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ABSTRACT

A study was carried out to investigate the effects of storage conditions and periods on
glycoalkaloid content and nutritional value of Solanum tuberosum. Freshly harvested tubers of
Solanum tuberosum were purchased from terminal market in Jos and the glycoalkaloids content
and proximate evaluation of the stored tubers were carried out based on the length of storage.
The tubers were randomly grouped into 9. Groups 1-4 represent tubers stored. for a period of 1-4
week(s) respectively under sunlight at room temperature while group 5 represents the control, in
which the glycoalkaloids content was determined immediately after purchase. Tubers in groups 6-
9 were stored in the dark for 1-4 weeks
respectively. The results showed that the concentration of glycoalkaloid (900mg/1 00g #0.01) in gr

oup 5 tubers is significantly low (p<0.05) when compared with groups 1-4 tubers. Also the glycoalk
aloids  concentrations (1050mg/1 00g#0.01, 1100  mg/100g+0.01, 1200mg/100g+0.01  and
1350mg/1009+0.01) of groups 1-4 respectively were significantly elevated (p<0.05) when
compared with the control and tubers stored in the dark. However, there was no significant
difference (p>0.05) in the concentrations of glycoaikaloids of groups 6-9 and the control.
Nutritional evaluation revealed considerable amount of measured nutrient without significant
difference (p>0.05) in all the tubers stored in darkness, but there were significant reductions
(p<0.05) in the proteins of groups 1-4 tubers when compared with the control and tubers stored
under the dark condition. The increase in the glycoalkaloids content of Solanum tuberosum stored
under sunlight could be attributed to exposure to light causing greening, mechanical stress and
damage to the tubers, one of which is depletion of protein concentration. Such tubers can
predispose consumers to acute symptoms, such as gastrointestinal disorders. Storage in the dark is
hereby suggested. -
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INTRODUCTION

The potato plant originated from the Andes of Peru to Europe with Spanish
explorers in the 16th century and then spread gradually to other parts of the
world. The first introduction to potato farming and storing in Finland was
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documented by Laurell (1773), at a time when the potato was being established
in SouthWestern Finland. By the 20th century, the potato had become one of
the most important food staples as a source of carbohydrates. In everyday
language the word “potato” refers to the tuber-bearing cultivated potato
species Solanum tuberosum L., which bélongs to the family Solanaceae, genus
Solanum, section Petota, subsection Potatoe (Hawkes, 1990).

Potato is a cool-season vegetable without roots but specialized undei ground
storage stems called "tubers." It is the world's fourth-largest food crop,
following rice, wheat, and maize. The English word potato comes from Spanish
patata (the name used in Spain). The name potato originally referred to a type
of sweet potato rather than the other way around, although there is actually no
close relationship between the two plants. in many of the chronicles detailing
agriculture and plants, no distinction is made between the two (Weatherford,
1988) but in the United States potatoes are occasionally referred to as "lrish
potatoes” or "white potatoes” to distinguish them from sweet potatoes
(Simpson and Weiner, 1989). European colonizers and missionaries brought the
crop to Nigeria in the early part of the 20" century.

There are more than 100 varieties of potatoes belonging to eight or nine
species, depending on the taxonomic school among which is the white-skinned
or very light brown species commonly called ‘Irish Potato’(Olsson, 1989). Potato
has a high nutritional value providing a major source of protein, vitamins (By, B;,
B., Bs and C) and minerals such as Ca, Mg, Fe, P, K, Na etc (Friedman and Dao,
1992). It can also serve as a source of energy as?well as assortment of
phytochemicals like carotenoids and natural phenols. It is also known to have a
very low fat content (Simpson and Weiner, 1989).

Potatoes contain natural toxic compounds known as glycoalkaloids.
Glycoalkaloids are also found in other plants like tomatoes, eggplant, peppers
and tobacco but the contents in potato are more toxic. The principal
glycoalkaloids in potato are solanine and chaconine constituting 95% of the total
glycoalkaloids (TGA) in potato (Clsson, 1989). Glycoalkaloids are found in all
parts of the potato plant with the flowers possessing the highest
concentrations, followed by the leaves, shoots, roots, stems and tubers
(Friedman and Dao, 1992). Though glycoalkaloids contribute to potato’s flavour
and provide defense against predators like insects and fungi attack (Bushway et
al., 1983), when present in higher concentration, they become toxic and can
give a bitter taste. Concentrations of glycoalkaloids are 3 to 10 times greater in
the peel than in the flesh (Bushway et al., 1983). Storage conditions especially
light and temperature are mainly responsible for the increase in glycoalkaloid.
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Other factors may include transportation, heat, cutting, slicing, sprouting, aging,
physical damage and exposure to phytopathogens. Although the glycoalkaloid
content can increase in the dark, the rate of formation is only about 20% the
rate in light (Bushway et al., 1983).
The glycoalkaloids in edible potato cultivars are continuously being studied. The
natural presence of these toxic compounds in potato tubers has raised many
questions about the safety of the potato for consumption. The safety limit for
their concentration in edible cultivars is still under debate. On the other hand,
because glycoalkaloids in potato leaves provide natural protection against pests,
the complete elimination of these compounds through breeding is not
necessarily desirable. Because the glycoalkaloid content is dependent on the
genetic background of the plant, the glycoalkaloid profiles are often
considerably altered in potato hybrids.
The potato glycoalkaloids exert their toxic effects in the nervous system by
interfering with the body’s ability to regulate acetylcholine; a chemical
responsible for conducting nerve impulses. They also act by generally disrupting
the membranes and symptoms of glycoalkaloid toxicity include headache,
nausea, vomiting, diarrhea and abdominal pain (Rodick, 1996). Glycoalkaloids
are potentially toxic compounds that have a role in the plant's protection
system. Their toxicity is based on the anticholinesterase activity of the central
nervous system, to the disruption of cell membranes by complexation with
membrane 3hydroxysterols and to changes caused in active transport of ions
through membranes, resulting in disorders in general body metabolism
(Friedman et al., 1992a; Blankemeyer et al., 1992; Keukens et al.,, 1995;
Blankemeyer et al., 1995). Toxic symptoms in humans include neurological and
gastrointestinal disorders, such as vomiting, stomach pain, increased heart rate
and hallucinations.
The Joint Expert Committee on Food Additives (JECFA) of the FAO/WHO are yet
to determine a safe level of intake of the naturally occurring potato
glycoalkaloids, solanine and chaconine, but concluded that 20-100 mg/kg fresh
weight were of no concern based on historical consumption trends (Joint
FAO/WHO Expert Committee on Food Additives, 1993). The light-induced
. accumulation of chlorophyll and total glycoalkaloids has been studied for over
50 years (Jadhav and Salunkhe, 1975). However, either the storage conditions or
duration before use are not always reported. The physiological age of a tuber is
known to affect many aspects of its metabolism and its response to external
conditions (Burton et al., 1992) and consequently is likely to affect the response
of a tuber to light. Even if freshly harvested tubers are used in experiments, they
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may not be representative of actual foodstuffs, as the majority of potatoes
consumed by the public are stored before use. A number of studies have
examined the role of storage duration in glycoalkaloid production and
accumulation often with inconclusive or contradictory results (Friedman and
McDonald, 1997). A possible explanation for this was offered by Olsson and
Roslund (1995), who found a cycling of TGA during a 9 month storage period.
This study is therefore, aimed at examining the effects of storage conditions and
periods on glycoalkaloids content and nutritional value of Solanum tuberosum.

MATERIALS AND METHODS

Collection and Preparation of Samples

Freshly harvested tubers of Solanum tuberosum were purchased from terminal
market in Jos, Nigeria. The tubers were randomly grouped into 9. Groups 1-4
represent tubers stored for a period of 1-4 week(s) respectively under sunlight
at room temperature while group 5 represents the control, in which the
glycoalkaloids content was determined immediately after purchase. Tubers in
groups 6-9 were stored in the dark for 1-4 weeks respectively before analysis.
Drying of samples

After storage, the potato tubers were chopped and oven dried at a temperature
of 60°C according to the method described by Laurila (2004). The dried samples
were ground into fine powder with a mill and subjected'to extraction.
Glycoalkaloids extraction

In the present work, shake extraction method was used in eluting glycoalkloids
from the potato samples using a weak solution of acetic acid and organic
solvent (Friedman and McDonald, 1997), which was based on a standardized
method for extraction of potato glycoalkaloids from plant materials (AOAC,
2000). 100g of the fine powder sample was weighed using an analytical
weighing balance into an extracting medium containing 60% acetonitrile in 0.4M
acetic acid (v/v) with 1 mg/cm® sodium bisulphate. The mixture in the extracting
medium was shaken continuously for 24hrs to get an optimal extract. Bisulphate
was added during extraction to prevent oxidation of the extract (Edwards and
Cobb, 1996).
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Purification

After extraction of glycoalkaloid from the potato samples, the extract was
precipitated using aqueous ammonia at a pH of 10 (Bushway et al., 1979; Dao
and Friedman, 1996; Soleto and Serrano, 2001). 75ml of the extract was
measured from the extraction medium into a beaker and 100ml of ammonia
hydroxide was added to precipitate the glycoalkaloid from other mixtures in the
extract. The precipitate was decanted and then evaporated to dryness using a
water bath.

Quantification

Prior to evaporation to dryness, the empty beaker used in precipitating the
glycoalkaloids was weighed using analytical weighing balance. The amount of
glycoalkaloids in each stored samples was determined after evaporating to
dryness as shown below;

W,— W, =W,

W, = weight of beaker containing dry extract

W, = Weight of empty beaker.

W,= Weight of glycoalkaloid

Proximate Analysis

The proximate composition of Solanum tuberosum was determined using the
methods described by AOAC (1990). The crude protein content was evaluated
by digestion of sample using Kjeldhal’s method (Davani et al., 1989) and
nitrogen content was converted to protein by multiplying by a factor of 6.25

RESULT

The glycoalkaloid contents of fresh and stored potato (both under light
condition and in the dark) are shown in the Table 1. A significant increase (p <
0.05) in the glycoalkaloids concentration of Solanum tuberosum tubers was
observed in groups 1-4 (1050mg/100g, 1100mg/100g, 1200mg/100g and
1350mg/100g respectively) stored in light compared to the control {Group 5)
(900mg/100g). No significant difference (p > 0.05) was observed in groups 6-9 .
(905mg/100g, 905mg/100g, 911mg/100g, 915mg/100g respectively) of tubers
stored in the dark compared to the control (900mg/100g).

The result on proximate composition showed that there was no variation
(p>0.05) in the ash content, ascorbic acid content, crude fibre and carbohydrate
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contents of Solanum tuberosum samples stored in the dark and in the light
(Table: 2) relative to the control (group 5). There was also no significant
difference (p> 0.05) in the protein content of S. tuberosum tubers of groups 6 -
9 stored in the dark compared with the control while there was a significant
reduction (p<0.05) in the protein contents of group(s) 1-4 stored in the light
compared to the control (group 6).

Table 1: effect of storage condition and duration on the glycoalkaloid content
of stored potato tubers

Groups/Length Storage condition Glycoalkaloid Content
of storage mg/100g)

1 (week1) Light Exposed 1050+ 16.67°
2 (week 2) Light Exposed 1100 + 28.87°
3 (week 3) Light Exposed 1200 + 28.87°
4 {week 4) Light Exposed 1350+ 28.75°
5 (Week 0) Not Stored 900 + 28.87°
6 (week 1) Dark 905 +2.89°

7 (week 2) Dark 905 +2.89°

8 (week 3) Dark 911+ 2.89°

9 (week 4) Dark 915 +2.89°

Values are expressed as mean of 4 determinations+ SD. Values along the same column with different
superscripts are significantly different at p<0.05.

Table 2: Proximate Composition of potato tubers stored under light and dark

conditions

Groups/Condition Protein CHO content Ash content Ascorbic Acid Crude fibre

of storage content Content content
1(Light exposed) 2310317 18.00% 1.19° 1.50 £ 0.09° 32.44 +162° 3.40 +0.21°
2(Light exposed) 29+0.17° 18.23+ 0.95° 1.71+0.08° 2511 $1.21°  361%0.19°
3(Light exposed) 2.1:0.10° 17.88+ 1.20° 1.62+0.06° 2455 £1.11° 352 £0.14°
4(Light exposed) 1.7:0.11° 18.42+ 1.44° 1.90+0.07° 2032 +1.72° 3.11+0.18°
5 (Not stored) 4.3+031° 18.50+1.31° 1.70+0.05°  40.00 £3.21° 3.50 +0.12°
6 (dark) 4.00:0.32° 17.11+ 1.44° 158+0.06° 39.23+211°  3.40 +0.15°
7 (dark) 4.1210.21% 17.56+ 1.72° 1.60+0.05° 3976 £2.62° 371 £0.16°
8 (dark) 5.00£0.42° 18.12+ 1.51° 1.41+0.04° 37.94 +1.89° 298 +0.02°
9 (dark) 5.130.25° 18.44% 1.66° 1.67 +0.06° 37.59 +2.43°  3.53 £0.21°

Values are expressed as mean of 4 determinations+ SD. Values along the same column with different
superscripts are significantly different at p<0.05 .

DISCUSSION

Tubers do not stop producing glycalkaloids after harvest and improper handling
and/or storage conditions may cause a dramatic rise in these compounds
(Salunkhe et al., 1972). As has been previously observed, there were significant
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varietal differences in the extent of the greening response (Griffiths et al.,
1994). Although glycoalkaloids in potatoes are produced naturally by the plant,
certain factors such as exposure to light can have a significant effect on the
levels present. Exposure to light has a significant effect on the concentration of
both total and individual glycoalkaloids. Potatoes that become sunburned
during growth and start to 'green', owing to lack of soil cover tend to taste very
bitter as a result of their high glycoalkaloids content (Friedman and McDonald,
1997).

The significant elevation (p<0.05) in the glycoalkaloids concentration observed
in the respective stored tubers of Solanum tuberosum of groups 1-4 exposed to
light maybe as a result of mechanical damage experienced by the tubers and
physiological aging of the tubers with respect to the storage period under the
influence of light (Bomer and Matis, 1924; Griffiths et al., 1994). Light exposure,
mechanical damage/injury, metabolic stress, sprouting and poor storage
methods are factors that can cause glycoalkaloids to accumulate in potato
(Hendry et al., 1987).

Any type of injury or damage to the tuber will result in the accumulation of
glycoalkaloids. Diseases, insect attack or rough handling during or after harvest
will all initiate glycoalkaloid synthesis (as it is a defence response). Damaged
potatoes from retail generally contain elevated levels of glycoalkaloids
(Cantwell, 1994). The study therefore revealed that not only sunlight exposure
increases the glycoalkaloid content of potato tubers but the amount of
glycoalkaloid in potato increases greatly in potato tubers stored in the sunlight.
This may also be due tc mechanical stress. The highest glycoalkaloid
concentration in tubers of group 4 (1035mg/100g) may be an indication that
these tubers have a high metabolic rate in accumulating glycoalkaloid due to
long period of storage in the light and metabolic stress caused on the tubers by
light.

Storage conditions, especially light and temperature are mainly responsible for
increases in solanine during marketing. Although the glycoalkaloid content can
increase in the dark, the rate of formation is only about 20% the rate of
formation in light. The rate of synthesis of

glycoalkaloids at 24°C (75°F) is about twice the rate at 7°C (45°F) (Valkonen et
al., 1996). On the whole, storage at lower temperatures will prolong potato
quality, but at very low temperatures {0 - 5°C), stress becomes a factor and
glycoalkaloid accumulation starts to occur (Friedman and McDonald, 1997),
hence, the insignificant increase in glycoalkaloids content observed in the
potato stored in the dark.
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Potatoes as members of the Solanaceae plant family, serve as major inexpensive
low-fat food sources providing energy (starch), high-quality protein, fibre, and
vitamins. Potatoes also produce biologically active secondary metabolites,
which may have both adverse and beneficial effects in the diet. These include
glycoalkaloids, calystegine alkaloids, protease inhibitors, lectins, phenolic
compounds, and chlorophyll. This study revealed that the increase in
glycoalkaloid content of the potato stored in sunlight was accompanicd by a
significant reduction in the protein content of the potato tubers. The inc ease in
the glycoalkaloids content of Solanum tuberosum here could be attributed to
exposure to light causing greening, mechanical stress and damage to the tubers,
one of which is depletion of protein concentration, suggesting a depreciation of
nutrient {especially protein content) of potato exposed to sunlight over a period
of time. In the potato tubers stored in the dark, there was no significant
difference in the nutritional value of the different groups. This emphasizes the
effect of storage condition on nutritional value of potato tubers.

CONCLUSION AND RECOMMENDATION

The potato glycoalkaloids exert their toxic effects on the nervous system by
interfering with the body’s ability to regulate acetyicholine, a chemical
responsible for conducting nerve impulses. Potato glycoalkaloids also act by
general disruption of membranes, and symptoms of solanine toxicity include
headache, nausea, fatigue, vomiting, abdominal pain and diarrhea. This study
discovered that exposure of Solanum tuberosum to sunlight for a long period of
time causes the accumulation of more glycoalkaloids than when stored in the
dark. Also, the nutritional value (especially protein content) of potato tends to
depreciate with storage in the sunlight than in the dark. It is therefore
recommended that potato should preferably be stored in the dark.
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