok-
sydacyjnego, i to oznaczonego obydwoma metodami, odnotowano w produktach procesu hydrolizy enzyma-
tycznej. W wyniku przeprowadzonej separacji uzyskano pi¢¢ frakcji biatkowych o masach czasteczkowych
od 11 000 Da do ponad 600 000 Da oraz organiczng frakcj¢ niebiatkowg o Sredniej masie czasteczkowej
600 Da. Wszystkie badane frakcje wykazywaty aktywnos$¢ antyoksydacyjna, przy czym najwigksze warto-
$ci oznaczone metodg Folina-Ciocalteu odnotowano dla frakcji biatkowej o Sredniej masie czasteczkowej
80 000 Da, natomiast metodg z wykorzystaniem odczynnika ABTS — dla organicznej frakcji niebiatkowe;j.
Whioski. Swiezy sok z ziemniaka ma aktywno$¢ antyoksydacyijna, ktora mozna zwigkszaé¢ w drodze prze-
tworstwa, zwlaszcza w toku hydrolizy enzymatycznej. Ponadto wykazano, ze najwigksza aktywnos¢ antyok-
sydacyjng ma organiczna frakcja niebiatkowa o $redniej masie czgsteczkowej 600 Da.

Stowa kluczowe: sok ziemniaczany, potencjat antyoksydacyjny, hydroliza enzymatyczna
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