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ABSTRACT

The present study was conducted to determine the effect of some technological practices on solanine content in po-
tato sticks .Data indicated that peeling process caused a significant decrease in solanine content in potato, being 14.44%
and 58.25 % (on dry weight basis) when the depths of the removal peel were approximately 0.5 and 3 mm, respectively,
Boiling process at 100 C° for different periods (3-9 min) did not significantly reduce the solanine content of potato
sticks. Frying of potato sticks at 170 C® for 3and 6 min caused a significant decline in solanine content. The percent-
ages of solanine reduction after frying for 3 and 6 min, were 68.79% and 75.58 % ( on dry weight basis}), respectively.
Soaking of potato sticks in 4% acetic acid for different periods led to a significant reduction in solanine. The reduction
was10.51%, 26.61%, 32.56% and 48.93% atter soaking for 15,30,45 and 60 min, respectively. Soaking of potato sticks
in 4% acetic acid for 30 and 60 min then boiling for 9 min or frying for 6 min resulted in a high reduction in solanine
content of potato sticks (27.44% ,50.85 %, 80.55% and 89.08%, respectively). Separation of solanine from potato sticks

subjected to the aforementioned treatments by TLC confirmed the results obtained in the pregent study.
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INTRODUCTION

Potato (Solanum tuberosum) is one of the
important human food crop. The fresh tubers are
rich in carbohydrates especially starch along with
minerals particularly potassium and phosphorus.
An annual production of potato tubers in Egypt
is approximately 589000 ton (FAO, 2007). The
loss in tubers due to an external and internal de-
fects ranged from 20 to 30% according to potato
genotypes, store system and storage conditions (El-
Dawoudi,1999). An annual average consumption
of such crop was around 3-3.5 kg per capita. The
structural variety of the compounds in the white
potato are steroids, terpenes, phenols and notably
some steroidal glycoalkaloids. The last are signif-
icant because some are known to be toxic. They
are considered as one of the plant natural defenses
(Mondy & Seetharaman,1990). The major glyco-
alkaloids in potatoes are solanine and the closely
related chaconine. The highest concentration of
glycoalkaloids are found in the green parts of the
potatoes and in the sprouts, within tubers the gly-
coalkaloid concentration is the highest in the peel
and just below it (Friedman, 2006). Accumulation

of toxic streocidal glycoalkaloids attributed to the
transformation of amyloplasts to chloroplasts which
responsible for photosynthetic process (Sanford et
al., 1992). Also, the content of total glycoalkaloids
in the tuber increases in response to a number of
other factors including genotypes, physical injury
either from harvesting, storing, and herbivory, fun-
gal attack, poor growing conditions such as unusual
cold and hot climate during tuber development and
growth (Ruprich er al., 2009), inadequate storage
conditions, irradiation and fertilizer use (Machado
etal, 2007). The consumption of potato tubers with
large total glycoalkaloid concentrations can cause
illness and even death. These compounds possess
anticholinesterase activity (Mc Gehee ef al, 2000)
and cause neurological and gastro intestinal disor-
ders, (Heal er ¢/.,2001). In human, an oral dose of
solanine of approximately 2.8 mg/kg body weight
can lead to drowsiness dyspepsia, and hyperesthe-
sia and some what higher doses can produce vomit-
ing and diarrhea (Slanina, 1990). Furthermore, Mor-
ris & Lee (1984) stated that the toxic dose of total
glycoalkaloids is approximately 2-5 mg/kg body
weight whereas the lethal one is probably 3 - 6 mg/
kg of body mass. In view of the potential toxicity
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of glycoalkaloids, a maximum level of 20 mg/100g
fresh weight has generally been accepted as the up-
per acceptable limit in tubers of new potato culti-
vars (Slanina,1990). The highest amounts of gly-
coalkaloids were removed during peeling, slicing,
washing and frying processes. Cooking or steeping
in water does not decrease glycoalkaloids content
considerably. Glycoaikaloids are practically water
insoluble and heat stable (Merk,2001). Significant
decrease of glycoalkaloids, particularly a—solanine
content during the process of potato chips produc-
tion was observed by Peksa et al. (2006).

The success of such trend along with improv-
ing the good storage practices will help in reducing
the potato tuber losses and maximize their utiliza-
tion in food purposes. So, the efficiency of some
food processing techniques on reducing solanine
content in the green stored potato tubers (which are
excluded during sorting step) was the main aim of
the present study.

MATERIALS AND METHODS

Materials

Ten kilograms of green potato tubers (Fig .1)
were obtained from sorting and packaging station
of Societé Nationale Du Commerce (SONAC)
Company, Damanhour, Egypt. The sorting proc-
ess was carried out using trained workers around
the sorting belts. The samples were transported to
the pilot plant of Food Science and Technology
Department, Faculty of Agriculture, Alexandria
University, Egypt, in opaque polyethylene bags
and kept at room temperature (22+2C°) until used.
Refined sunflower oil in polyethylene teriphathe-
late (PET) bottles were purchased from Alexandria
market, Egypt. An analytical grade chemical were
used in the present study.

Methods
Technological methods

Peeling: After dry cleaning, the potato tubers
were peeled manually using stainless steel knives.
The peeling process was carried otit to remove ap-
proximately 0.5 and 3.00 mm from the outer layers
(peel) of the tuber as measured by a hand caliper.

The potato tubers which peeled to remove ap-
proximately 0.5 mm from the outer layers were cut
into sticks (1x1x6 cm dimensions) using stainless
steel knives and used in the following experiments.

14

Boiling: The potato sticks were washed with
running tap water, then boiled in tap water for 3, 6
and 9 min.

Frying: The potato sticks were subjected for
frying in refined sunflower oil at} 70C* for 3 and 6
min in a frying pan. The fried sticks were received
over tissue paper and left to cool to room tempera-
ture (22+2C°),

Soaking: After preparing potatos as described
before, the sticks were soaked in 4% acetic acid
solution for 15,30,45 and 60 min at a ratio of 1:4
(w:w) sticks to acid at room temperature (22 +
2C®). The resultant soaked sticks were washed with
tap water and left at room temperature over tissue
paper to remove the adhered water.

Combination of soaking in acetic acid and
each of boiling and frying:-The soaked potato sticks
(30 and 60 min) were separately boiled in water for 9
min and also fried for 6 min as described before.

Analytical methods
Isolation and determination of solanine content

Solanine content was isolated and determined
according to the method described by Harborne
(1973).Five grams of potato sample were exiracted
with 50 ml of 5% acetic acid in an electrical blend-
er for 3 min. The mixture was continuously stirred
with a magnetic stirrer for 2hr. After filtration ,the
extract was warmed to 70C° then drops of concen-
trated NH,OH were added to adjust pH to 10. The
extract was centrifuged at (10,000 XG for 30 min)
to get the precipitate. The latter was washed with
1% NH,OH for several times and recentrifuged.
The resultant precipitate (crude solanine) was puri-
fied by dissolving in boiling methanol, filtered and
concentrated until the alkaloid started to crystal-
lize.The obtained pure crystals were dissolved in
solution consisting of 5 ml 96% ethanol and 5 ml
20% H,80, (1:1 v/v ratio). One ml of the alkaloid
solution was mixed with 5 ml 60% H,SQ, and af-
ter 5 min, 5 ml of 0.5 % solution of formaldehyde
in 60% H,S80, was added. The alkaloids were de-~
termined colourimetrically at 565-570 nm using
Spectronic 20 colourimeter.

The purity and presence of solanine were de-
tected using TLC technique on silica gel G using
a mixture of acetic acid : ethanol (1:3 v/v) as a de-
veloping solvent and Marquis reagent (1ml formal-
dehyde in 10 ml conc. H,S0, ) for detection (Har-
borne, 1973) .
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Moisture content was determined according to
the method described in the AOAC ( 1995).

Statistical analysis: One way analysis of vari--

ance (ANOVA) using the general linear models
(GLM) according to Steel & Torrie (1980) was ap-
plied to test significance effects of time of each of
boiling, frying, soaking in acetic acid and combina-
tion of such process on solanine content of potato
sticks. Standard deviation was calcuiated according
to Steel & Torrie (1980).

RESULTS AND DISCUSSION

Effect of peeling on solanine content

As shown in Table (1), solanine was found in all
parts of the green potato tubers. The results indicate
that, removal of peel during peeling process removed
the solanine present in the outer layers of the tubers.
Cork epidermis and periderm together comprise the
peel of potato tuber, the latter represents nearly 7 o
9% of the tber (El-Kodaby,2005). Removal of the
flesh layers directly below the peel during peeling
caused more reduction in solanine. Consequently,
increasing the depth of the removed outer layers
of the green potato tubers from approximately 0.5
mm to 3 mm curing peeling process caused high-
ly significantly reduction in solanine from 14.44%
to 58.25% ( on dry weight basis) (Table 1). This
means that snlanine is concentrated in the inner or
peripheral layers beneath the skin of the potato me-

dulla (Kozukue ef al. 1987, Friedman, 2006). It was
found that removal of about 3mm of the outer lay-
ers reduced the level of solanine content of potato
tubers from 23.89 to 9.29 mg/100g (on wet weight
basis) which is considered less than the higher ac-
ceptable limit (20 mg/100g on wet weight basis) as
mentioned by Slanina {1990). This means that at this
level of peeling (3 mm), potato tubers can be used
for edible purposes. These results apree with those
of Pavlista (2003) who reported that, solanine for-
mation in potato is localized near the skin usually no
deeper than 3mm. Furthermore, Peksa ef al. (2006)
observed that, during the peeling process, 22-28%
of injtial amount of glycoalkaloids present in potato
tubers was removed. The peeling process should re-
move a significant part of these compounds because
they are accumulated mainly in the potato peel and
in the outside layer (1.5 mm} of potato tuber.

Effect of boiling on solanine content

The results in Table (2) show that boiling of
green potato sticks (0.5 mm peeling depth) in wa-
ter for differcnt periods (3 to 9 min) did not sig-
nificantly atfect their solanine content. This is an
indication that solanine is minimally impacted by
boiling. The losses in the solanine were 0.91%, 1.4
% and 2.74% after 3,6 and 9 min of boiling (on
dry weight basis), respectively. This could be at-
tributed to the heat stability of this compound as
other glycoalkaloids.

Table 1: Effect of peeling process on solanine content of potato tubers

Solanine content (mg/100g)

{%) Solanine loss

Potato tuber

WWB DWRE DwWBhB
A —Surface peeling
(Approximately 0.5 mm depth)
Whole 24.16 £1.04¢ 17250 5.7« -
Flesh 20.29 =0.96¢ 147. 60 £3.3% 14.44
Peel 3.87 £0.34a 24.90 £2.40 85.56
B- Deep peeling
(Approximately 3mm depth)
Whole 23.89 +0.19¢ 161735 e
Flesh 9.29 +0,54a 67.53 £2.6 58.25
Peel 14.60 £0.37° 94.20 £2.60 41.75

W W B : Sclanine content on wet weight basis.
D W B : Solanine content on dry weight basis.

Means in a column not sharing the same superscript are significantly different at P < 0.05
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Table 2: Effect of boiling in water on solanine content of potato sticks

Boiling period Solanine content (mg/100g) (%) Solanine loss
(min) WWB DWBR DWB
¢ 2329+ 0.96* 16731+ 48 -
3 23.06+0.122 165.78 £ 2.1 0.91
6 2288+ 0.872 164.96 +5.2¢ 1.40
9 22392 0.752 162,72 £ 5.4 2.74

W W B : Solanine content on wet weight basis.
D W B : Sclanine content on dry weight basis.

Means in a column not sharing the same superscript are significantly different at P < 0.05

The same conclusion was stated by Cantwell
(1996) who observed that cooking of potatoes did
not destroy solanine. Furthermore, Tice (1998)
found that freezing, drying or dehydration had little
effect, whereas boiling has no effect on solanine in
potato tubers. :

Effect of frying on solanine content

Table (3) summarizes the influence of frying
process on solanine content of the green potato
sticks( 0.5 mm peeling depth). On contrary to boil-
ing, frying at 170 C° for 3 and 6 min caused signifi-
cant reduction in solanine. This may be attributed
to leaching of solanine into oil during frying proc-
ess. Extending the frying period from 3 to 6 min
elevated the reduction rate of solanine from potato
sticks. This was in agreement with that reported by
Tice (1998) who found that deep frying at 170C°
caused an effective reduction in glycoalkaloids
levels of potato. Friedman(2004) found that frying
markedly reduced glycoalkaloid contents of snacks
or dried potato. Furthermore, Peksa et a/. (2006)
observed a significant decrease of glycoalkaloids
particularly solanine content during the process of

chips production. According to the data given in
Table (3), the reduction in solanine was 68.79 and
75. 58% after 3 and 6 min of frying process (on dry
weight basis), respectively. The content of solanine
in fried potato sticks especially which were fried at
170 C° for 6 min was less than the higher accept-
able limit of this compound (20 mg/100g on wet
weight basis) as stated by Slanina (1990).

Effect of soaking in acetic acid on solanine
content

Soaking of potato sticks in 4% acetic acid
before boiling and frying for different periods
(15,30,45 and 60 min) was studied, as described in
the method of extracting solanine from the green
tubers (Harborne,1973). The data in Table (4) show
that gradual reduction in solanine content was oc-
curred with extending soaking period from [5to 60
min. The reduction percentages in solanine content
were 10.51, 26. 61, 32.56 and 48.93% after soak-
ing for 15, 30, 45 and 60 min in 4% acetic acid
{on dry weight basis), respectively. This means that
solanine leached out from potato sticks into soak-
ing medium during soaking process.

Table 3: Effect of frying process on solanine content of potato sticks

Frying periods Scolanine content{mg/100g) (%) Solanine loss
(min) WWB DWB DWB
0 22.19 +0.93¢ 161.38+48 e
3 17.88 +0.550 50.36 +1.5° 68.79
6 13.71 £0.452 39.40 +1.2» 75.58

W W B : Solanine content on wet weight basis.
D W B : Solanine content on dry weight basis.

Means in a column not sharing the same superscript are significantly different at P < 0.035
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Table 4: Effect of soaking in acetic acid on solanine content of potato sticks

Soaking time

Solanine content(mg/10¢g)

(%) Solanine loss

{min) WWB DWB DWBH
0 2172+ 0.734 64655 0 e
i5 194 = 0.80¢ 147.3 + 5.04 10.51
30 15.91 + 0.28% 120.8 +2.2¢ 26.61
45 14.62 + 0.74% 111.0 £ 5.6 32.56
60 11.07 £ 0.89° 84.05£3.7= 48.93

W W B : Solanine content on wet weight basis.
D W B : Solanine content on dry weight basis,

Means in a column not sharing the same superscript are significantly different at P < 0.05

Effect of combination of soaking in acetic
acid and each of boiling and frying

The potato sticks soaked in acetic (4%) acid for
30 and 60 min were subjected either for boiling for
& min or frying for 6 min as described previously.
The results of the combination effect of both soak-
ing and each boiling and frying on the reduction of
solanine content are presented in Table (5). Boil-
ing after soaking of the potato sticks significantly
declined solanine content as compared to boiling
process alone. So, the soaking in acetic acid (4%) is
an essential step to prepare safe boiled green potato
sticks. Extending soaking period before boiling du-
plicated the reduction loss in solanine from 27.44%
to 50.85%.

On the other hand, frying of the soaked green
potato sticks caused marked reduction in solanine
content. Also, the reduction increased with extend-
ing the soaking period from 30 to 60 min in an acetic
acid (4%) as occurred in botiling. 1t was found that

elongation of soaking period before frying from 30
to 60 min increased the reduction of solanine in po-
tato sticks from80.55% to 89.08 %,respectively.

These results indicated that soaking in 4% ace-
tic acid not only reduced solanine content but also
increased the efficiency of frying process to lower
solanine content to the safe levels,

To confirm the results, TLC technique was
used to deiect solanine in raw, boiled, fried, soaked,
soaked boiled and soaked fried green potato sticks.
As seen in Fig (2) ,the sharp reduction in solanine
could be achieved after frying, soaking, and combi-
nation of soaking and frying processes.

It could be conciuded that green potato tubers
which are usually considered as a waste during
sorting of potato tubers, can be used after peeling
for about 0.5 mm and frying if they subjected for
soaking in 4% acetic acid for not less than 60 min
before frying.

Table 5: Effect of combination of soaking in acetic acid and each of boiling and frying on selanine

content of potato sticks
Process Solanine content(mg/100g) {%) Solanine loss
WWB DWB DWB
Boiling (9min) after soaking for
0 min 20.79 £ 0.82¢ 151.2045.8 e
30 min 15.22 . 0.56° 109.70 +4.0v 27.44
60 min 9.79 + (.78 74.30 £5.9¢ 50.85
Frying (6 mip) after soaking for
0 min 20.79 £ 0.81¢ 151.20 3.2« e
30 min 10.47+ 0.870 29.40+1.40 80.55
60 min 6.23 £ (.98 16.50 £1.22 89.08

W W B : Solanine content on wet weight basis.
D W B : Sclanine content on dry weight basis.

Means in a column not sharing the same superscript are significantly different at P < 0.05
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Fig. 1: Potato tubers with high level of solanine content

Fig. 2: TLC of solanine separated from potato samples

: Solanine standard.
: Raw potatoes.
: Boiling at 100 C* for 9 min.
: Frying at 170 C° for 6 min.
: Soaking in 4% acetic acid for | hr.
: Boiling at 100 C° for 9 min after soaking in 4% acetic acid for 1 hr.
: Frying at 170 C° for 6 min after soaking in 4% acetic acid for 1 hr.
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