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Epidemiological and experimental studies sup-
port the hypothesis that diets with high contents 
of plant foods are beneficial in the prevention of 
chronic diseases and cancer in humans, although 
the benefits for individuals may depend on their 
genetic profile [1–10].

Potato has attracted a considerable interest be-
ing one of the most consumed vegetables in West-
ern populations. Recent findings suggested that 
potatoes could be an essential source of nutrients 
and biologically active compounds in human diet, 
the latter comprising. carotenoids, vitamin C and 
polyphenols, in particular anthocyanins and chlo-
rogenic acid [11–14]. Studies by Brown [15, 16] 
revealed that potatoes may exert multiple antioxi-
dative effects. Data from several studies implied 

that the antioxidant properties of potato polyphe-
nols are related to both their scavenging effect 
(protection of low-density lipoprotein (LDL) and 
very-low-density lipoprotein (VLDL) from oxida-
tion) and to their capacity to suppress inflamma-
tion [17, 18]. These properties are mainly related 
to anthocyanins that are contained in red and blue 
potato varieties. Potato polyphenols are reported 
to have potential antihypertensive activities and 
act as moderate angiotensin-converting enzyme 
(ACE) inhibitors [19]. Potato anthocyanins were 
also found to exert hepatoprotective effects by 
enhancing hepatic manganese superoxide dis-
mutase (Mn-SOD), copper and zinc superoxide 
dismutase (Cu/Zn-SOD) and glutathione peroxi-
dase (GSH-Px) mRNA expression in rats [20, 21]. 
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Summary
Recent studies have strongly supported the efficacy of diet rich in phytochemicals in reducing the risk of cardiovascu-
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tion reagent was treated in an ultrasonic bath 
for 15 min. Then, the sample flask was filled 
by the extraction reagent till the 50 ml mark, 
mixed and filtered through a paper filter, and 
subsequently through a membrane filter with 
the pore size of 0.45 μm.
Fresh potatoes were peeled, cut and liquidized 
using a blender. Further sample preparations 
were similar as described above. Potato peels 
were analysed in the same way.
The potato samples with a peel were boiled in 
water for 12 min. After cooking, samples with 
the peel were also liquidized. Similar cooking 
procedures (boiling in water) were implement-
ed for the peeled samples and for the potato 
peel. 
Potato samples with a peel were cooked by 
steaming for 30 min. Then, samples with the 
peel were liquidized. Further sample prepara-
tion was similar to the first case.
Potato with a peel was cooked in a microwave 
oven at 500 W for 5 min plus extra 2 min for 
readiness. Then the potatoes were liquidized 
together with the peel. Then the samples were 
treated as in the first case.
Potatoes with a peel were cut to 0.5 cm thick 
chips and fried in hot vegetable oil for 5 min. 
These French fries were removed from the 
oil bath, drained and were liquidized together 
with the peel. The rest of the sample prepara-
tion was similar to the first case.

Analytical Procedure

ABTS method
The Total Antioxidant Status (TAS) test was 

performed in accordance with the manufacturer’s 

2.

3.

4.

5.

6.

Anticarcinogenic properties of potato polyphenols 
have been reported in a recent study by REDIVARI 
et al. [22].

MATERIALS AND METHOD

Potatoes with differently coloured pulps (12 va-
rieties) originated in two agricultural areas in the 
Czech Republic (Tab. 1). Potatoes were grown in 
conventional production technology at a planting 
distance of 30 × 75 cm, fertilized by 100 kg nitro-
gen and phosphorus, potassium according to soil 
supply prior to planting and late blight control. Tu-
ber appearance was evaluated based on tuber size, 
shape and eye depth. Antioxidant capacity was 
determined by 2,2’-azino-bis(3-ethyl-benzothia-
zoline-6-sulphonate) (ABTS) assay using a com-
mercial kit Randox TAS (radical ABTS; Randox 
Laboratories, Antrim, United Kingdom) and the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) method 
(see below). Total phenolics were determined by 
the Folin-Ciocalteau method. Chlorogenic acid 
was determined by selective HPLC (see below). 
Results were expressed as mg chlorogenic acid 
equivalents per gram.

Sample preparation
Free phenolic acids were determined in potato 

samples using the following procedures: 
Raw potatoes were liquidized together with the 
peel. Then, 2 g of the liquidized potato sample 
were put into a 50 ml graduated glass flask and 
40 ml of the extraction reagent, a methanol 
solution with 0.02% butylated hydroxytoluene 
(BHT), was added. The sample with the extrac-

1.

Tab. 1. Potato samples subjected to the study.

Sample 
number

Cultivar Tuber flesh colour Agricultural area

1 Agria yellow Havlíčkův Brod

2 Ditta yellow Havlíčkův Brod

3 Impala yellow Prague - Suchdol

4 Herbie 26 red Havlíčkův Brod

5 Highland Burgundy Red red Prague - Suchdol

6 Salad Red red Havlíčkův Brod

7 Blue Congo blue Prague - Suchdol

8 Valfi blue Havlíčkův Brod

9 All Blue blue Havlíčkův Brod

10 Violette blue Prague - Suchdol

11 Blaue Hindelbank blue Prague - Suchdol

12 Blaue St. Galler blue Havlíčkův Brod



 The impact of cooking procedures on antioxidant capacity of potatoes

 173

instructions. The principle of the test is as follows: 
ABTS is incubated with a peroxidase (metmyo-
globin) and H2O2 to produce the radical cation 
ABTS+. This has a relatively stable blue-green 
colour, which is measured at 600 nm.

DPPH method
Free-radical-scavenging capacity of potato ex-

tracts was determined according to the previously 
reported procedure using DPPH [22]. The absorb-
ance at 517 nm was measured against blank sam-
ples with methanol solution (80%). 

TPC method
Total phenolic content (TPC) was determined 

using spectrophotometric assay on a Thermo Spec-
tronic Genesys 20 UV-visible pectrophotometer 
(Thermo Fisher Scientific, Waltham, Massachu-
setts, USA) using Folin-Ciocalteau’s reaction [22]. 
The absorbance was determined at 750 nm using 
chlorogenic acid as a standard. TPC was expressed 
as mg chlorogenic acid equivalents.

HPLC method
The content of chlorogenic acid (CGA) was 

determined using HPLC with a Dionex Sum-
mit  Chromatograph consisting of a P680 pump, 
Ultimate 3000 Photodiode Array Detector and 
Autosampler ASI-100 driven by Chromeleon 
software (Dionex Corporation, Sunnyvale, Cali-
fornia, USA). Separations were carried out on 
a 150 mm × 4.6 mm Eclipse XDB-C8 5 μm 
column (Agilent Technologies, Santa Clara, Cali-
fornia, USA). Elution was carried out with two sol-

vents: 5 mM KH2PO4 in methanol (A), KH2PO4 
in de mineralized water (B). The samples were 
eluted for 20 min at a flow rate of 1 ml·min-1, with 
gradient. The column temperature was 20 °C and 
UV detection was performed at 325 nm.

Statistics 
Data are presented as mean values ± standard 

deviation (SD; n = 3). The statistical significance 
was evaluated by Pearson‘s test, which is suitable 
for small numbers of samples, using GraphPad 
Prism version 4 software (GraphPad Software, San 
Diego, California, USA). The results are present-
ed in the table of the correlation matrix.

RESULTS AND DISCUSSION

In this study of twelve potato cultivars with the 
yellow, red and blue flesh types, certain relation-
ships between the antioxidant capacity, phenolics 
and the cooking procedures were observed. In 
order to find whether there is a relationship be-
tween the potato variety and total phenolics and 
the antioxidant capacity, the set of potato samples 
was divided into three clusters of yellow, red and 
blue flesh. The determination of phenolics in po-
tato resulted in the finding that, among polyphe-
nolic compounds present in potatoes, chlorogenic 
acid was contained in the highest amounts. Other 
phenolic substances, such as caffeic or protocaf-
feic acids, also occur in small numbers in potatoes. 
However, the amounts of these compounds are 
ten-fold lower compared to cholorogenic acid. This 

Fig. 1. Contents of chlorogenic acid in different potato varieties.
Data are expressed as mean ± SD (n = 3).
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may be the reason for the fact that using HPLC, 
we have determined only cholorogenic acid. This 
result is consistent with the results published for 
potatoes by other investigators [11, 12, 15].

Chlorogenic acid contents were found to 
vary broadly in different potato cultivars. The 
lowest content was found in yellow potatoes: 
from 0.03 mg·g-1 to 0.08 mg·g-1, compared to 
0.18–0.21 mg·g-1 in red flesh varieties. The high-
est chlorogenic acid contents between 0.17 mg·g-1 
and 0.73 mg·g-1 were detected in blue potato cul-
tivars. These findings are in correspondence with 
the data in the literature, where chlorogenic acid 
content was three to four times higher in red and 
purple cultivars compared to yellow potato varie-
ties [23, 24]. The contents of chlorogenic acid in 
different potato varieties is shown in Fig. 1.

The lowest content of total phenolic com-
pounds (chlorogenic acid) was determined in po-
tatoes with a yellow flesh. For the potatoes with 
a coloured (red and blue) flesh, the total phenolic 
contents were higher by 40% compared to yellow 
flesh varieties. Greater contents of total phenols 
in the varieties with a coloured flesh was associ-
ated with a high proportion of oenocyanin, which 
does not occur in potatoes with white or yellow-
 coloured flesh, as depicted in Fig. 2.

Phenolic contents of the examined potato 
samples appear to be associated with the antioxi-
dant capacities, determined either by the ABTS 
assay or by the DPPH assay. In order to eliminate 
possible discrepancies, total antioxidant capacity 
was measured by two assays, ABTS and DPPH. 

Statistical analysis provided strong positive corre-
lation (r = 0.93 and p < 0.0001) for the assays.

We have also found strong positive relation-
ships between the total antioxidant capacity 
(TAC) and the phenolic content in all potato cul-
tivars independently of the potato sample. The 
significance of these relationships is illustrate by 
the following statistical parameters: DPPH assay 
(r = 0.87, p < 0.0002) and ABTS assay (r = 0.71, 
p < 0.0097).

The results of statistical analysis and charac-
teristics of all methods employed in this study are 
presented in Tab. 2.

Total antioxidant capacities measured by ABTS 
and DPPH assays were higher in red and blue 
potato varieties. These findings are presented in 
Fig. 3 and are consistent with the data in the litera-
ture [18, 23].

Interesting results were also obtained on the 
impact of different cooking procedures on the 
total antioxidant capacity in potato samples of 
Impla variety. Antioxidant capacity increased by 

Tab. 2. The correlation matrix.

r ABTS DPPH TPC HPLC

ABTS – 0.93 0.71 0.79

DPPH 0.93 – 0.87 0.91

TPC 0.71 0.87 – 0.84

HPLC 0.79 0.91 0.84 –

r – linear correlation coefficient, TPC – total phenolic con-
tent.

Fig. 2. Contents of total phenolic compounds in different potato varieties.
Data are expressed as mean ± SD (n = 3).
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30% for potatoes cooked in steam with the peel, 
compared to that of the raw tuber. When potatoes 
were boiled with the peel in water, no change was 
observed in the antioxidant capacity. All other 
adjustments lead to a decrease in the antioxidant 
ca pacity: when microwaved by 11%, peeled then 
cooked potatoes by 15%, and when fried in vegeta-

ble oil by 29% (Fig. 4). The potato variety Impla 
was selected to represent one of the most con-
sumed potatoes in the Czech Republic.

In this study, simultaneous analysis of total 
phenolic content and total antioxidant capacity 
was determined in relation to potato variety and 
cooking procedures. The study extends the current 

Fig. 3. The antioxidant capacity in different potato varieties measured by ABTS and DPPH assays.
Data are expressed as mean ± SD (n = 3).

Fig. 4. Antioxidant capacity (ABTS assay) of Impala potato variety after using different cooking procedures.
Data are expressed as mean ± SD (n = 3).
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knowledge by considering phenolic content and 
cooking procedures in relation to the total anti-
oxidant capacity and potato variety. The results 
demonstrate that cooking procedures change the 
antioxidant capacity of potatoes.

CONCLUSION

On the basis of the results it can be concluded 
that potato varieties with a coloured flesh have up 
to four times higher antioxidant capacities com-
pared to yellow varieties. Culinary processing, with 
the exception of peeling, causes augmentation of 
antioxidant capacities in all examined potatoes. 
Potato peel and the layer beneath it have higher 
antioxidant capacities compared to flesh (from 
40% up to 400% increase, depending on the cook-
ing method used). Cooking potatoes with in the 
peel seems to cause beneficial changes from the 
perspective of antioxidant capacity, however, this 
is only true if the cooked potatoes are consumed 
whole, together with the peel.
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