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Magda Aniołowska · Karel Hamouz 

Received: 6 October 2013 / Revised: 8 January 2014 / Accepted: 10 January 2014 / Published online: 4 February 2014 
© The Author(s) 2014. This article is published with open access at Springerlink.com

The mean values were about 97.5 % in ready-to-eat French 
fries. In French fries after I and II steps of frying, the ratio 
α-solanine to α-chaconine was lower (1.0:2.0) than in 
unpeeled potatoes (1.0:2.3).
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Introduction

Potatoes with traditional, light-flesh have been known since 
a long time—firstly eaten boiled, dried or baked, and then 
grilled or fried as fried snacks products. Next, apart from 
the light-flesh potatoes, coloured-fleshed varieties from 
South America were also available in the market [22]. Red- 
and blue-fleshed potatoes are gaining in recognition, mostly 
thanks to antioxidant content having pro-healthy effect on 
the human organism [15]. These include the natural pig-
ments—anthocyanins, especially the acylated derivatives 
[4]. Potato anthocyanins have been proved to hold much 
anti-illness and anti-ageing functionality [14]. The amount 
of antioxidants in coloured-fleshed potatoes is usually two 
or three times higher than in white-fleshed ones [2, 14].

The increasing popularity of coloured-fleshed varieties is 
also connected with their non-typical appearance and possi-
bility of preparing colourful salads or attractive potato snacks. 
Coloured-fleshed potato crisps have already been available 
in the United States and some European countries, e.g. Ger-
many, France and Italy [10]. It is quite likely that “coloured 
French fries” may soon appear in restaurants and shops.

Civilization progress in many countries has been accom-
panied by the constantly increasing consumption of fried 
potato snacks such as snacks, crisps and French fries. The 
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French fries are especially popular due to their favourable 
organoleptic features and the fast and easy preparation to 
consumption at home [16, 36]. It is quite probably that 
consumers, especially children and youth, looking for new 
snacks, might also pay attention in coloured French fries 
(red or blue). The fact that coloured-fleshed potatoes con-
tain, abovementioned—anthocyanins [2, 4, 11, 15], snack 
products obtained from coloured-fleshed potatoes could be 
more willingly eaten up by consumers.

However, apart from pro-healthy components, potatoes 
also contain undesirable compounds, i.e. glycoalkaloids 
(TGA), which are potent poisons [5, 8–10]. The lethal dose 
of these components is 3–5 mg kg−1 body weight, with an 
effect similar to strychnine or arsenic [9, 12]. The toxic-
ity of TGA is associated with the synergistic interaction 
between two main components of TGA: α-solanine and 
α-chaconine [8, 16, 19, 23].

Glycoalkaloids occur both in potato tubers of traditional, 
light-flesh [5, 8, 19, 23] and in coloured-fleshed potatoes 
[7, 10, 38]. Both α-solanine and α-chaconine are triglyco-
sylated derivatives of the same aglycone and solanidine 
but differ in the carbohydrate moiety [8, 35]. In potatoes, 
α-solanine constitutes about 40 % of TGA and α-chaconine 
60 %, which is more toxic than α-solanine, and hence, the 
ratio of these compounds is important [8, 9, 20]. The ratio 
of α-solanine to α-chaconine and total TGA content depend 
on the anatomical part of the potato plant and its variety [5, 
8, 20, 23, 26].

Glycoalkaloid content in potato tubers should not exceed 
200 mg kg−1 f.w., because this level is dangerous for the 
human health [5, 8, 12, 29], whereas the bitter taste of 
potato is clearly perceptible when amount of TGA in tuber 
is in the range of 14–15 mg 100 g−1 [24]. The constant con-
trol of TGA content in potatoes intended for consumption 
should be carried on due to the confirmed toxicity of these 
components for human organism [13]. The largest amounts 
of TGA are present in the peel and immediately below the 
peel, about 1–1.5  mm [5, 8, 39]. And therefore the peel-
ing process, used during their preparing for consumption, 
may remove from 20 to 80 % of TGA from tubers [3, 25, 
27, 32, 37]. Subjecting the potatoes to thermal processing, 
e.g. cooking, baking, drying or frying, also enables us to 
remove the certain amounts of TGA, which can be differ-
entiate dependency on the processing course [8, 25, 27, 31, 
32, 38].

It is likely that coloured-fleshed potatoes (red- and 
blue-flesh) will be more commercially available, what can 
increase their popularity among consumers. Fried snacks, 
with or without peel, can be more often prepared of such 
potatoes. Coloured potato snacks may also become avail-
able in fast food restaurants, which will increase their total 
consumption. Therefore, taking into account the toxicity of 
TGA (α-solanine and α-chaconine) contained in potatoes, it 

is necessary to control their amount in the coloured-fleshed 
varieties. It is essential to estimate the quantity of these 
components in coloured potato tubers, which remain in the 
flesh after the peeling, is rejected with the peel. And first 
of all, what quantity of TGA is present in fried products 
is obtained from coloured-fleshed potatoes. It also seems 
sensible to indicate the variety or varieties of potatoes that 
could be most suitable for French fries production.

The aim of this study was to determine the effect of 
different stages of French fries processing on the con-
tent of TGA (α-solanine and α-chaconine) in the red- and 
blue-fleshed potatoes, in semi-products and ready-to-eat 
products.

Materials and methods

Raw material

The material taken for the study was consisted of four col-
oured potato varieties: two of red-fleshed (Herbie 26, High-
land Burgundy Red) and two of blue-fleshed (Blue Congo, 
Vitelotte) from the growing seasons of 2009, 2010 and 
2011. The potatoes grew in the experimental plots belong-
ing to the testing station of The Central Institute for Super-
vising and Testing in Agriculture at Přerov nad Labem (the 
Czech Republic). The samples of potato tubers were har-
vested after reaching full maturity. Mechanically damaged, 
greened and sprouted potatoes were rejected after harvest. 
Selected tubers weighted more than 50 g were taken for the 
analyses. Each sample of potato varieties weighted 16 kg.

The method of French fries processing

The research was carried out on tubers of red- and blue-
fleshed potato varieties. The potatoes of four varieties were 
used to prepare French fries. The coloured-fleshed potatoes 
met the requirements for French fries production, concern-
ing the basic chemical composition of tubers, with particu-
lar emphasis on reducing sugars.

French fries were prepared by two-step frying method 
in rapeseed oil. In the study was used the rapeseed oil 
because it was characterized by a good thermal and oxida-
tive stability during frying, and it has been generally used 
for the industrial preparation of fried food [21]. The tubers 
were washed and peeled by the use of potato peeler (Sir-
man model PP 4, Italy). The potato tubers were cut into 
strips sized 1 × 1 cm, 6–7 long and blanched in water at 
75 °C for 10 min. After blanching, potato strips were dried 
on blotting paper. At the first stage of frying, the potato 
strips were fried in oil (3.5 L  per 200  g of potato strips) 
at 175 °C for 1 min. There was used 3.5 L of oil per 200 g 
of potato strips during frying of French fries—according to 
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the methodology found in the articles of authors Lisińska 
et  al. [18] and Tajner-Czopek et  al. [38]. After cooling, 
the French fries were frozen in a freezer at −18 °C. At the 
second stage of frying, the French fries were fried in oil at 
175 °C for 5 min [16, 18].

Sample preparation of coloured‑fleshed potato

Glycoalkaloids (TGA) content was determined in the 
potato tubers of the examined coloured-fleshed varieties, 
in 1/unpeeled potatoes (raw material), 2/peeled potatoes, 
3/peel, 4/potato strips, 5/potato strips after blanching, 6/
French fries after I step of frying and 7/French fries after 
II step of frying. The manner of sampling is presented in 
Fig. 1. 

Unpeeled and peeled potatoes were cut into 1-cm discs, 
while peel, potato strips and potato strips after blanching 
were cut into small pieces. All samples were freeze-dried 
in apparatus of Edwards Firm. French fries after I and II 
steps of frying were defatted before analysis. French fries 
were degreased with diethyl ether solvent in Büchi Extrac-
tion System B-811 apparatus. The process was carried out 
at 68  °C for 3.5  h. All obtained dry material, after being 

ground in an electric grinder (for 3  min, each sample), 
became the material used to determine the contents of TGA 
(α-solanine and α-chaconine).

Determination of TGA content in samples prepared 
from coloured‑fleshed potatoes

Apparatus

A high-pressure liquid chromatography HPLC (ProStar) 
was used, made by the Varian Company (Walnut Creek, 
CA, USA), equipped with UV detector—310 type, ana-
lytical column Mikrosorb NH2 (25 × 46 cm L.D.) (Rainin 
Instrument, Woburn, MA, USA) and a computer system 
monitoring the chromatograph (Varian Chromatography 
System) [26, 34].

Conditions of the glycoalkaloid separation

As an eluent, a mixture of tetrahydrofuran, acetonitrile and 
redistilled water 50:20:30 + KH2PO4 (1.02 g L−1 mixture) 
was used. The process was carried out at a temperature of 
35 °C, with the speed of flow of 2 mL min−1 and the pres-
sure of 112 atm., applying the light wavelength of 208 nm 
[26, 34].

Sample preparation for the chromatograph analysis

The freeze-dried material (1 g) was homogenized with 4 mL 
redistilled water and 30 mL of methanol for 2 min, followed 
by filtration. The filtration was carried out by using the fil-
ter paper and covered with a watch glass. The filtrate was 
brought to a final volume of 50 mL with methanol. A 5 mL 
aliquot of the extract was cleaned up on the SPE column 
(Bond Elut C18; 500 mg; 6.0 mL) (Varian, USA) with the 
0.9 mL min−1 speed flow. TGAs were rinsed using 5 mL of 
methanol and evaporated to dryness in vacuum at a tempera-
ture of 50 °C. The residue formed was dissolved in 1 mL of 
THF:ACN:H2O—50:20:30. Before application onto the col-
umn, the sample was cleaned up by using filters of 0.45 μm. 
The volume of the injection was 10 μL.

Standard solutions (1 mg mL−1) were prepared by dis-
solving 10  mg of α-solanine and α-chaconine (Sigma-
Aldrich, Germany) in 10 mL of methanol. Standard solu-
tion was dissolved to obtain samples containing from 1 to 
50  μg  mL−1 both α-solanine and α-chaconine. 10  μL of 
solution was injected on the column [26, 34].

Analytical methods

The dry matter of all samples was determined by the 
reduced weight after drying at 105 °C until constant weight 

1/ Unpeeled potatoes 

2/ Peeled potatoes 3/ Peel 

4/ Potato strips 

5/ Potato strips after blanching 

6/ French fries after I step of frying 

7/ French fries after II step of frying 

Blanching in water  
(75 0C, 10 min.) 

Frying (175 0C, 1 min.) 

Frying (175 0C, 5 min.) 

Cutting 

Fig. 1   The scheme of sample collection for TGA determination dur-
ing French fries processing
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[1]. The quantities of α-solanine and α-chaconine (total 
TGA) were determined by the method of Saito et al. [34] 
and Pęksa et  al. [26]. All experiments were conducted 
in three technological replications (in 2009, 2010 and 
2011  years of the investigation), and the present results 
show the average values obtained in the study.

Statistical analysis

The data were analysed statistically using Statistica 10.0 
software. For comparison, the results obtained were ana-
lysed using one-way analysis of variance with the appli-
cation of Duncan’s test (P  ≤  0.05). One-way analysis of 
variance was used for determining the significance of the 
influence of stage of French fries processing on the con-
tents of total TGA (α-solanine and α-chaconine) in studied 
samples. Standard deviations and LSD (least significant 
differences) were estimated by means of Statistica 10.0.

Results and discussion

Raw material (coloured‑fleshed potatoes)

The dry matter of all studied coloured-fleshed potato varie-
ties ranged from 20.03  g 100  g−1 (Herbie 26) to 23.01  g 
100  g−1 (Vitelotte) and the starch content from 14.60  g 
100  g−1 (Highland Burgundy Red) to 17.46  g 100  g−1 

(Vitelotte). The content of reducing sugar in all potato 
varieties ranged from 0.15 g 100 g−1 (Vitelotte) to 0.24 g 
100 g−1 (Blue Congo) (Table 1). The morphology and the 
precisely definite chemical composition (dry matter, starch 
and first of all reducing sugar content) are the most impor-
tant features of potatoes used for industry processing [16, 
17]. It is important that potato tubers selected for French 
fries processing should contain 20–23  g 100  g−1 of dry 
matter, 15–18 g 100 g−1 of starch and below 0.3 g 100 g−1 
of reducing sugar [17]. All researched coloured-fleshed 
potatoes met the requirements for the raw material destined 
for French fries processing, in respect of dry matter, starch 
and (especially—first of all) the reducing sugar content 
(Table 1). 

Glycoalkaloid content in unpeeled coloured‑fleshed 
potatoes, peeled potatoes and peel

In this study, there was stated that TGA content in col-
oured-fleshed potatoes (red- and blue-fleshed) did not show 
significant differences among the years of the investigation. 
However, there was found statistical difference dependency 
on the potato varieties (Table 2). The amount of TGA accu-
mulated in the tubers depended mainly on their genotype 
[33]. The highest content of TGA was found in Blue Congo 
variety (6.11, 6.06 and 6.10 mg 100 g−1 f.w.), respectively, 
and the lowest in Vitelotte variety (4.05, 4.10 and 4.09 mg 
100 g−1 f.w.), independently of the year of study (Table 2). 

Table 1   Dry matter, starch and 
reducing sugar content  
(g 100 g−1) in potato tubers of 
four coloured-fleshed potato 
varieties

Values are given as mean ± SD 
(standard deviation), n = 9

Potato variety Dry matter (g 100 g−1) Starch (g 100 g−1) Reducing sugar (g 100 g−1)

Red-fleshed potatoes

Herbie 26 20.03 ± 0.20 14.96 ± 0.16 0.17 ± 0.09

Highland Burgundy Red 20.92 ± 0.21 14.60 ± 0.10 0.21 ± 0.10

Blue-fleshed potatoes

Blue Congo 21.31 ± 0.24 15.67 ± 0.13 0.24 ± 0.12

Vitelotte 23.01 ± 0.17 17.46 ± 0.15 0.15 ± 0.10

Table 2   The content of total glycoalkaloids (g 100 g−1 f.w.) in four coloured-fleshed potato varieties (from 3 years)

Values are given as mean ± SD (standard deviation), n = 9

f.w. fresh weight basis
a,b,c,d  Difference superscripts within columns indicate significant differences (Duncan’s test, P ≤ 0.05)
A  Superscripts in raw indicate non-significant differences (Duncan’s test, P ≤ 0.05)

Potato variety 2009 Year of the investigation 2010  
glycoalkaloids (mg 100 g−1 f.w.)

2011

Red-fleshed potatoes

Herbie 26 5.40 ± 0.04c,A 5.33 ± 0.05c,A 5.41 ± 0.03c,A

Highland Burgundy Red 4.40 ± 0.02b,A 4.45 ± 0.03b,A 4.44 ± 0.02b,A

Blue-fleshed potatoes

Blue Congo 6.11 ± 0.03d,A 6.06 ± 0.02d,A 6.10 ± 0.05A

Vitelotte 4.05 ± 0.02a,A 4.10 ± 0.03a,A 4.09 ± 0.03A
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Various coloured-fleshed (red- and blue-fleshed) potato 
varieties that could be potentially used in the production of 
French fries are still little researched with regard to their 
TGA content. Therefore, it is significant to determine the 
quantity of TGA in unpeeled tubers, flesh and peel, and the 
more so traditional French fries are produced from peeled 
potatoes.

On the ground of findings, it was stated that content of 
TGA in studied coloured-fleshed potato varieties ranged 
from 4.08 to 6.09  mg 100  g−1 f. w., in peeled potatoes 
ranged from 1.81 to 3.13 mg 100 g−1 f.w., and in the peel—
from 14.20 to 20.10 mg 100 g−1 f.w (Table 3). Moreover, 
it was found that blue-fleshed potatoes of Blue Congo vari-
ety were characterized by the highest content of TGA. The 
amount of TGA in these potatoes was about 33  % higher 
compared with the Vitelotte variety, about 27 % higher than 
in the Highland Burgundy Red variety and by approximately 
12  % higher than in the Herbie 26 variety. Blue Congo 
potato variety was also characterized by the highest content 
of the examined compound in the peeled tubers (on average 
about 27 % more) and the lowest amount of TGA in the peel 
(on average about 18 % less) compared with other varieties. 
Presumably, a large amount of TGA in Blue Congo variety 
was in the flesh and little in the peel, and therefore, very lit-
tle of studied compound was removed during the peeling. It 
was stated that Blue Congo potato varieties should not be 
recommended for the production of French fries. 

It was also stated that unpeeled and peeled potatoes of 
blue-fleshed Vitelotte variety were characterized by the 
lowest amount of TGA. Peels obtained from these potatoes 
contained relatively low amount 15.61  mg 100  g −1 f.w 
of TGA (Table  3). Moreover, it was found that Highland 
Burgundy Red (red-fleshed potatoes), which were charac-
terized by a relatively low amount of TGA in the unpeeled 

and peeled potatoes, contained the highest quantity of the 
studied compound in the peel, as compared with other vari-
eties—20.10  mg 100  g −1 f.w. Probably, Highland Bur-
gundy Red potato variety accumulates the highest amount 
of TGA in the peel; therefore, much less TGA content was 
in the flesh after the peeling. It was stated that Highland 
Burgundy Red potato varieties should be recommended as 
useful raw material for the French fries production, as well 
Vitelotte variety.

Ieri et  al. [10] reported that TGA content in four col-
oured-fleshed potato varieties ranged from 6.6 to 13.9 mg 
100  g−1 f.w., in peeled potatoes from 0.94 to 1.15  mg 
100 g−1 f.w. and in the peel from 42.1 to 85.6 mg 100 g−1 
f.w. Friedman and Levin [7] reported that in eight potato 
varieties, the amount of TGA ranged from 0.8 to 18.7 mg 
100  g−1 f.w, in peeled potatoes ranged from 0.13 to 
14.80  mg 100  g−1 f.w. and in the peel—from 1.24 to 
54.30  mg 100  g−1 f.w. Rytel et  al. [33] showed/noticed 
that the amount of TGA in a peel obtained from coloured-
fleshed potato varieties ranged from 15.33 mg 100 g−1 f.w. 
to 24.45  mg 100  g−1 f.w. Nema et  al. [23] reported that 
TGA content in frozen peels of different edible varieties 
ranged from 6.5 to 12.1  mg 100  g−1 f.w. Many authors, 
Friedman and Dao [6], Wünsch and Munzert [39], Fried-
man [5], and Friedman and Levin [7], reported that most 
TGA in the tuber are accumulated in the peel, especially in 
the area of eyes, whereas the distribution of TGA in a tuber 
differs among varieties. Some researchers, Wünsch and 
Munzert [39], Friedman and McDonald [8], Pęksa et  al. 
[26], Friedman [8], Tajner-Czopek et  al. [37] and Ostry 
et al. [25], think that there may occur significant differences 
in TGA content among of the same varieties. Ieri et al. [10] 
also showed significant difference in TGA between blue-
fleshed tubers of the same varieties.

Table 3   Content of glycoalkaloids (mg 100 g−1 f.w.) in un-peeled potatoes, peeled potatoes and peel obtained from red- and blue-fleshed pota-
toes

Values are given as mean ± SD (standard deviation), n = 9

f.w. fresh weight basis

LSD least significant differences
a,b,c,d  Differences superscripts within columns indicate significant differences (Duncan’s test, P ≤ 0.05)

Potato variety Unpeeled potatoes Peeled potatoes Glycoalkaloids  
(mg 100 g−1 f.w.)

Peel

Red-fleshed potatoes

Herbie 26 5.38 ± 0.05c 2.85 ± 0.01c 17.62 ± 0.22c

Highland Burgundy Red 4.43 ± 0.03b 2.19 ± 0.02b 20.10 ± 0.16d

Blue-fleshed potatoes

Blue Congo 6.09 ± 0.03d 3.13 ± 0.03d 14.20 ± 0.12a

Vitelotte 4.08 ± 0.03a 1.81 ± 0.02a 15.61 ± 0.31b

Mean 4.99 2.49 16.88

LSDmean of TGA content 0.13 0.25 1.2
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From the results, it was stated that peels obtained from 
Highland Burgundy Red potato variety contained about 
4.5 times and from Vitelotte about 3.8 more TGA, than 
unpeeled potatoes. The peels obtained from Herbie 26 con-
tained about 3.3 times more and derived from Blue Congo 
variety about 2.3 times more of TGA content in compari-
son with raw material. The peels from four potato varieties 
had on average almost 3.5 times more TGA content com-
pared with unpeeled potatoes (Table 3).

Friedman and Levin [7] reported that in peels obtained 
from eight potato varieties, TGA content was 1.5–11 times 
higher compared with the raw material, while Ieri et  al. 
[10] reported that in peels of four coloured-fleshed potato 
varieties, the TGA concentration is on average six times 
higher in comparison with unpeeled potatoes.

The content of TGA (α‑solanine and α‑chaconine) 
in processed of coloured‑fleshed potatoes

TGA content after peeling

Based on the results presented in Figs. 2 and 3, it was stated 
that TGA content in the examined red- and blue-fleshed 
potato varieties did not exceed 26 mg 100 g−1 d.w., and the 
quantity of studied component distinctly decreased during 

the consecutive stages of French fries preparation. The first 
stage—peeling—significantly decreased the total amount 
of TGA (α-solanine and α-chaconine) in the coloured-
fleshed potatoes by about 50 % on average, compared with 
a raw material (Figs.  2, 3). Peeling the blue-fleshed pota-
toes of Vitelotte variety, with the lowest TGA content in 
unpeeled tubers, resulted in the greatest loss of α-solanine 
and α-chaconine sum (by about 55 %), among other exam-
ined varieties (Figs. 2, 3), whereas peeling potatoes of Blue 
Congo variety with the highest TGA content in the raw mate-
rial resulted the lowest decrease in TGA by 45 % (Figs. 2, 3). 

Jansen and Flamme [11] reported that peeling coloured-
fleshed varieties influenced on almost 50  % decrease in 
TGA content compared with raw material, whereas Ieri 
et al. [10] reported that peeled blue-fleshed potato of Shet-
land Black variety decreased about 64 % amount of TGA 
compared with unpeeled tubers. Rytel et  al. [33] showed 
that peeling of coloured-fleshed potato decreased in TGA 
content by about 70  %. Rytel et  al. [32] and Pęksa et  al. 
[27] observed that peeling traditional light-fleshed pota-
toes decreased in TGA content by about 20–35 %, whereas 
Tajner-Czopek et  al. [37] showed that peeling the potato 
tubers of three light-fleshed varieties decreased in TGA 
content by 58 %. The amount of removed TGA depended 
on the way of peeling, including the thickness of peel and 
the layer of flesh removed with the peel [3, 8, 38].
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TGA content after cutting into potato strips

The next technological stage of French fries production 
is cutting the potatoes, which may also have an effect on 
TGA content. On the ground of findings, it was stated that 
after cutting red- and blue-fleshed potatoes into strips, the 
sum of α-solanine and α-chaconine decreased on average 
by 53 % compared with raw material (Figs. 2, 3). The rela-
tively greatest reduction in α-solanine content (compared 
with unpeeled potatoes) by about 55 % resulted from cut-
ting into strips the potatoes of Blue Congo variety (Fig. 2). 
However, strips prepared from Vitelotte potato variety were 
characterized by the lowest content of α-solanine, as well 
as the greatest loss of α-chaconine, by about 59 % (Fig. 3). 
Rytel et  al. [32] reported that in potato strips obtained 
from Santana variety with light-fleshed, α-solanine and 
α-chaconine decreased by about 54 and 60 %, respectively, 
compared with raw material.

TGA content in potato strips after blanching

The next technological stage of French fries produc-
tion is thermal processing—blanching in water of potato 
strips [16]. Based on the conducted studies, it was stated 
that after blanching, α-solanine and α-chaconine content 

in red- and blue-fleshed potatoes decreased on average 
by 58 % than in raw material (Figs.  2, 3). Relatively, the 
greatest loss of α-solanine content, by about 59 % (Fig. 2), 
and α-chaconine content, by about 65  % (Fig.  3), was 
induced after blanching the potato strips of Vitelotte vari-
ety, compared with raw material. The lowest decrease in 
α-solanine content, by about 42 %, was stated after blanch-
ing potato strips of Highland Burgundy Red variety (Fig. 2) 
and α-chaconine content, by about 55  %, in potato strips 
of Blue Congo variety (Fig.  3), compared with unpeeled 
potatoes.

Rytel et al. [32] reported that after the first and second 
stage of blanching the potato strips obtained from light-
fleshed potatoes, TGA content decreased by about 69 and 
74 % than in raw material. Rytel [31] observed that after 
blanching of light-fleshed potato strips, the amount of TGA 
decreased by 63  % than in raw material. While Cieślik 
[3] noticed that blanching process decreased the quan-
tity of TGA by about 40–50 % compared with raw mate-
rial. The same author also observed that cooking markedly 
decreased the TGA content in potatoes, especially when 
they are cooked in disintegrated form (dice, strips). Tajner-
Czopek et al. [37] observed that dependency on variety, the 
amount of TGA decreased on average by about 80 % com-
pared with raw material, after cooking of potatoes.
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TGA content in French fries after frying

In French fries production, blanched potato strips are dried 
and fried in oil [16, 18, 36]. Frying process gives fried 
potatoes the organoleptic qualities that are attractive to con-
sumers. Frying may also have a positive effect on reduction 
the TGA content in the ready products [3, 5, 8, 32, 38].

On the ground of findings, it was stated that frying pro-
cess had significantly decreased in TGA content, by about 
97 %, after I step of frying, and by about 97.5 %, after II 
step of frying, compared with raw material. Therefore, 
there was only 3  % of the initial quantity of TGA in the 
semi-products (after I step of frying) and 2.5 % in ready-to-
eat French fries (Figs. 2, 3).

Rytel et al. [32] noticed that in ready French fries (after 
the II step of frying), made from traditional light-fleshed 
varieties (Santana and Innovator), there remained 3–8 % of 
initial amount of TGA. However, Pęksa et al. [27] observed 
that in crisps, made from Karlena and Saturna varieties, there 
was only 1–2 % of the initial TGA content found in the raw 
material. Friedman and McDonald [8] noticed that a frying-
induced TGA decrease (frying at 170–180 °C) is partly asso-
ciated with washing the TGA out from frying product and 
partly with its decomposition influenced by hot oil.

Changes in the ratio of α‑solanine to α‑chaconine

In Table 4 was given the ratio of α-solanine to α-chaconine 
concentration of raw and processed French fries of col-
oured-fleshed potato varieties (mean of four coloured-
fleshed potato varieties). It was stated that ratio of 
α-solanine to α-chaconine changed (decreased) in studied 
samples during French fries processing compared with 
raw material. In conducted studies, it was stated that ratio 
of α-solanine to α-chaconine in unpeeled coloured-fleshed 
potatoes was 1.0:2.3 (Table 4). 

The ratio of α-solanine to α-chaconine varies between 
varieties, although α-chaconine usually occurs in distinctly 
higher concentration than α-solanine [6, 8, 16, 23, 30, 
37]. The scientific literature most frequently has provided 
data on the ratio of α-solanine to α-chaconine in light-
fleshed varieties. Pęksa et  al. [27] observed the ratio in 

light-fleshed varieties ranged from 1.0:2.4 to 1.0:3.7, while 
Friedman and Levin [7] claimed that ratio of α-chaconine 
to α-solanine ranged from 1.20 to 2.60. Tajner-Czopek 
et al. [37] reported that in Bard, Lord and Denar varieties, 
the ratio of these compounds was from 1.0:1.9 to 1.0:2.5.

Only a few authors have determined the TGA con-
tent in coloured-fleshed potato varieties. Rodrigez-Saona 
et  al. [28] showed that ratio of α-chaconine to α-solanine 
in 35 red-fleshed potato breeding clones was on average 
1.0:2.4. Ieri et  al. [10] in their study observed that ratio 
of α-chaconine to α-solanine in intensively blue-fleshed 
potato variety (Vitelotte Noire) was 1.0:2.7, whereas 
Tajner-Czopek et  al. [38] noticed that ratio of these com-
pounds in blue-fleshed potatoes was 1.0:1.8, while in red-
fleshed potatoes, the ratio was 1.0:2.2. Rytel et  al. [33] 
showed that ratio of α-solanine to α-chaconine in red- and 
blue-fleshed potatoes was ranged from 1.0:1.8 to 1.0:2.1, 
respectively. The content of α-solanine is about two times 
more than α-chaconine [33].

On the ground of findings, it was stated that ratio of 
α-solanine to α-chaconine decreased after peeling the col-
oured-fleshed potatoes, compared with the raw material, 
and was 1.0:1.9 as an average for varieties. The ratio of 
α-solanine to α-chaconine changed in favour of α-solanine. 
However, the ratio of both compounds was 1.0:2.0 in peels 
obtained after peeling the studied potato varieties (Table 4).

In French fries production, raw material is subjected to 
initial processing, i.e. washing, peeling, cutting, thermally 
processed in blanching and frying [16, 37]. Both peeling 
and thermal processes had an effect on the TGA content 
and the ratio of α-solanine to α-chaconine [3, 5, 8, 27, 38]. 
It was stated that cutting, blanching and frying French fries 
prepared from red- and blue-fleshed varieties had an effect 
on their α-solanine to α-chaconine ratio, which on aver-
age changed from 1.0:1.9 to 1.0:2.0 (Table  4). Moreover, 
it was stated that blanching process had an marked effect 
on reducing the α-solanine to α-chaconine ratio (1.0:1.9) 
compared with the unpeeled potatoes (1.0:2.3), which was 
associated with amount of TGA rinsed during the blanch-
ing. In French fries after I and II steps of frying, the ratio 
α-solanine to α-chaconine was lower than in unpeeled pota-
toes (Table 4).

Table 4   Ratio of α-solanine to α-chaconine concentration of raw and processed French fries of coloured-fleshed potato varieties (mean of four 
coloured-fleshed potato varieties)

Raw material 
unpeeled potatoes

Peeled potatoes Processed potato 
strips

Potato strips after 
blanching

French fries after I 
step of frying

French fries after II 
step of frying

Ratio α-solanine  
to α-chaconine 
(mean value of  
four coloured-
fleshed potatoes)

1.0:2.3 1.0:1.9 1.0:2.0 1.0:1.9 1.0:2.0 1.0:2.0
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Rytel et  al. [32] observed that the ratio of α-solanine 
to α-chaconine in the ready French fries, obtained from 
traditional light-fleshed potatoes, was 1.0:1.0 (Innovator 
variety) and 1.0:1.3 (Santana variety). Above-mentioned 
researchers also noticed that during the entire French fries 
processing, the ratio of both fractions of TGA decreased 
from 1.0:2.4 to 1.0:1.1, whereas Pęksa et al. [27] observed 
that the ratio of α-solanine to α-chaconine was on stable 
level of 1.0:2.5 during all the stages of production of potato 
crisps. These authors also observed that after peeling, slic-
ing and washing out in water, α-solanine content decreased 
more than α-chaconine.

Conclusions

It was stated that during the processing of French fries 
prepared from coloured-flesh potato varieties signifi-
cantly decreased the content of TGA (α-solanine and 
α-chaconine) in the samples obtained at different stages of 
the process compared with the raw material. Potatoes with 
blue-fleshed of Vitelotte variety and red-fleshed of High-
land Burgundy Red variety can be used to French fries pro-
cessing due to their low content of TGA (in unpeeled and 
peeled potatoes). However, Blue Congo variety with blue-
fleshed should not be applied to French fries processing, 
because of high TGA content in raw material and first of all 
in peeled potatoes flesh. The peeling process of coloured-
fleshed potatoes decreased in TGA content (α-solanine and 
α-chaconine) on average by about 50  %, cutting process 
on average by about 53 %, whereas blanching on average 
by about 58 % compared with the raw material. The high-
est decrease in TGA content was caused by frying process. 
The mean values were about 97.5 % in ready-to-eat French 
fries (after II stage of frying). In French fries after I and II 
steps of frying, the ratio of α-solanine to α-chaconine was 
lower (1.0:2.0) than in unpeeled potatoes (1.0:2.3).
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A, Dvořak P, Čepl J (2009) Cultivar differences of total anthocya-
nins and anthocyanidins in red and purple-fleshed potatoes and 
their relation to antioxidant activity. Food Chem 114:836–843
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(2005) Changes in glycoalkaloids and nitrate contents in potatoes 
during French fries processing. J Sci Food Agric 85:879–882

	33.	 Rytel E, Tajner-Czopek A, Aniołowska M, Hamouz K (2013) The 
influence of dehydrated potatoes processing on the glycoalkaloids 
content in coloured-fleshed potato. Food Chem 141:2495–2500

	34.	 Saito K, Horie M, Hoshino Y, Nose N (1990) High performance 
liquid chromatographic determination of glycoalkaloids in potato 
products. J Chromat 508:141–147

	35.	 Stanker LH, Kampos-Holtzapple C, Friedman M (1994) Devel-
opment and characterization of monoclonal antibodies that differ-
entiate between potato and tomato glycoalkaloids and aglycons. J 
Agric Food Chem 42:2360–2366

	36.	 Tajner-Czopek A, Figiel A, Carbonell-Barrachina A (2008) 
Effects of potato strip size and pre-drying method on French fries 
quality. Eur Food Res Technol 227:757–766

	37.	 Tajner-Czopek A, Jarych-Szyszka M, Lisińska G (2008) Changes 
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