Scientific Name

Solanum tuberosum L.

Synonyms

Solanum andigenum Juz. & Bukasov, Solanum
andigenum subsp. aya-papa Bukasov & Lechn.,
Solanum andigenum subsp. bolivianum Lechn.,
Solanum  andigenum  subsp. ecuatorianum
Lechn., Solanum aquinas Bukasov, Solanum chi-
loense Berthault, Solanum chilotanum Hawkes,
Solanum cultum Berthault, Solanum diemii
Briicher, Solanum fonckii Phil., Solanum kessel-
brenneri Juz. & Bukasov, Solanum leptostigma
Juz. & Buk., Solanum molinae Juz., Solanum
oceanicum Briicher, Solanum ochoanum Lechn.,
Solanum sanmartiniense Brucher, Solanum
subandigena Hawkes, Solanum tascalense
Brucher, Solanum tuberosum var. guaytecarum
Hawkes, Solanum tuberosum var. tuberosum,
Solanum tuberosum subsp. tuberosum, Solanum
zykinii Lechn.

Family

Solanaceae
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Common/English Names

Common Potato, Irish Potato, European Potato,
Potato, Spud, White Potato

Vernacular Names

Afrikaans: Aartappel

Albanian: Patate

Arabic: Batates

Austria:  Aardapfel,
Erdapfel (German)

Bulgarian: Kartof

Burmese: Ah Lou, Ar Loo

Chinese: Ma Ling Shu, Tudou, Yangyu

Croatian: Krumpir

Czech: Brambor

Danish: Kartoffel, Kartofler

Dutch: Aardappel, Aardappelen

Estonian: Kartul

Ethiopia: Dinittch

Finnish: Peruna, Potaati

French: Pomme De Terre, Patata

Gabon: Emongo-a-mutangani (Baduma),
Amongo-mbé-ntanga  (Bakele), Mongu-
Bibamba (Balumbu), Mbala-bibamba
(Bapunu), Mbala-yi-mutangeni (Bavarama,
Bavungu, Eshira), Lifita-la-gibamba (Bavili),
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Mbongo-y’utangani  (Benga), Imongo-i-
ntangani (Béséki), Amonghe-ntangha (Fang),

Futa-wu-otangani  (Mindumu), égwéta-a
gébamba (Mitsogo), Mongo-y’atanga

(Mpongwe, Galoa, Nkomi, Orungu), Mongo-
a-gebamba (Ngow¢é)

German: Herdapfel, Inkatriiffel, Kartoffel,
Kartoffeln, Kautiiffel, Ketiiffel, Krumbirn,
Krumbiir, Tartuffli

Greek: Patita

Hungarian: Burgonya

Icelandic: Kartafla

India: Aalu (Bengali), Bataka, Batata (Gujerati),
Alu, Salooalu (Hindi), Urulaikkilangnku
(Tamil)

Indonesia: Kentang

Italian: Pomi Di Terra, Patata, Tartufolo

Japanese: Jagaimo

Korean: Gamsa

Khmer: Damlong Barang

Laotian: Man Falangx

Latvian: Kartupelis

Malaysia: Ubi Kentang

Morocco: Batata, Btatd (Moroco), Pomme De
Terre (French)

Nepali: Alu, Aloo

Papua New Guinea: Poteto

Peru: Papa Comiin

Philippines: Papas, Patatas (Cebu Bisaya, Bikol,
Tagalog)

Polish: Ziemniaki

Portuguese: Batata, Batata-Da-Terra-Semelha,
Batateira

Romanian: Cartof

Russian: Kartofel, Kartoska

Serbian: Krompir

Slovakian: Zemiak, Bramboru

Slovenian: Krompir

Spanish: Papa, Patata

Swedish: Jordpiron, Kartoffel, Potatis, Potit,
Tartuffe

Switzerland: Ardoffel, Mailinterra, Tartuffel,
Tiffel, Truffel (French, Romansh Switzerland),

Erdbirne, Erpele, Frundbirne, Gummel
(German, Schwyz Canton), Grundbirn,

Happere, Hardopfel, Harpfel (German, Upper
Valais)

Welsh: Cloron, Tatws

Thai: Man-Farang, Man-Alu
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Turkish: Patates
Ukrainian: Kartoplja
Vietnamese: Cay Khoai Tay, Khoai Tay

Origin/Distribution

The potato originated in the Andean regions of
Peru and Bolivia. The potato was introduced into
Spain from South America in the latter half of the
sixteenth century. From Spain, the potato was
introduced to adjacent countries and within
100 years was being grown fairly extensively in
many regions of Europe. Distribution beyond
Europe soon occurred with the introduction into
India in the seventeenth century and China and
Japan in the eighteenth century.

Agroecology

Potato is a cool climate crop. It prefers day tem-
peratures of 20-25°C and night temperatures
below 20 °C. Such temperature conditions are
conducive to growth and tuberisation. Night tem-
peratures above 22 °C retard tuberisation. In the
tropics it is usually grown in the highlands above
800 m where the temperatures are cooler. In PNG
they are grown in altitude between 1500 m and
2200 m. High light intensities are required for
optimum dry matter production. It is susceptible
to frost and freezing. Potato requires a well dis-
tributed rainfall of 500-750 mm in a growing
period of 3—4.5 months.

Potato grows on a wide range of soils but not
waterlogged soils. It grows best in loose, friable
soil and well-drained mineral or organic soils
with medium loam or light or medium silty tex-
tures. Deep soils with good aeration and perme-
ability give good growth and high tuber yields.
Potato tolerates a wide range of pH from 4.8-7.

Edible Plant Parts and Uses

Potato is a very versatile food crop that can be
used in multivariate ways. It is eaten cooked and
occasionally raw. Potato can be boiled, steamed,
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microwaved, baked, fried, grilled, mashed and
added to soups, stews, curries, pies, vegetable
salads, dumplings, pancakes (‘rosti’) and goes
well with all sorts of meat and seafood. One com-
mon dish is mashed potato where boiled, peeled
potato is mashed with butter, margarine, milk or
yoghurt. Potato is also consumed as fresh fries,
pomes fries, wedges, potato bread (such as boxty)
and hash browns. Potato is also thinly sliced and
made into chips and crisps by baking or deep-
frying for snack appetiser or as a side dish.
Potatoes have been used to prepare a product
known as chufio, which has played an important
role in the diet of the population of the highland
and lowland Andes of South America. Potato can
be processed into many dehydrated, frozen or
canned tubers. Potatoes can also be processed
into alcohol and alcoholic beverages including
vodka and schnapps.

Potato tuber storage protein, patatin, was
found to have potential as food ingredients, in
cheese making (Spellbrink et al. 2015). When
patatin was added to milk during cheese making,
the lipase preferentially released short-chain fatty
acids that contributed to cheese flavour in a dose-
dependent manner. Fortuitously, the lipase activ-
ity was found mainly in the curd.

Potato flour/potato starch is an important
processed product from potato and has highly
versatile uses in manufacturing convenience
foods—ready to cook instant curries, dhals and
snacks. Potato flour/starch can be used to prepare
potato mash, snack foods, extruded foods, sweets
and other bakery products (cakes, bread, pan-
cakes, etc.), weaning foods and baby foods. Its
protein content is superior to that of cassava and
yam flour, slightly inferior to that of refined
maize meal and wheat flour and similar to that of
rice. Potato flour has higher levels of fibre than
refined wheat flour, maize meal and rice but
lower levels of fibre than cassava and yam flour.
Its carbohydrate and energy contents are compa-
rable to those of similar foods. The high starch
content in potato flour can improve the functional
properties of several food products. It has a
higher heat point than cornstarch, so it may be
superior for certain foods that require high tem-
peratures. Another health benefit is that potato
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flour or potato starch is gluten-free and is used as
a substitute for wheat to make gluten-free food
products for people with gluten intolerance. It
can be also blended with wheat flour to make
instant noodles, the Indian ‘paratha’ bread and
the Indian sweet preparation ‘gulab jamun’
(potato flour, wheat flour and milk). It is com-
monly used as thickeners in soups, sauces and
gravies. Potato starch is much used for determin-
ing the diastatic value of malt extract (Grieve
1971). A volatile oil—chemically termed amylic
alcohol, in Germany known as Fuselol—is dis-
tilled by fermentation from potato spirit. Boiled
with weak sulphuric acid, potato starch is
changed into glucose or grape sugar, which by
fermentation yields alcohol, this spirit being
often sold under the name of British Brandy.

Potato starch/flour is widely used for making
commercial extruded and blended potato chips/
crisp snack food, viz. Pringles and Lay’s Stax
brands.

The carbohydrate (starch and sugar) composi-
tion of tubers plays an important role in deter-
mining variety usage. Processing varieties, for
example, must have relatively high starch and
low reducing sugar (glucose/fructose) levels.
Starch content is directly related to specific grav-
ity (SG) or dry matter (DM) in tubers. Typically,
60-80 % of the dry matter is present as starch.
Therefore, high specific gravity or high dry mat-
ter (solids) tubers contain high levels of starch.
Generally, table varieties have low SG below
1.069 and low DM below 18.1 %. Some exam-
ples are Desiree, Red Pontiac, Sequoia, Sebago,
Bintje, Patrones, Denali, Granola, Tess, Pontiac,
Bison, Red Bison and Nadine. Varieties with
high SG above 1.079 and high DM above 20.3 %
are used for processing, e.g. Atlantic, Snowden,
Shepody, Niska, Chipeta, Norvalley, Ivory Crisp,
Dakota Pearl, Gemchip, Russet Burbank, Ranger
Russet and Kennebec.

Botany
An erect or sprawling herb, 30-100 cm tall, with

robust angular, branched and winged stem gla-
brous or sparsely pubescent with simple and
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glandular hairs (Plates 1 and 2). Stolons bearing
underground tubers; tubers white, brown, yellow-
ish brown, pink, red, purple or purplish blue; glo-
bose, oblate or elliptic; 3—10 cm in diameter;
fleshy; and with axillary buds (eyes) and numer-
ous lenticels (Plates 3,4, 5, 6, 7, 8, and 9). Leaves
alternate, interruptedly odd-pinnate, with 6-8
pairs of leaflets and smaller, unequal interstitial
leaflets; petiole 2.5-5 cm long, leaflet blade ovate

Plate 1 Potato plant habit

Plate 2 Leaves and
flower

or oblong, 2-10 cm by 1-6 cm, dark green,
pinnatinerved,  mostly  sparingly  pilose.
Inflorescences appearing terminal, leaf opposed,
or axillary, many-flowered, sparingly branched
panicles. Pedicel articulate near middle, 1-2 cm.
Calyx campanulate with 5-lanceolate lobes
sparsely pubescent; Corolla white, pink, or blue
purple (Plate 2), sometimes all on one plant,
rotate to rotate—stellate, 2.5-3 cm in diameter,
with 5 deltate lobes, 5 mm; filaments thick with
five free, erect yellow anthers, 5-6 mm. Ovary
glabrous. Style 8 mm with capitate stigma, berry
green or yellowish green, often striped, globose,
smooth, 1.5-2 cm in diameter. Seeds numerous
(300), flat, suborbicular to ovate, small, yellow-
ish brown embedded in mucilaginous pulp.

Nutritive/Medicinal Properties

The proximate nutrient value per 100 g edible
portion of raw, skin potato was reported as: water
83.29 g, energy 58 kcal (243 kJ), protein 2.57 g,
total lipid 0. 10 g, ash 1.61 g, carbohydrate
12.44 g, total dietary fibre 2.5 g, minerals (Ca
30 mg, Fe 3.24 mg, Mg 23 mg, P 38 mg, K
413 mg, Na 10 g, Zn 0.35 mg, Cu 0.423 mg, Mn
0.602 mg, Se 0.3 pg), vitamins (vitamin C
11.4 mg, thiamine 0.021 mg, riboflavin 0.038 mg,
niacin 1.033 mg, pantothenic acid 0.302 mg,
vitamin B6 0.239 mg), total folate 17 pg, total
saturated fatty acids 0.026 g (10:0 0.001 g, 12:0
0.003 g, 14:00.001 g, 16:00.016 g, 18:0 0.004 g),
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Plate 3 Potatoes with different skin colours

Plate 4 Desiree potatoes

total monounsaturated fatty acids 0.002 g (16:1
undifferentiated 0.001 g and 18:1 undifferenti-
ated 0.001 g) and total polyunsaturated fatty
acids 0.043 g (18:2 undifferentiated 0.032 g and
18:3 undifferentiated 0.010 g) (USDA-ARS
2014). The variety xlocation interaction and
location effects of soluble and insoluble dietary

fibre contents of six Canadian potato varieties
were significant on a dry weight basis (Mullin
et al. 1993). The same effects for total dietary
fibre were significant after storage except for sol-
uble fibre in the skins, insoluble fibre in the flesh
and whole potatoes. On a fresh weight basis, the
range of soluble fibre was 0.9-1.30 % for both
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Plate 5 Bintje potatoes

Plate 6 Kipfler potatoes

fresh and stored potatoes; for insoluble fibre the
range was 0.6-0.8 % and 0.6-0.7 % for fresh and
stored samples, respectively.

The following sugars were found in cold-
stored Kennebec potato tubers with stearic acid
as internal standard: B-p-fructose; o-glucose,
B-p-glucose, myo-inositol and sucrose (Varns
and Shaw 1973). Potato tubers were found to
contain citric and malic acids in the ratio of
nearly 20:1 together with a small amount of iso-
citric acid (Curl and Nelson 1940).

A total of 17 fatty acids were detected in quan-
tifiable amounts in all genotypes of Solanum
phureja and S. tuberosum (Dobson et al. 2004).
The predominant fatty acid was linoleic followed
by o-linolenic and palmitic acids. 15-Methyl

hexadecanoate was present as a minor acid in
both species. For both species, the contents (both
as absolute levels and as percent compositions)
of linoleic acid decreased and o-linolenic acid
increased in tubers over the whole storage period.
Niacin degradation in potato followed first-order
kinetics, where the rate constant increased with
an increase in the temperature of 50-120 °C (iso-
thermal process) (Nish et al. 2009). The results
obtained indicate a niacin degradation of a simi-
lar magnitude in all three modes of cooking,
namely, normal open pan cooking, pressure
cooking and a newly developed and patented
fuel-efficient ‘EcoCooker’. Potatoes had been
found to contain a number of health-promoting
phytonutrients such as phenolics, flavonoids,
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Plate 7 Purple Congo potatoes

Plate 8 Royal blue potatoes

folates, kukoamines and carotenoids (Ezekiel
et al. 2013). Pigmented potatoes contained high
concentration of phenolic acids as compared to
white-fleshed potatoes and richer in natural
colourants and antioxidants.

Proteins

Potato had been reported to have several types of
protein. Osborne and Campbell (1896) isolated a
globulin from potato tubers by salt extraction
which they designated ‘tuberin’. Kon (1928)
reported on the nutritional value of tuberin, the
globulin of potato. Groot et al. (1947) separated
tuberin into two fractions by electrophoresis.
Slack (1948) concluded that the only true protein
present in potato was a globulin. Lindner et al.
(1960) fractionated potato tuber proteins into

tuberin, globulin II, albumin, prolamine and glu-

telin. Stegmann and Loeschcke (1961),
Desborough and Peloquin (1966) and Nakasone
et al. (1972) separated tuber proteins into addi-
tional fractions by electrophoresis and chroma-
tography. Kapoor et al. (1975) fractionated
protein in Red Pontiac tuber into tuberin, the
main proteins (71 %), and found that 40 % of
tuberin was albumin. All the protein fractions
except prolamine were well balanced in essential
amino acids and comparable to FAO reference
protein. Methionine was the limiting amino acid
of the potato fractions. The chemical score,
essential amino acid indices and biological value
of albumin, globulin, glutelin and residual pro-
tein did not vary significantly. Since all the frac-
tions except prolamine, which is a negligible
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Plate 9 Royal blue potato flesh
colour

portion of total protein, are of high nutritional
quality, Red Pontiac has high-quality protein.
Potato tubers had 1.67 % N/dry matter (Gorinstein
et al. 1988). Of the total N content, 43 % was dia-
lyzable N and 32.9 % true protein N. The protein,
by solubility fractionation, provided 67 % albu-
min, 23 % globulin, 1.4 % prolamine and 9 %
glutelins. Albumin had two major protein spe-
cies, one of 45 x 10° and the other of 12-25x 10?
daltons. Prolamine and glutelins contained pro-
tein bands coinciding in molecular weight with
those of albumin and globulin. Some minor
losses in protein composition of potatoes
occurred during processing. Ultrafiltration gave
the best yield recovery of protein from potato
juice compared to polyelectrolyte coagulation
and cryoconcentration (Wojnowska et al. 1981).
Depending on the method of potato juice concen-
tration, differences were observed in: foaming
and emulsifying properties, wettability, swelling
and buffer capacity of preparations. The dried
preparations contained a high level of proteolytic
enzyme inhibitors and glycoalkaloids. Thermal
inactivation of preparations before drying led to
43-48 % destruction of protease inhibitors and
81-89 % glycoalkaloids. At the same time, it was
observed that thermal treatment led to distinct
changes in the amino acid composition of the
proteins and had an adverse effect on the proper-
ties of the dried preparations.

Racusen and Foote (1980) reported that a gly-
coprotein of molecular mass about 45,000
accounted for about 20 % of the total soluble pro-
tein in potato and proposed the alternative name

‘patatin’, based on ‘patata’, the original American
Indian-derived Spanish word for potato. Park
et al. (1983) estimated the molecular mass of
patatin to be about 40,000 and showed extensive
heterogeneity with forms differing in electropho-
retic mobility at pH 8- 6 and in mobility on SDS—
PAGE. Paiva et al. (1983) demonstrated that there
was a linear relationship between the amount of
patatin, expressed as a percentage of total soluble
protein, and the logarithm of tuber weight from
0-3 to 300 g, with patatin forming about 40 % of
the total soluble protein in tubers above about
200 g. Under normal conditions, patatin was
found in only trace amounts, if at all, in leaves,
stems or roots of plants which were either actively
forming tubers or which had been grown under
long days to prevent tuberisation. However, if
tubers and axillary buds were removed, patatin
could accumulate in stems and petioles. Patatin
was reported to account for 3040 % of the total
soluble protein in potato tubers (Andrews et al.
1988). Besides being a storage protein, it also
exhibited lipid acyl hydrolase and acyltransferase
activities. It was active with phospholipids,
monoacylglycerols and p-nitrophenyl esters and
moderately active with galactolipids but is appar-
ently inactive with di- and triacylglycerols.
Isolated patatin at room temperature was found to
be a highly structured molecule at both second-
ary and tertiary levels (Pots et al. 1998). About
33 % of the residues adopted an a-helical and
46 % a P-stranded structure. Patatin was ther-
mally destabilised at temperatures exceeding
28 °C. It was shown that parts of the a-helical
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contributions unfold in the 45-55 °C region,
whereas the f-stranded parts unfold more gradu-
ally at temperatures of 50-90 °C. Patatin from
potato tuber was found to have a molecular mass
of 45 kDa (Liu et al. 2003). van Koningsveld
et al. (2001) reported the soluble potato proteins
to mainly compose of patatin and protease inhibi-
tors. Potato proteins were soluble at neutral and
strongly acidic pH values. The tertiary structure
of patatin was irreversibly altered by precipita-
tion at pH 5. At mildly acidic pH, the overall
potato protein solubility was dependent on ionic
strength and the presence of unfolded patatin.
Thermal unfolding of the protease inhibitors was
correlated with a decrease in protease inhibitor
activities and resulted in an ionic strength-
dependent loss of protein solubility.

Three protein inhibitors of proteolytic
enzymes with molecular weights 21, 22 and 23
kD were isolated from potato tubers (Valueva
et al. 1997). The 21- and 22-kD proteins were
shown to be serine proteinase inhibitors with dif-
ferent specificities. The 21-kD protein inhibited
human leucocyte elastase and trypsin effectively
but was less effective towards chymotrypsin. The
22-kD protein was an inhibitor of cysteine pro-
teinases and suppressed the activities of papain,
ficin and bromelain with the same affinities.
None of the isolated proteins inhibited subtilisin,
pepsin or cathepsin D. The 21-kD protein con-
sisted of two disulphide-linked polypeptide
chains with molecular weights of 16.5 kD and 4.5
1 kD. The 22-kD and 23-kD proteins possessed a
single polypeptide chain. The N-terminal 22-25
amino acid sequences of these three proteins
exhibited significant homology to other plant
inhibitors from the Kunitz soybean inhibitor
superfamily. Three protein proteolytic enzyme
inhibitors with molecular masses 21, 22 and
23 kDa were isolated from intact potato tubers
(Valueva et al. 1998)). The 21 and 22 kDa pro-
teins denoted as PSPI-21 and PSPI-22, respec-
tively, were serine proteinase inhibitors with
different specificity. The 23 kDa protein denoted
as PCPI-23 was an inhibitor of plant cysteine
proteinases. The PSPI-21 molecule consisted of
two disulphide-linked polypeptide chains with
molecular masses of 16.5 kDa and 4.5 kDa. The
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PSPI-22 and PCPI-23 had one polypeptide chain.
They exhibited significant homology to other
plant inhibitors which were members of the soy-
bean Kunitz inhibitor family. It was found that at
least PSPI-21 and PSPI-22 could predominantly
accumulate in potato tubers infected with
Phytophthora infestans. A 21-kD protein isolated
earlier from potato tubers was found to have two
isoforms, with pI 6.3 and 5.2 (Valueva et al.
1999). The primary structures of the two forms
consisted of 187 and 186 amino acid residues.
Both isoforms were composed of two polypep-
tide chains, designated A and B, linked by a sin-
gle disulphide bond between Cys-146 of the A
chain and Cys-7 of the B chain. The amino acid
sequences of the A chains of the two forms, con-
sisting of 150 residues each, differed in a single
amino acid residue at position 52 (Val—Ile),
while the B chains, containing 37 and 36 resi-
dues, respectively, had substitutions at nine posi-
tions (Leu-8 — Ser-8, Lys-25--Asp-26 — Asn-25-
Glu-26, Ile-31--Ser-32 — Val-31-Leu-32, Lys-34-
GIn-35-Val-36--GIn-37- - GIn-34-Glu-35-
Val-36). Both isoforms formed stable inhibiting
complexes with human leukocyte elastase and
were less effective against chymotrypsin and
trypsin.

Protein concentrates isolated from potato fruit
juice by precipitation with ethanol or ferric chlo-
ride afforded exhibited yield of 69 % and 86.5 %
of total protein, respectively, and high nutritional
value; values of essential amino acid index
(EAAI) were 81.7 % and 82.7 %, respectively
(Bartova and Barta 2009). Fraction of patatin
proteins (39-43 kDa) represented with EAAI
value of 86.1 % the nutritionally improved pro-
tein component. Lipid acyl hydrolase activity of
patatin family was not negatively affected by
cooled ethanol precipitation. Sun et al. (2013)
reported that patatin purified from potato fruit
juice possessed a monosaccharide composition
of rhamnose, mannose, glucose and galactose
with a molar ratio of 41:30:21:8, and patatin con-
sisted of (1 — 3) linked a-mannose, (1 — 4) linked
a-galactose, (1 —4) linked pB-glucose and (1 —2)
linked a-rhamnose. Potato fruit juice, prepared
using Canadian variety of potatoes, was found to
compose 22.9 % patatin, 53.3 % protease inhibi-
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tors and 23.7 % high MW proteins (Waglay et al.
2014). (NH,),SO, precipitation led to the highest
yield (98.6 %) and to the recovery of protein iso-
lates enriched in patatin with high resolubility.
FeCl; precipitation resulted in the highest purifi-
cation factor (6.2) and isolates with the lowest
relative proportion of high MW proteins
(<4.6 %). FeCl; and MnCl, were identified as the
best precipitating agents for the enrichment of
isolates with >15 kDa protease inhibitors. Trypsin
inhibiting activities of protease inhibitors were
highly preserved upon protein isolation than the
chymotrypsin ones. Acidic-based protein isolate
showed the highest specific lipid acyl hydrolase
activity of patatin towards o-nitrophenyl butyr-
ate, whereas the FeCl;-based one exhibited the
highest activity towards 4-nitrophenyl laurate. A
protein with molecular weight of 21 kD denoted
as PKSI was isolated from potato tubers (Solanum
tuberosum cv. Istrinskii) (Revina et al. 2004). The
N-terminal sequence of the protein consisted of
19 amino acid residues and was highly homolo-
gous to sequences of the known inhibitors from
group C of the subfamily of potato Kunitz-type
proteinase inhibitors. The protein effectively
inhibited the activity of subtilisin but was inac-
tive against trypsin, chymotrypsin and the cyste-
ine proteinase papain. A protein of 22 kDa
designated as PKTI-22 was isolated from potato
tubers (Solanum tuberosum cv. Istrinskii) (Revina
et al. 2010). The protein efficiently suppressed
the activity of trypsin but affected chymotrypsin
less and did not affect subtilisin Carlsberg. The
N-terminal sequence of PKTI-22 (20 amino acid
residues) was found to be highly homologous
with the amino acid sequences of the potato
Kunitz-type proteinase inhibitors of group B
(PKPI-B).

Peksa et al. (2013) found that the quality of
protein depended on potato variety but not on its
flesh colour or total protein content. Leucine lim-
ited the quality of protein of the majority of
coloured potato varieties. Purple-fleshed varieties
Vitelotte and Blaue Anneliese, yellow-fleshed
Verdi as well as red-fleshed Herbie 26, Highland
B. Red and Rosemarie were found to have the
best amino acid profiles and essential amino acid
index.
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Two enzymes involved in the biosynthesis of
starch in potato were extracted from potato juice;
Q-enzyme in crystalline form was precipitated
with ethanol at low temperature (Gilbert and
Patrick 1952a) and phosphorylase (Gilbert and
Patrick 1952b).

Phytosterols
Free sterols, f-sitosterol and stigmasterol were
isolated from white-fleshed potato (Schwartz and
Wall 1955). Raw potatoes were found to contain
(mg/100 g) 0.98 mg total phytosterols compris-
ing 0.04 mg campesterol, 0.10 mg stigmasterol,
0.54 mg p-sitosterol, 0.30 mg A3-avensterol and
also 0.05 mg squalene (Chiou et al. 2009). In the
Katahdin variety of Solanum tuberosum, incor-
poration of mevalonic acid-2-C'* into the major
sterols, stigmasterol and p-sitosterol, occurred in
1 week (Johnson et al. 1964). Incorporation into
B-sitosterol started sooner and occurred to a
greater degree than in the case of stigmasterol.
The following phytosterols had been reported
to occur in unsaponifiable lipids from potato
leaves: p-sitosterol and a methylsterol assumed to
be lophenol or citrostadienol (Schreiber et al.
1961); cycloartenol, 24-methyl-cycoartenol and
a-sitosterol (Schreiber and Osske 1962, 1963,
1964); lophenol, 24-methylene-lophenol and
4o-methyl-Sa-stigmasta-7,24(28)-diene-3f-ol
(24-ethylidene-lophenol) (Osske and Schreiber
1965; Schreiber and Osske 1962, 1963, 1964);
AS-campesterol, stigmasterol and cholesterol
(Ardenne et al. 1963, 1965; Johnson et al. 1963;
Osske and Schreiber 1965) and cyclolaudenol
(Schreiber and Osske 1964). From haulm and
tuber sprouts of potato cv. Desiree fractions, A>-
sterols and A’-sterols, 4-methyl-sterols, triterpe-
nic alcohols, tocopherols and hydrocarbons were
isolated (Stankovié et al. 1990). Sterol and triter-
penic alcohol fractions of unsaponifiable lipids of
the haulm and tuber sprouts were found to con-
tain twelve sterols and four triterpenic alcohols,
respectively. The lipid components identified
were cholesterol, campesterol, stigmasterol
B-sitosterol, 24R-4-stigmasten-3-on, cycloeu-
calenol, obtusifoliol, lophenol, 24-methylene-
lophenol, 24-ethylidene-lophenol,24-methylene-
cycloartanol, cycloartenol, lanosterol, f-amyrin,



22

phytol, Cu-to  Csy,-parafins, Cp-and Cjj-
cyclohexyl hydrocarbons, Cx-to Csg-olefins
and squalene. 24R-4-stigmasten-3-on, A’-
campesterol, A’-stigmasterol, lanosterol,
cycloeucalenol and obtusifoliol had not been
identified previously in unsaponifiable lipids
from haulm and sprouts.

The level of glycoalkaloids present in freshly
cut potato tuber discs started to increase after
24 h of incubation (Bergenstrahle et al. 1992).
This accumulation was inhibited by the sterol
synthesis inhibitor, tridemorph, and was thus due
to synthesis de novo. Concomitant to the accu-
mulation of glycoalkaloids, there was an increase
in the specific activity of a glycoalkaloid-specific
enzyme, UDP-glucose:solanidine glucosyltrans-
ferase (solanidine-GT). Other sterol-metabolizing
enzymes S-adenosyl-L-methionine:cycloartenol
methyltransferase (cycloartenol-MT) exhibited
different time-course curves. Addition of
ethephon or tridemorph inhibited the accumula-
tion of sterols and sterol precursors in potato
tuber discs (Bergenstrahle et al. 1996). In
the 4,4-dimethylsterol fraction and the
4a-methylsterol fraction, only compounds with a
nonalkylated side chain were found. The
4-desmethylsterols synthesised de novo were, in
tridemorph-treated  discs, pollinastanol and
Sa-cholest-8-en-3-ol; in ethephon-treated discs,
isofucosterol; and, in control discs, isofucosterol
and cholesterol. The cholesterol concentration
decreased concurrently with the accumulation of
glycoalkaloids. The results showed that choles-
terol synthesis was stimulated in potato discs and
indicated cholesterol to be a precursor of glycoal-
kaloids in potato.

Potato Starch

The amylose content of starches ranged between
15.0 % and 23.1 % and differed significantly
among different potato cultivars (Kaur et al.
2007). Pasting temperatures of different potato
starches ranged from 64.5 to 69.5 °C, the highest
for Kufri Sindhuri (Patna) and the lowest for
Kufri Bahar (Jalandhar). The transmittance value
decreased progressively during refrigerated stor-
age of pastes from different potato starches. The
transition temperatures (onset temperature (To);
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peak temperature (Tp); conclusion temperature
(Tc)), gelatinisation temperature range (R) and
enthalpies of gelatinization (DHgel) of the
starches from different potato cultivars differed
significantly. Potato starch showed the presence
of exceptionally large size granules. The granules
showed the size between 32.37 and 42.05 pm.
Kufri Lauvkar (Gwalior) starch showed the pres-
ence of smaller size granules, and Kufri
Chipsona-2 (Modipuram) showed larger gran-
ules. Ash content ranged from 0.06 to 0.45 %.
Swelling power (SP) ranged from 29.27 to
48.61 % and solubility ranged from 4.17 to
36.98 %. Peak viscosity ranged from 4145 to
6803 cP, hot paste viscosity(HPV) 1950-3204 cP,
cold paste viscosity (CPV) 2351-3606 cP, set-
back viscosity 282-436 cP, breakdown (BD)
18504490 cP, pasting temperature (Ptemp)
64.50-69.40 °C and pasting time (PT) 3.60-
5.70 min. Ash content which mainly represented
the phosphorus content in potato starch was posi-
tively correlated to hot paste viscosity, To and Tp,
and negatively correlated with SP. Amylose con-
tent was positively correlated to HPV and cold
paste viscosity. Amylose content was negatively
correlated to transmittance measured after stor-
age of 0, 24 and 72 h. Solubility was positively
correlated with To and Tp. Solubility was posi-
tively correlated with To and Tp. PV showed sig-
nificant positive correlation with BD and negative
correlation with PT. HPV showed significant
positive correlation with CPV and negative cor-
relation with transmittance. CPV showed posi-
tive correlation to PT, Ptemp, Tp and Tc and
negative correlation to transmittance. BD showed
highly negative correlation with PT and positive
correlation with transmittance. Ptemp showed
highly positive correlation with transition tem-
peratures To, Tp and Tc and negative correlation
with transmittance. To showed significant posi-
tive correlation with Tp and Tc and Tp also
showed significant positive correlation with Tc.
Mean granule size did not correlate significantly
with PV, BD and Ptemp.

Scanning electron microscopy showed potato
starch granules to be oval and irregular shaped
with average diameter of 15 pm, and the granule
diameter increased after storage (Ezekiel et al.
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2010). Pasting temperature of starch separated
from potato varied from 64.6 to 67.7 °C before
storage, and it varied from 66.9 to 69.4 °C after
90-day storage at different temperatures. Peak
viscosity was lower after storage at 8 °C and
higher at 16 °C. Hot paste viscosity decreased,
while breakdown viscosity and set back viscosity
increased after storage, and there was no signifi-
cant change in cold paste viscosity. A significant
decrease in pasting time and increase in pasting
temperature was observed after storage.
Phosphorus content showed significant positive
correlation with peak viscosity (R*=0.452) and
breakdown viscosity (R?=0.685) and a negative
correlation with amylose content (R?=-0.674).
X-ray diffraction analysis of potato starch sam-
ples revealed B-type pattern. Scanning electron
microscopy (SEM) showed the presence of oval
and irregular-shaped potato starch granules with
a diameter range of 15-16 pm (Ezekiel et al.
2007). Mean granule size of starch separated
from potatoes stored at 12 °C ranged from 18 to
25 pm and irradiation treatment resulted in an
increase in the proportion of small size granules.
The irradiation of potatoes with 0.5 kGy caused a
significant increase in setback and pasting tem-
perature. Pasting temperature of starch was
observed to vary with the storage temperature.
Starch separated from potatoes stored at higher
temperature showed lower pasting temperature
and vice versa. The starch from potatoes stored at
8 °C showed higher peak, trough and breakdown
viscosity and lower setback. Peak viscosity
increased and swelling volume decreased with
increase in storage temperature.

Mica (1976) found that during storage of pota-
toes, changes occurred in starch content, starch
granule size, phosphorus, potassium and calcium
content in the starch. The potassium content
decreased during storage as a function of tem-
perature. The phosphorus content decreased at
+2 °C and increased at +10 °C. The calcium con-
tent increased in the final stage of storage. The
phosphorus content in the starch decreased dur-
ing storage. Onset and peak transition tempera-
tures and gelatinisation enthalpy of potato starch
from 42 potato genotypes intercorrelated (Kim
et al. 1995). Transition temperatures intercorre-
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lated with pasting temperature. Gelatinisation
enthalpy correlated with Brabender pasting tem-
perature and peak paste viscosity, and onset
temperature correlated with phosphorus content.
Potato starch differential scanning calorimetry
(DSC) characteristics did not correlate with amy-
lose, intrinsic viscosity or water binding.

The physico-chemical properties of Irish
potato starch were reported by Nwokocha et al.
(2014) as follows: 14.64 % moisture, 0.11 % ash,
0.23 % fat, 0.07 % nitrogen, 0.07 % phosphorus
and 25.08 % amylose; particle characteristics
(particle number 97, maximum diameter 47 mm,
minimum diameter 13.39 mm, mean diameter
28.58 mm, length/diameter 1.37, roundness
0.68); gelatinisation properties (onset tempera-
ture 61.3 °C, peak temperature 64.2 °C, comple-
tion temperature 67 °C, gelatinisation range
5.7 °C, endothermic enthalpy 14.35 J/g); and
pasting properties (pasting temperature 69 oC,
temperature at peak viscosity 95 °C, peak viscos-
ity during heating (PV) 750 BU, viscosity at
95 °C 750 BU, viscosity after 30 min holding at
95 °C (HPV) 475 BU, viscosity on cooling to
50 °C (CPV) 800 BU, stability ratio (HPV/PV)
0.63, setback ratio (CPV/HPV) 1.89). Irish potato
had a paste clarity of 6.5 and syneresis of 3.55 %
based on 1 % and syneresis on 5 % aqueous
starch pastes. Irish potato had larger starch gran-
ules, higher phosphorus and lower amylose con-
tents than sweet potato starch. It also exhibited a
lower gelatinisation temperature, higher swelling
power and amylose leaching compared to sweet
potato starch. Sweet potato starch exhibited a
higher pasting temperature, higher paste stability
and setback ratio and greater stability to shear
thinning than Irish potato starch. The rheological
properties indicated non-Newtonian behaviour
for the two starch pastes. The storage and loss
moduli of the two starch pastes were frequency
dependent with values higher for sweet potato at
all points within the angular frequency range
employed. Irish potato starch paste exhibited
higher paste clarity and lower syneresis than
sweet potato starch paste. Irish potato has supe-
rior properties for application as thickener, while
sweet potato is better in withstanding severe pro-
cessing conditions. The extent of the annealing
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effect of potato starch depended on the difference
between onset and annealing temperatures, and
prolonged treatment time increased the effect
(Karlsson and Eliasson 2003). Treating samples
at 50 °C for 24 h caused a shift in gelatinisation
onset temperature of 11-12 °C for isolated starch
and 7-11 °C for in situ samples. Starch/water
systems and tissue samples behaved similarly
when exposed to time/temperature treatments.
The starches separated from mealier potato culti-
vars (Kufri Jyoti and Kufri Badshah) showed
lower transition temperatures (7;; T, and 7.) and
peak height indices (PHI) and higher gelatinisa-
tion temperature range (R) and enthalpies of
gelatinisation (AH,,) than the starch from least
mealy cultivar (Pukhraj) (Kaur et al. 2002).
Swelling power, solubility, amylose content and
transmittance values were observed to be higher
for Kufri Jyoti and Kufri Badshah potato starches,
while turbidity values were lower for these
starches. The rheological properties of starches
showed significant variation in the peak G’, G”
and peak tan 6 values. Kufri Badshah and Kufri
Jyoti starches showed higher peak G’, G” and
lower peak tan ¢ values than Pukhraj starch dur-
ing heating and cooling cycles. Kufri Jyoti and
Kufri Badshah starches showed higher break-
down in G’ than starch from the Pukhraj potato
cultivar. The large-sized granules of the starches
from Kufri Badshah and Kufri Jyoti appeared to
be associated with higher values of peak G' and
G" and consistency coefficient. Starch from the
least mealy cultivar (Pukhraj) showed higher ret-
rogradation, which increased progressively dur-
ing storage at 4 °C for 120 h.

In all potato starches examined, the phospho-
rus content ranged from 308 to 1244 ppm (Noda
et al. 2007). Furthermore, samples differing man-
ifestly in their phosphorus content indicated that
enhancing the starch phosphate resulted in sig-
nificant increases in the swelling power, peak vis-
cosity and breakdown and significant but small
increases in the onset and peak temperatures of
gelatinisation. Other starch quality parameters,
such as the amylose content, median granule size
and the gelatinisation enthalpy, did not change
significantly due to the degree of phosphate sub-
stitution of starch. The amylose of potato starches
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had a negative correlation with the peak viscosity
(PV) and breakdown (BD) and a positive correla-
tion with the setback viscosity (SV) and peak
viscosity temperature (PVT) (Zaidul et al. 2007).
By contrast, phosphorus had a positive correla-
tion with PV, BD and SV and a negative correla-
tion with PVT. In addition, the median granule
size had a positive correlation with PV and
BD. By contrast, a negative correlation of the
median granule size was observed with SV and
PVT. The correlation coefficients of amylose—
phosphorus, amylose—granule size and phospho-
rus—granule size interactions indicated that
amylose had more influence than had phosphorus
or had the median granule size on PV and BD.
Starch and K content of potato tubers increased
with progressing age, whereas a decrease was
observed in growth rate, starch synthesis per day
and K uptake per day (Lindhauer and De Fekete
1990). Positive correlations between the rates of
K uptake, starch production and growth indicate
that the dynamic phase of K supply to the tubers
was of greater importance for starch synthesizing
processes than the influence of total K content.
The activity of starch synthesis enzymes (sucrose
synthase, UDP-p-glucose  pyrophosphatase,
starch phosphorylase, amylases) related to tuber
K content did not differ significantly. Of the puri-
fied potato starch branching enzyme (SBE) I and
SBE 11, the former was more active than SBE II
on an amylose substrate, whereas SBE II was
more active than SBE I on an amylopectin sub-
strate (Rydber et al. 2001). Both enzymes were
stimulated by the presence of phosphate. After
debranching of the products, the majority of dex-
trins with a degree of polymerisation (dp) greater
than 60 were absent for SBE I and those with a dp
greater than 70 for SBE II. Full-length cDNAs
encoding a second starch branching enzyme
(SBE A) isoform was isolated from potato tubers
(Jobling et al. 1999). The predicted protein has a
molecular mass of 101 kDa including a transit
peptide of 48 amino acids. Multiple forms of the
SBE A gene exist which differ mainly in the
length of a polyglutamic acid repeat at the
C-terminus of the protein. High-amylose starch is
in great demand by the starch industry for food
and industrial applications for its unique func-
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tional properties. A very high-amylose potato
starch was produced by genetic modification
through simultaneously inhibiting two isoforms
of starch branching enzyme to below 1 % of the
wild-type activities (Schwall et al. 2000). The
amylose content was increased to levels compa-
rable to the highest commercially available maize
starches. Additionally, the phosphorus content of
the starch was increased more than fivefold. The
granular interior of octenylsuccinic maize starch
had higher fluorescent intensity than that of octe-
nylsuccinic potato starch (Wang et al. 2013). The
degree of substitution of octenylsuccinic maize
starch degraded less than that of octenylsuccinic
potato starch under the same degree of gelatinisa-
tion. The results implied that maize starch dis-
played much more homogeneous octenylsuccinic
anhydride reaction pattern when compared to
potato starch.

Carotenoids

The carotenoid pattern in four yellow- and four
white-fleshed potato cultivars (S. tuberosum) was
dominated by violaxanthin, antheraxanthin,
lutein and zeaxanthin, which were present in dif-
ferentratios, whereas neoxanthin, B-cryptoxanthin
and f,p-carotene generally were only minor con-
stituents  (Breithaupt and Bamedi 2002).
Antheraxanthin was found to be the only carot-
enoid epoxide present in native extracts. The total
concentration of the four main carotenoids
reached 175 pg/100 g, whereas the sum of carot-
enoid esters accounted for 41-131 pg/100 g.
Therefore, carotenoid esters were regarded as
quantitatively significant compounds in potatoes.
Carotenoid contents reported in potatoes ranged
from 50 to 100 pg per 100 g fresh weight (FW) in
white-fleshed varieties to 2000 pg per 100 g FW
in deeply yellow to orange-fleshed cultivars
(Brown 2005). The carotenoids in potato were
mainly xanthophylls: lutein, zeaxanthin and vio-
laxanthin with traces of either a-carotene or
B-carotene, indicating potato to be not a source of
provitamin A carotenes. White- and yellow-
fleshed potato contained xanthophyllous carot-
enoids (Brown 2006). The total carotenoid
content of white cultivars and breeding lines
ranged from 50 to 100 pg per 100 g FW. Yellow-
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fleshed cultivars may have carotenoid contents up
to 270 pg, while more intensely yellow breeding
clones will range up to 800 pg. Although the con-
centration of anthocyanin in skin tissue was quite
high, it constituted such a small volume of the
whole tuber that generally a red-skinned white-
fleshed potato had no more than 1.5 mg per 100 g
FW when skin and flesh were extracted together.
However, potatoes with anthocyanin in the flesh
ranged from 15 to nearly 40 mg per 100 g
FW. Carotenoids are found in all potatoes in the
flesh (Brown et al. 2008). White-fleshed varieties
were reported to contain 50 to 100 pg per 100 g
fresh weight (FW) and moderately yellow-
fleshed varieties 100 to 350 pg per 100 g FW. The
more intensely yellow-fleshed genotypes, which
may look orange, at the higher extremes con-
tained levels above 1000 pg per 100 g FW. The
highest level published is 2600 pg per 100 g FW
in diploid germplasm derived from South
American Papa Amarilla cultivars. Potato gener-
ally possessed predominantly lutein, a xantho-
phyll, also found in the human retina, and must
be obtained in the diet. The genotypes with
extremely high levels of total carotenoids had
zeaxanthin, an isomer of lutein, also present in
the human retina. Total anthocyanins ranged
from 1.5 mg to 48 mg per 100 g FW in a solidly
pigmented purple-skinned, purple-fleshed breed-
ing line.

Based on the carotenoid profile, sixty potato
cultivars (commercial, bred, old and native culti-
vars) were segregated into three groups accord-
ing to the major pigment in the carotenoid profile:
violaxanthin (37 cultivars, especially those with
higher carotenoid content), lutein (16 cultivars)
and neoxanthin (7 cultivars) (Fernandez-Orozco
et al. 2013). Other minor carotenoids were anthe-
raxanthin, f-cryptoxanthin and p-carotene, while
zeaxanthin was absent in all sample. The total
carotenoid content ranged from 50.0 to
1552.0 pg/100 g dry wt, with an average value of
about 435.3 pg/100 g dry wt. Sipancachi, Poluya
and Chaucha native cultivars showed the highest
carotenoid content (1020.0, 1478.2 and
1551.2 pg/100 g dry wt, respectively).
Xanthophyll esters were present in most culti-
vars, mainly as diesterified forms, being observed
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a direct correlation between the carotenoid con-
tent and the esterified fraction, suggesting that
the esterification process facilitated the accumu-
lation of these lipophilic compounds within the
plastids. Yellow-fleshed potatoes were found to
contain significant amounts of lutein and zeaxan-
thin (Burgos et al. 2013). The gastric and duode-
nal digestive stability of lutein and zeaxanthin in
boiled tubers of the different accessions ranged
from 70 to 95 %, while the efficiency of micel-
larisation ranged from 33 to 71 % for lutein and
from 51 to 71 % for zeaxanthin. For all acces-
sions, amounts of lutein and zeaxanthin after
micellarisation were significantly lower than the
original amount found in the boiled samples. The
accession 701862 showed the highest bioacces-
sible lutein concentration (280 pg/100 g, FW),
and the accessions 703566 and 704218 showed
the highest bioaccessible zeaxanthin concentra-
tion (above 600 pg/100 g, FW). Considering the
mean potato intake in the Andes (500 g per day),
the accession 701862 provides 14 % of the lutein
intake suggested for health benefits, and the
accessions 703566 and 704218 provide 50 %
more than the suggested zeaxanthin intake.

Phenolic Compounds (Phenolic Acids,
Flavonoids and Anthocyanins)

Phenolic compounds could be broadly classified
into phenolic acids (C6-C1 and C6-C3 structures)
and flavonoids (C6-C3-C6 backbone) (Schieber
and Saldafia 2009). They reported the following
phenolic compounds in potatoes: (a) hydroxycin-
namic acids, 5-O-caffeoylquinic acid (chloro-
genic acid), 4-0O-caffeoylquinic acid
(cryptochlorogenic  acid), 3-O-caffeoylquinic
acid (neochlorogenic acid) and p-coumaric acid
and ferulic acid; (b) hydroxybenzoic acids, gallic
acid, protocatechuic acid, vanillic acid and sali-
cylic acid; (c) non-anthocyanin flavonoids, cate-
chin, epicatechin, eriodyctiol, naringenin,
kaempferol glycosides and quercetin glycosides;
(d) anthocyanins, petunidin glycosides, malvidin
glycosides, pelargonidin glycosides and peonidin
glycosides; and (e) dihydrocaffeoyl polyamines,
N',N'2-bis(dihydrocaffeoyl)spermine (kukoamine
A); N',N3-bis(dihydrocaffeoyl)spermidine; N',N*,
N2-tris(dihydrocaffeoyl)spermine and N',N4,
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N8-tris(dihydrocaffeoyl)spermidine. Besides
chlorogenic acid and its isomers, caffeic, p-
coumaric and ferulic acids as well as various ben-
zoic acid derivatives such as gallic, protocatechuic,
vanillic and salicylic acids were found in potato
peels, however, usually in lower amounts
(Onyeneho and Hettiarachchy 1993; De Sotillo
et al. 1994a; Lewis et al. 1998a; Mattila and
Hellstrom 2007). About 50 % of the phenolic
compounds were found to be located in the potato
peel and adjoining tissues, while the rest
decreased in concentration from the outside
towards the centre of potato tubers (Hasegawa
et al. 1966). Freeze-dried aqueous extracts of
potato peel waste were found to contain chloro-
genic (50.31 %), gallic (41.67 %), protocatechuic
(7.81 %) and caffeic (0.21 %) acids as major phe-
nolics (De Sotillo et al. 1994b). The greatest
amounts of phenolic acids resulted when potato
peel waste homogenate was refluxed with water
for 30 min yielding a total concentration of
48 mg/100 g (De Sotillo et al. 1994a). Four phe-
nolic acids (chlorogenic, gallic, protocatechuic
and caffeic) were characterised as major compo-
nents. Aqueous extracts were stored 20 days and
after 7 days at 25 °C exposed to light; chloro-
genic acid had degraded to caffeic acid. Nara
et al. (2006) found that in potato peels phenolic
acids were not only present in their free form but
occurred also in bound form, as shown for ferulic
acid. The total polyphenolic content in potato
peel was found to be 3.93 mg/g powder, and the
major phenolic acids present were predominantly
gallic acid, caffeic acid, chlorogenic acid and
protocatechuic acid (Singh and Rajini 2008). The
total phenolic acid content of potato flowers
(626 mg/100 g fresh wt) was 21 and 59 times
greater than that of leaves and stems, respectively
(Im et al. 2008). For all samples, chlorogenic acid
and its isomer contributed 96-98 % to the total.
Total phenolic acid levels (in g/100 g fresh wt) of
peels of five potato varieties grown in Korea
ranged from 6.5 to 42.1 and of the flesh (pulp)
from 0.5 to 16.5, with peel/pulp ratios ranging
from 2.6 to 21.1. The total phenolic acid content
for 25 American potatoes ranged from 1.0 to 172.
The highest amounts were present in red and pur-
ple potatoes. Home processing of pulp with vari-
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ous forms of heat induced reductions in the
phenolic content. Eleven compounds were iso-
lated from potato peels and included chlorogenic
acid, other phenolic compounds, 2 glycoalka-
loids, 3 low molecular weight amide compounds
and 2 unsaturated fatty acids, including an ®-3
fatty acid (Wu et al. 2012). The potato peels con-
tained a higher amount of phenolic compounds
than the flesh. Among the different solvents
tested, methanol exhibited the highest extraction
ability for phenolic compounds from potato
peels, with total phenolics amounting to 2.91 mg
gallic acid equivalent/g dry weight (Mohdaly
et al. 2010, 2013). The phenolic acid compounds
found in the potato peels included: chlorogenic,
caffeic, gallic, ferulic, p-hydroxybenzoic, p-cou-
maric and trans-O-hydroxycinnamic acids.
Deusser et al. (2012) reported that chlorogenic
acid and its isomers, neochlorogenic and crypto-
chlorogenic acids, were the major phenolic com-
pounds in potato peel. Glycoalkaloid contents
were highest in the peel and lowest in the inner
flesh. Potato peel as a source of dietary fibre in
bread was found to be superior to wheat bran in
the contents of certain minerals, in total dietary
fibre, in water-holding capacity, in its lower
quantity of starchy components and in its lack of
phytate (Toma et al. 1979). These dietary advan-
tages were not lost in baking quality trials.

Four related phenolic amides were detected
during metabolic profiling of potato (Solanum
tuberosum) tubers (Parr et al. 2005). They were
identified as N!,N'>-bis(dihydrocaffeoyl)sperm-
ine (kukoamine A); N’,N%-bis(dihydrocaffeoyl)
spermidine; N, N*, N2-tris(dihydrocaffeoyl)
spermine; and N!,NY N3-tris(dihydrocaffeoyl)
spermidine. Solid phase extraction (SPE) of
N',N'2-bis(dihydrocaffeoyl)spermine (kukoamine
A) from potato peels was optimised using a
molecularly imprinted polymer (MIP) (Piletska
et al. 2012). The kukoamine A purified from
potato extract using MIP was exceptionally pure
(=90 %). Kukoamines (kukoamin A) had been
associated with reduced blood pressure
(Funayama et al. 1980), and they had also been
used to treat trypanosomiasis, a type of sleeping
sickness caused by parasitic trypanosomatids like
Crithidia fasciculata (Ponasik et al. 1995).
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Kukoamine A inhibited trypanothione reductase
as a mixed inhibitor (Ki=1.8 pM, Kii=13 pM).
Kukoamine shows no significant inhibition of
human glutathione reductase (Ki>10 mM) and
thus provided a novel selective drug lead.

The free phenolic compounds found in four
potato cultivars in Tenerife (Canary Islands) were
(+)-catechin, chlorogenic acid, caffeic acid,
p-coumaric acid and ferulic acid (Verde Méndez
et al. 2004). A significant and negative correla-
tion was established between (+)-catechin and
p-coumaric acid. A considerable contribution to
the daily intake of flavonoids was observed with
the actual consumption of potatoes. Range of
phenolic compounds (mg/100 g dm) in tubers of
varying flesh colour was reported by Navarre
etal. (2011) as follows: yellow type, 1.1-20.1 mg
neochlorogenic acid, 0.7-4.5 mg caffeoyl putres-
cine, 22.9-211 mg chlorogenic acid, 3.8-32.7 mg
cryptochlorogenic acid, 0.5-9.6 mg caffeic acid,
1.36-14.1 mg rutinose and 0.31-4.49 mg
kaempferol-3-rutinose; white type, 0.7-10.7 mg
neochlorogenic acid, 0.6-12 mg caffeoyl putres-
cine, 31-170 mg chlorogenic acid, 3.8-22.8 mg
cryptochlorogenic acid,4.7-14.4 mg caffeic acid,
0.37-6.91 mg rutinose and 0.13-1.37 mg
kaempferol-3-rutinose; white/purple type, 0.1—
18.8 mg neochlorogenic acid, 0.2-16 mg caf-
feoyl putrescine, 21.9-231 mg chlorogenic acid,
1.0-22.47 mg cryptochlorogenic acid,2.0—
47.6 mg caffeic acid, 0.29-1.72 mg rutinose and
0.15-2.5 mg kaempferol-3-rutinose; red/purple
type, 2.9-43.7 mg neochlorogenic acid, 1.3—
8.7 mg caffeoyl putrescine, 80.4—473 mg chloro-
genic acid, 12.6-63.9 mg cryptochlorogenic acid,
5.2-15.9 mg caffeic acid, 0.48-3.54 mg rutinose,
and 046-0.3 mg kaempferol-3-rutinose.
Chlorogenic acids (CGA) concentrations in
potato skins were 37-636 mg/100 g dry weight
(DW) and were three to four times greater than
those in the flesh (Weidel et al. 2014). Storage
reduced the CGA levels in potatoes by up to
81 %. The studied potato purees contained
4-11 mg CGA/100 g DW. In addition, the quinic
acid contents of potato flesh (11-95 mg/100 g
DW) and puree (11-22 mg/100 g DW) were
determined. None of the tested samples con-
tained caffeic acid.
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Coloured-fleshed potato varieties were char-
acterised by about three times higher amount of
total phenolic content than traditional yellow-
fleshed ones (Rytel et al. 2014). The predominat-
ing phenolic acids in potato were chlorogenic
acid and its isomers, which account about 90 %
of total phenolic content in tubers. The phenolic
acid content decreased by 80 % after peeling the
blue-fleshed potatoes and by 60 % after peeling
the yellow variety. The dried potato dice obtained
from yellow-fleshed potatoes had no content of
phenolic acids, but those produced from coloured-
fleshed potatoes contained about 4 % of the origi-
nal phenolic content of the raw material.
Chlorogenic acid amounted about 97 % of total
phenolic acid content, and the rest was neochlo-
rogenic acid. Concentrations of total phenolics in
yellow (3.2 g/kg) and purple (3.1 g/kg) potato
cultivars were twofold greater than in the white
potato cultivar (1.5 g/kg) (Kaspar et al. 2013).
Anthocyanins were low to non-detectable in
white (0 g/kg) and yellow potatoes (0.3 g/kg).
Purple potatoes anthocyanin concentration
(6.2 g/kg) was 20-fold greater than in yellow
potatoes (0.3 g/kg) and white potatoes (0 g/kg).
Carotenoid concentrations in white and purple
potatoes were similar (1.3 mg/kg), while yellow
potatoes had a 45-fold greater carotenoid concen-
tration (58.1 mg/kg) compared to white and pur-
ple potatoes. Consumers ranked the aroma and
appearance of white and yellow potatoes higher
than purple potatoes. However, no significant dif-
ferences were observed in overall acceptance
between the potato cultivars. Four individual
anthocyanins were detected as the major compo-
nents of a purple potato cultivar, and the total
anthocyanin content was 273.5 mg of cyanidin-3-
glucoside equiv/100 g of dry seeds (Zhao et al.
2011). Purple potato anthocyanins delayed the
quenching of bovine serum albumin (BSA)
caused by chromium. It was found that the antho-
cyanin could protect the secondary and tertiary
structures of BSA by probably interacting with
chromium in advance.

Over 30 compounds were identified in potato
tubers: ascorbic acid, tyrosine, phenylalanine and
tryptophan; quinic acid derivative; caffeic acid,;
1-O-caffeoyl quinic acid; 5-O-feruloyl quinic acid;
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4,5-di-O-caffeoyl quinic acid; caffeoyl-p-glucose;
caffeic acid derivative; chlorogenic acid; neochlo-
rogenic acid; cryptochlorogenic acid;
3-0O-caffeoyl,5-O-feruloylquinic acid; quercetin-
3-0-glu-rut; caffeoyl methyl quinate; gentisic acid
glucoside; salicylic acid glucoside; ferulic acid
amide; rutin; quercetin; quercetin dimethyl ether;
kaempferol-3-O-glucoside; caffeoyl putrescine;
caffeoyl spermine derivative; bis(dihydrocaffeoyl)
spermine; bis(dihydrocaffeoyl)spermidine;
tri(dihydrocaffeoyl)spermine; N, N*%, N8 NI
tetra(dihydrocaffeoyl)spermine; N!,N* N8-
tris(dihydrocaffeoyl)spermidine; solanine; and
chaconine (Shakya and Navarre 2006). Some of
these were deemed to possess either nutritional
value in functional foods or were involved in plant
disease resistance

Pigmented potato (Solanum tuberosum) vari-
eties were found to be a rich source of anthocya-
nins, a subgroup of flavonoids, in particular
acylated derivatives (Eichhorn and Winterhalter
2005). Petunidin derivatives were detected in all
varieties except Highland Burgundy Red, where
pelargonidin was found to be the only anthocy-
anidin. Malvidin was the predominant aglycone
of the variety Vitelotte. Of the four selected culti-
vars, Shetland Black was the only one containing
minor amounts of peonidin derivatives. Coumaric
acid derivatives (i.e. 3-p-coumaroylrutinoside-5-
glucosides of petunidin, pelargonidin, peonidin
and malvidin) were separated from non-acylated
anthocyanins as well as chlorogenic acids by
means of solid phase extraction, countercurrent
chromatography and preparative HPLC.

The flavonoids, in order of abundance, were
reported to be catechin, epicatechin, eriodictyol,
kaempferol and naringenin (Brown 2005).
Potatoes were reported to contain phenolic com-
pounds, with chlorogenic acid predominating
and constituting about 80 % of the total phenolic
acids. Up to 30 pg per 100 g FW of flavonoids
was present in the flesh of white-fleshed potatoes
with roughly twice the amount present in red-
and purple-fleshed potatoes. The predominant
flavonoids were catechin and epicatechin. Red
and purple potatoes derived their colour from
anthocyanins. The skin alone may be pigmented,
or the flesh may be partially or entirely pig-



Solanum tuberosum

mented. Whole unpeeled with complete pigmen-
tation in the flesh may have up to 40 mg per 100 g
FW of total anthocyanins. Red-fleshed potatoes
possessed acylated glucosides of pelargonidin,
while purple potatoes had, in addition, acylated
glucosides of malvidin, petunidin, peonidin and
delphinidin.

Verma et al. (1972) found that light-grown and
dark-grown potato sprouts of cv. Kufri Sindhuri
and Kufri Sheetman contained anthocyanins, pel-
argonidin 3-rhamnoglucoside 5-glucoside and
acylated pelargonidin, while light-grown sprouts
of Kufri Chamatkar and Kufri Sheetman con-
tained pelargonidin glucoside. Dark-grown
sprouts of Kufri Chamatkar contained
leucocyanidin(s), while pigmentation was visu-
ally observed in the light-grown sprouts of the
same variety. Lewis et al. (1998a) identified and
quantified the major anthocyanins, flavonoids
and phenolic acids in the tubers (skin and flesh),
flowers and leaves of 26 cultivars of Solanum
tuberosum with coloured skins and/or flesh. Red
tubers contained mostly pelagonidin-3-(p-
coumaroyl-rutinoside)-5-glucoside (200-
2000 pg/g FW) plus lesser amounts of
peonidin-3-(p-coumaroyl-rutinoside)-5-
glucoside (20400 pg/g FW). Light to medium
purple tubers contained  petunidin-3-(p-
coumaroyl-rutinoside)-5-glucoside (1000~
2000 pg/g FW) plus small amounts of
malvidin-3-(p-coumaroyl-rutinoside)-5-
glucoside (20-200 pg/g FW), while dark purple
to black tubers contained similar levels of
petunidin-3-(p-coumaroyl-rutinoside)-5-
glucoside together with much higher concentra-
tions of malvidin-3-(p-coumaroyl-rutinoside)-
5-glucoside (2000-5000 pg/g FW). Tuber flesh
also contained chlorogenic acid (30-900 pg/g
FW) and lower amounts of vanillic, caffeic,
sinapic, gallic, syringic, p-coumaric and cin-
namic acids plus low concentrations of flavo-
noids (0-30 pg/g FW). Tuber skins showed much
higher levels (10004000 pg/g FW) of chloro-
genic acid. The major anthocyanins in flowers
were present as the rutinosides or other glyco-
sides of pelargonidin, petunidin and malvidin,
while glycosides of cyanidin and delphinidin
were found in some flowers, together with many
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of the same phenolic acids as found in tubers.
The commonest flavonoids included rutin,
kaempferol-3-rutinoside and two quercetin—
rhamnose glucosides. Flowers and leaves con-
tained higher concentrations of flavonoids which
fell into two patterns, with some cultivars con-
taining high concentrations of quercetin-3-
glycosides, while others had much lower
concentrations. Principal component analysis
(PCA) revealed a strong association between the
various coloured S tfuberosum cultivars with dis-
tinct differences from the other wild Solanum
species (Lewis et al. 1998b). Similarly, PCA
showed that there were close correlations
between the tuber skin and flesh components.
The major flavonoids in the skin and flesh were
catechin, epicatechin, eriodictyol and naringin.
Two acylated pelargonidin glycosides were iso-
lated from red tubers of an anthocyanin-rich tet-
raploid potato (hybrid seedlings between cultivars
of Solanum tuberosum and S. andigena) (Naito
et al. 1998). In cultivars with less coloured potato
tubers, the developing tubers remained white for
a longer time, with anthocyanin concentrations
increasing gradually up to a maximum at a cer-
tain tuber weight depending on the cultivar
(Lewis et al. 1999). The concentration of flavo-
noids was lower than that of anthocyanins but
followed a similar pattern. Phenolic acid levels
were about twice those of the anthocyanins and
reached their maximum at a slightly lower tuber
weight than anthocyanins and flavonoids. During
cold storage (4 °C), the anthocyanin concentra-
tion in coloured tubers increased, whereas tubers
stored at higher temperatures did not show this
increase. The distribution of anthocyanins altered
during tuber development and also during cold
storage. The major pigment was identified as pel-
argonidin 3-O-[(4"-O-(trans-p-coumaroyl)-o-L-
6”-rhamnopyranosyl-p-p-glucopyranoside]-5-O-
[B-p-glucopyranoside) and the minor pigment as
pelargonidin 3-O-[4"-O-(trans-ferruloyl)-a-L-6"-
rhamnopyranosyl-f-p-glucopyranoside]-O-[3-D-
glucopyranoside].  Also  detected  were
pelargonidin-3-acylrutinoside-5-glucoside,
p-coumaric and ferulic acids. The main anthocy-
anins (acylated with caffeic acid) of purple
sprouts of a Norwegian potato cultivar, Solanum
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tuberosum isolated from a purified methanolic
extract, were determined to be the novel antho-
cyanins, petunidin 3-O-[6-O-(4-O-E-caffeoyl-O--
a-rhamnopyranosyl)-p-glucopyranoside]-5-O-f-
glucopyranoside (10 %) and peonidin
3-0-[6-0-(4-0-E-caffeoyl-0-a-
rhamnopyranosyl)-p-glucopyranoside]-5-O--
glucopyranoside (6 %) in addition to petunidin,
3-0-[6-0-(4-0O-E -p-coumaroyl-O-a-
rhamnopyranosyl)-p-glucopyranoside]-5-O-f-
glucopyranoside, petanin (37 %), and peonidin
3-0-[6-0-(4-0-E-p-coumaroyl-0O-a-
rhamnopyranosyl)-p-glucopyranoside]-5-O--
glucopyranoside, peonanin (25 %) (Fossen et al.
2003). The same major anthocyanins, however,
in other proportions (4, 54, and 32 %, for 1, 3 and
4, respectively), were also found in the thin violet
zone located in the flesh 0.5-1 cm from the sur-
face of the tubers. On average the highest amounts
of anthocyanins were found in the skin (0.65 g/kg
FW) of 27 potato cultivars and four breeding
clones (Jansen and Flamme 2006). The corre-
sponding values of samples taken from whole
tubers (0.31 g/kg FW) and flesh (0.22 g/kg FW)
were significantly lower. Among them Peru
Purple revealed the highest anthocyanin content
in the skin with 2.96 g/kg FW. A similar high
value was reached by Violettfleischige and clone
1.81.202-92 N. There were considerable differ-
ences in the amounts of anthocyanins between
the 31 cultivars/breeding clones. There were also
no significant changes in the anthocyanin con-
tents of tubers during storage for 135 days. In dry
matter, starch and protein contents, the coloured
potato cultivars/breeding clones were compara-
ble with traditional cultivars. Glycoalkaloids
were mainly localised in the skin of coloured
potatoes. The major anthocyanin glycosides
found in purple and coloured potato tubers were
pelargonidin  3-[6-0-(4-0-E-p-coumaroyl-O-a-
rhamnopyransoyl)-p-p-glucopyranoside]-5-O-f-
D-glucopyranoside; peonidin 3-[6-O-(4-O-E-p-
coumaroyl-O-a-rhamnopyransoyl)-f-p-
glucopyranoside]-5-O-f-p-glucopyranoside;
petunidin 3-[6-0-(4-0-E-p-coumaroyl-O-o-
rhamnopyransoyl)-f-p-glucopyranoside]-5-O-f-
D-glucopyranoside; peonidin = 3-[6-O-(4-O-E-
caffeoyl-O-a-rhamnopyransoyl)-pB-p-
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glucopyranoside]-5-O-f3-p-glucopyranoside;
petunidin 3-[6-0O-(4-0-E-caffeoyl-O-a-
rhamnopyransoyl)-p-p-glucopyranoside]-5-O-f-
D-glucopyranoside; petunidin 3-[6-O-(4-O-E-
feruoyl-O-a-rhamnopyransoyl)-p-bp-
glucopyranoside]-5-O-B-p-glucopyranoside;
malvidin 3-[6-0-(4-0O-E-feruoyl-O-a-
rhamnopyransoyl)-p-p-glucopyranoside]-5-O-f-
D-glucopyranoside; and malvidin 3-[6-O-(4-O-
E-p-coumaroyl-O-a-rhamnopyransoyl)-f-p-
glucopyranoside]-5-O-p-p-glucopyranoside
(Lachman and Hamouz 2005).

In an antioxidant profiling study of 23 Andean
potato cultivars, concentrations of the health-
promoting carotenoids, lutein and zeaxanthin,
ranged from 1.12 to 17.69 pg/g of dry weight
(DW) and from 0 to 17.7 pg/g of DW, with culti-
vars 704353 and 702472 showing the highest lev-
els in lutein and zeaxanthin, respectively (Andre
et al. 2007b). In contrast, f-carotene was rarely
reported in potato tubers; remarkable levels of
this dietary provitamin A carotenoid were
detected in 16 native varieties, ranging from 0.42
to 2.19 pg/g of DW. The amount of a-tocopherol
found ranged from 2.73 to 20.80 pg/g of DW and
was clearly above the quantities generally
reported for commercial varieties. Chlorogenic
acid and its isomers dominated the polyphenolic
profile of each cultivar. Dark purple-fleshed
tubers from the cultivar 704429 contained excep-
tionally high levels of total anthocyanins
(16.33 mg/g of DW). The main anthocyanin was
identified as petanin (petunidin-3-p-coumaroyl-
rutinoside-5-glucoside). Pigmented potato variet-
ies are a rich source of anthocyanins, in particular
acylated derivatives. The major anthocyanins
found in pigmented potatoes (e.g. purple-fleshed
varieties) include coumaric acid derivatives (i.e.
3-p-coumaroylrutinoside-5-glucosides of petuni-
din, pelargonidin, peonidin and malvidin) from
non-acylated anthocyanins as well as chlorogenic
acids. Dark purple-fleshed potato contained
exceptionally high levels of total anthocyanins,
and the main anthocyanin was identified as
petanin.

The free phenolic compounds found in
Tenerife (Canary Islands) potato samples were
(+)-catechin, chlorogenic acid, caffeic acid,
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p-coumaric acid and ferulic acid (Del Mar Verde
Meéndez et al. 2004). Potato samples belonging to
Colorada cultivar, ssp. andigena, had mean con-
centrations of total phenolic compounds and
chlorogenic acid higher than those found for
Kerr’s Pink and Cara cultivars, ssp. tuberosum,
and for Negra cultivar, S. x chaucha. In contrast,
p-coumaric acid was not detected in any potato
samples of the Colorada cultivar. Traditional
potatoes presented a higher mean concentration
of ferulic acid than recently imported potatoes.
Polyphenol (phenolic acids, flavanols and flavo-
nols) contents decreased from the tuber peel
(2 mm) via the outer (1 cm) to the inner flesh and
differed among potato cultivars grown in
Luxembourg (Deusser et al. 2012). The cultivars
Vitelotte and Luminella had the highest polyphe-
nol contents (5202 and 572 pg/g dry weight
(DW) in the outer flesh), whereas Charlotte and
Bintje had the lowest contents (19.5 and 48.0 pg/g
DW). Chlorogenic acid and its isomers (neo- and
cryptochlorogenic acid) were the major polyphe-
nols. Glycoalkaloid (a-chaconine and a-solanine)
contents were highest in the peel and lowest in
the inner flesh; values in the flesh were below
guideline limits in all cultivars. Phenylpropanoids,
including chlorogenic acid (CGA), were higher
in potato samples from the northern latitudes, as
was the expression of phenylpropanoid genes
including phenylalanine ammonia lyase (PAL),
which had over a tenfold difference in relative
abundance  (Payyavula et al.  2012).
Phenylpropanoid gene expression appeared coor-
dinately regulated and was well correlated with
metabolite pools, except for hydroxycinnamoyl-
CoA:quinatehydroxcinnamoyl transferase.
Anthocyanins were more abundant in Alaskan
samples and correlated with flavonoid genes
including dihydroflavonol-4-reductase (DFR)
(R?=0.91), UDP-glucose:flavonoid 3-0-
glucosyltransferase (UFGT) (R>=0.94) and fla-
vanone 3-hydroxylase (F3H) (R*=0.77). The
most abundant anthocyanin was petunidin-3-
coum-rutinoside-5-glucoside, which ranged from
4.7 mg/g in Alaska to 2.3 mg/g in Texas. Positive
correlations between tuber sucrose and anthocya-
nins (R?=0.85) suggested a stimulatory effect of
sucrose. Smaller variation was observed in total
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carotenoids, but marked differences occurred in
individual carotenoids, which had over a tenfold
range. Violaxanthin, lutein and zeaxanthin were
the predominant carotenoids in tubers from
Alaska, Texas and Florida, respectively. Unlike
in the phenylpropanoid pathway, poor correla-
tions occurred between carotenoid transcripts
and metabolites. Among purple, white and yel-
low potatoes, purple potatoes contained the most
total phenolics, which decreased during develop-
ment (from 14 to 10 mg/g), as did the activity of
phenylalanine ammonia lyase (Payyavula et al.
2013). The major phenolic, 5-chlorogenic acid
(5CGA), decreased during development in all
cultivars. Products of later branches of the phen-
ylpropanoid pathway also decreased, including
quercetin  3-O-rutinoside, kaempferol 3-O-
rutinoside and petunidin 3-O-(p-coumaroyl)
rutinoside-3-glucoside (from 6.4 to 4.0 mg/g).
Violaxanthin and lutein were the two most abun-
dant carotenoids and decreased 30-70 % in the
yellow and white potatoes. Sucrose, which could
regulate phenylpropanoid metabolism, decreased
with development in all cultivars and was highest
in purple potatoes. Total protein decreased by
15-30 % in two cultivars. Expression of most
phenylpropanoid and carotenoid structural genes
decreased during development. Navarre et al.
(2013) found that the nutritional value of pota-
toes varied in accordance with changes in phen-
ylpropanoid  metabolism during tuber
development. Phenylpropanoid concentrations
were highest in immature tubers, as were some
transcript levels and enzyme activities including
phenylalanine ammonia lyase (PAL).
Phenylpropanoid  concentration  differences
between mature and immature tubers varied by
genotype but in some cases were approximately
threefold. The most abundant phenylpropanoid
was chlorogenic acid (SCGA), which decreased
during tuber maturation. Hydroxycinnamoyl-
CoA:quinate  hydroxycinnamoyl transferase
(HQT) transcripts were highly expressed relative
to other phenylpropanoid genes, but were not
well correlated with 5CGA concentrations
(R?=-0.16), whereas HQT enzyme activity was.
In contrast to SCGA, less abundant chlorogenic
isomers increased  during  development.
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Concentrations of hydroxycinnamic acid amides
were higher in immature tubers, as was expres-
sion of arginine and ornithine decarboxylases.
Expression of several genes involved in carbohy-
drate or shikimate metabolism, including sucrose
synthase and 3-deoxy-p-arabino-heptulosonate
7-phosphate (DAHP), showed similar develop-
mental patterns to phenylpropanoid pools, as did
shikimate dehydrogenase enzyme activity.
Sucrose, glucose and fructose concentrations
were highest in immature tubers. Exogenous
treatment of potatoes with sugars stimulated
phenylpropanoid biosynthesis, suggesting sugars
contributed to the higher phenylpropanoid con-
centrations in immature tubers.

A total of 62 HCAs (hydroxycinnamic acids)/
its conjugates HCAcs (chlorogenic acid, crypto-
chlorogenic acid and neochlorogenic acid)/
DHCACcs (didydrohydroxycinnamic acid conju-
gates) were found in extracts from peel and flesh
of 15 Columbian potato cultivars (Narvaez-
Cuenca et al. 2013). Among them, only twelve
compounds were common to all cultivars in both
peel and flesh. The less commonly described
compounds accounted for 7.1-20.1 % w/w of the
total amount of HCAs/HCAcs/DHCAcs in whole
tubers, highlighting their contribution to the total
phenolic profile of potato tubers. Among the 15
Columbian cultivars, the abundance (mg/100 g
DW whole tuber) of neochlorogenic acid (0.8—
7.4 mg) ranged in similar quantities as the less
commonly reported feruloyl octopamine (1.2—
5.2 mg), 5-O-feruloyl quinic acid (0.1-7.5 mg),
cis- chlorogenic acid (1.1-2.2 mg), caffeoyl
putrescine (0.6-2.5 mg), sinapoyl hexose (0.1-
1.8 mg), N/ ,N™-bis-(dihydrocaffeoyl)spermine
(0.2-1.7 mg), N',N'°-bis-(dihydrocaffeoyl)sper-
midine (1.1-2.6 mg) and N/, N°,N"“tris-
(dihydrocaffeoyl)spermine (trace, 11.1 mg). A
total of 31 compounds were identified and quan-
tified in a white potato cultivar and a purple
potato cultivar, Urenika, extracts (Chong et al.
2013). The compounds included several types of
anthocyanins, hydroxycinnamic acid (HCA)
derivatives and hydroxycinnamic amides
(HCAA). Six classes of compounds, namely,
organic acids, amino acids, HCA, HCAA, flavo-
nols and glycoalkaloids, were present in both
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extracts, but quantities varied between the two
extracts.

Monomeric anthocyanin content in red-
fleshed potatoes (Solanum tuberosum and S. ste-
notomum) ranged from 2 to 40 mg/100 g tuber
fresh weight (Rodriguez-Saona et al. 1998). Two
breeding clones, NDOP5847—-1 and NDC4069—
4, showed anthocyanin content >35 mg/100 g.
All red potato samples showed similar pigment
profiles, with pelargonidin-3-rutinoside-5-gluco-
side acylated with p-coumaric acid being the
major anthocyanin (ca 70 %). The presence of
glycoalkaloids in colour extracts was also
detected. Some red-fleshed potatoes may be good
potential sources of food colourants.

Anthocyanin content was as high as 150 mg
cyanidin-3-glucoside equivalent/100 g (Solanum
stenotomum subsp. stenotomum), and total phe-
nolic content ranged from 110 mg (S. stenoto-
mum subsp. goniocalyx) to 5120 mg (S. tuberosum
subsp. andigenum) of GAE/100 g DW in 20 vari-
eties of native Andean potatoes from 4 different
Solanum species of different colours (Guisti et al.
2014). The presence of chlorogenic, caffeic, cou-
maric, ferulic, sinapic, gallic and protocatechuic
acids had been reported in potatoes (Rodriguez-
Saona et al. 1998; Lewis et al. 1998a; Reddivari
et al. 2007a, b). Recently, Guisti et al. (2014)
identified that the following phenolic compounds
were tyrosine, 3-O-caffeoylquinnic acid, chloro-
genic acid, 4-O-cafeoylquinnic acid, caffeic acid
and quercetin—rutinoside derivative. Three antho-
cyanidins were identified in red potato extracts
(cyanidin, pelargonidin and peonidin) and four
anthocyanidins identified in the saponified sam-
ples of red potato extracts (cyanidin-3-rutinoside-
glucoside, pelargonidin-3-rutinsode-5-glucoside
(predominant), peonidin-3-rutinoside-5-gluco-
side and pelargonidin-3-rutinoside) (Guisti et al.
2014). Major anthocyanins identified in the red
potato extracts were pelargonidin-3-rutinoside-5-
glucoside, pelargonidin-3-cafffeoyl-rutinoside-5-
glucoside, petunidin-3-caffeoyl-rutinoside-
5-glucoside,  petunidin-3-p-coumaroyl-rutino-
side-5-glucoside, pelargonidin-3-p-coumaroyl-
rutinoside-5-glucoside, peonidin-3-p-coumaroyl-
rutinoside-5-glucoside, pelargonidin-3-ferruloyl-
rutinoside-5-glucoside and petunidin-3-ferruloyl-
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rutinoside-5-glucoside. Five major anthocyanidins
were identified in purple potato extracts: cyani-
din, petunidin, pelargonidin, peonidin and malvi-
din. Petunidin and peonidin were the most
predominant anthocyanidins in purple potato
extract. Anthocyanidins identified in saponified
purple potato extracts were cyanidin 3-rutinoside-
5-glucoside, petunidin-3-rutinoside-5-glucoside,
pelargonidin-3-rutinoside-5-glucoside,
petunidin-3-rutinoside-5-glucoside and malvidin-
3-rutinoside-5-glucoside. Eight major anthocya-
nins were identified in purple potato extracts:
petunidin-3-caffeoyl-rutinoside-5-glucoside,
cyanidin-3-p-coumaryl-rutinoside-5-glucoside,
petunidin-3-p-coumaryl-rutinoside-5-glucoside,
petunidin-3-ferruloyl-rutinoside-5-glucoside,
pelargonidin3-p-coumaryl- rutinoside-5-
glucoside, peonidin-3-p-coumaryl-rutinoside-5-
glucoside,  malvidin-3-p-coumaryl-rutinoside-
5-glucoside and peonidin-3-ferruloyl-rutinoside-
5-glucoside.

Anthocyanin composition of coloured sec-
tions of potato tubers of genotypes CO97216-3P/
PW comprised ten detectable anthocyanins,
pelargonidin-3-p-coumaroylrutinoside-5--
glucoside, cyanidin-3-p-coumaroylrutinoside-5-
glucoside,  peonidin-3-p-coumaroylrutinoside-
5-glucoside, petunidin-3-p-coumaroylrutinoside-
5-glucoside, malvidin-3-p-coumaroylrutinoside-
5-glucoside, malvidin-3-o-caffeoyl-rutinoside-5-
glucoside, delphinidin-3-p-coumaroylrutinoside-
5-glucoside, petunidin-3-o-caffeoyl-rutinoside-
5-glucoside, malvidin 3-rutinoside-5-glucoside
and petunidin 3-rutinoside-5-glucoside, but two
components, malvidin-3-p-coumaroylrutinoside-
5-glucoside (trivial name negretetin) and petuni-
din-3-p-coumaroylrutinoside-5-glucoside (trivial
name petanin), predominated (Stushnoff et al.
2010). The non-pigmented section also accumu-
lated anthocyanins, but to a much lesser degree.
The ratio of accumulation of individual anthocy-
anins varied between 2.5-fold higher for the
minor components to 20-fold higher for the dom-
inant anthocyanins. The anthocyanin content
was, on average, 6.7-fold higher in the pigmented
tissues. The pigmented tissues also had approxi-
mately 2.5-fold higher levels of chlorogenic acid
than the non-pigmented sections suggesting a
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general increase in phenolic components.
However, the levels of two other major phenolic
components, feruloyl and caffeoyl putrescine,
were not significantly different. There were also
no significant differences in ascorbate or gluta-
thione levels or indeed in their oxidation state.
However, the major glycoalkaloids, solanine and
chaconine, were elevated in the purple tissue over
the non-pigmented tissues. The pigmented geno-
types Purple Majesty (PM), Mountain Rose
(MRR), C097216-1P/P (216) and CO97226--
2R/R (226) had higher anthocyanin and total phe-
nol contents than the non-pigmented genotypes.
The red genotypes, MR and 226, contained
mainly pelargonidin-3-p-coumaroylrutinoside-5-
glucoside, whereas the purple genotypes, PM and
216, contained a wider range of anthocyanins,
but petunidin- and malvidin-3-p-
coumaroylrutinoside-5-glucoside derivatives
predominated. It was notable that only 216 con-
tained appreciable amounts of peonidin-3-p-
coumaroylrutinoside-5-glucoside. The higher
total phenol content was reflected in the levels of
the major polyphenolic component of potato
tubers, chlorogenic acid, which was substantially
higher in the pigmented genotypes (216, 226, PM
and MRR) than the non-pigmented genotypes.
However, this trend did not apply to all polyphe-
nolic components as illustrated by the levels of
detectable hydroxycinnamic amine derivatives.
Two pigmented genotypes (216 and 226) had
considerably elevated levels of glycoalkaloids
compared with other genotypes.

The biosynthetic pathway for anthocyanins,
caffeoylquinates and other major phenolic deriv-
atives (tyrosine, caffeoylputrescine, feruloyl
putrescine) in potato tuber were schematically
described by Stushnoff et al. (2010). The enzymes
involved in the biosynthesis of anthocyanins pel-
argonidin from dihydrokaempferol were dihy-
droflavonol reductase (DFR), anthocyanin
synthase (AS) and UDP-glucose:3-O-flavonoid
glucosyltransferase (GFG); from dihydroquerce-
tin to cyanidin were DFR, AS and GFG and from
cyanidin to peonidin anthocyanidin-glycoside-
3’-O-methyl transferase (AGMT); from dihydro-
myricetin to delphinidin were DFR, AS and GFG
and from delphinidin to petunidin AGMT; and
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from petunidin to malvidin AGMT. The enzymes
involved in anthocyanin glycosylation were
anthocyanidin-3-0-glycosyl transferase (A3GT),
anthocyanidin-5-0-glycosyl transferase (ASGT)
and UDP-glucose:3-O-flavonoid glucosyltrans-
ferase (GFG). AGA (anthocyanidin-3'-O-
glycoside-6'-O-acyl transferase) incorporated
anthocyanin glycosides with hydroxycinnamoyl
groups. Other enzymes involved in the biosyn-
thesis of caffeoylquinates and other major
enzymes were arogenate dehydratase (ADT),
chalcone isomerase (CHI), chalcone synthase
(CHS), cinnamate-4-hydroxylase (C4H),
4-coumarate ligase (4CL), chorismate mutase
(CM), flavonone-3-hydroxylase (F3H), ferulate
5-hydroxylase (F5H), flavonoid-3’-hydroxylase
(F3'H), flavonoid-3’,5’-hydroxylase (F3'5'H),
flavonol synthase (FLS), hydroxycinnamoyl-
CoA:shikimate hydroxycinnamoyl transferase
(HCT), hydroxycinnamoyl-CoA:quinate
hydroxycinnamoyl transferase (HQT), phenylal-
anine ammonia lyase (PAL), prephenate dehy-
dratase (PDH) and putrescine
N-hydroxycinnamoyl transferase (PHT). Also,
common genes that were differentially expressed
both in the purple versus white sector included
caffeoyl-CoA O-methyltransferase, leucoantho-
cyanidin dioxygenase, glutathione S-transferase,
dihydroflavonol 4-reductase, cytochrome b5,
cytochrome b5 DIF-F, MYB transcription factor
MYB?73, salicylic acid-binding protein 2, specific
tissue protein 2, organ-specific protein S2, flava-
none 3 B-hydroxylase, lipase class 3, anthocyanin
1, putative orcinol O-methyltransferase, cyto-
chrome P450, phosphoprotein phosphatase, puta-
tive disease resistance protein and epoxide
hydrolase I (Stushnoff et al. 2010).

Studies showed that concentrated culture fil-
trate (CCF) of Phytophthora infestans but not
lipopolysaccharides (LPS) from Pectobacterium
atrosepticum induced differential accumulation
of major phenolics chlorogenic acid, phenol-
amides and flavonols including rutin (quercetin-
3-O-rutinoside) and nicotiflorin
(kaempferol-3-O-rutinoside) among 5 potato cul-
tivars (Kroner et al. 2012). Total phenolics were
related with resistance to P. atrosepticum but not
to P infestans. However, nicotiflorin was
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inversely related with resistance to both patho-
gens. Rutin, but not nicotiflorin, inhibited patho-
gen growth in-vitro at  physiological
concentrations.

Fresh cutting of five long-term-stored potato
cultivars (Agria, Cara, Liseta, Monalisa and
Spunta) induced the biosynthesis of three flavo-
nols, quercetin 3-rutinoside, quercetin
3-diglucoside and quercetin 3-glucosylrutinoside
(Tudela et al. 2002). The flavonols were detected
after a lag period of 3 days of cold storage. The
content ranged from 6 to 14 mg/100 g of fresh
weight depending on the cultivar after 6 days of
storage. Chlorogenic acid as the main caffeic
acid derivative and the amino acids, tyrosine and
tryptophan were also quantified. The flavonol
induction was higher in fresh-cut potatoes stored
under light than in the dark. Domestic cooking
such as boiling, microwaving and frying pro-
voked a partial loss of the flavonols, which were
retained in the range of 4-16 mg per serving
(213 g). Steam cooking resulted in the highest
retention of caffeic acid derivatives and aromatic
amino acids compared with the other cooking
methods studied. The results implied that due to
the large amount of potatoes consumed in the
Western diet, fresh-cut potatoes could be a sig-
nificant source of health-promoting phenolics.
For the pigmented potatoes, cooking heating
treatment did not cause any changes in the phe-
nolic acids content, while anthocyanins showed
only a small decrement (16-29 %) (Mulinacci
et al. 2008). The cv. Highland Burgundy Red
showed anthocyanins and phenolic acid concen-
trations close to 1 g/kg and more than 1.1 g/kg,
respectively. Vitellotte Noire showed the highest
amounts of resistant starch. Potato starch digest-
ibility and % of resistant starch, considered as a
component of dietary fibre, were affected both by
cultivar and by heating/cooling treatments.

Potato Suberin and Waxes

Suberin a cell-wall biopolymer with aliphatic and
aromatic domains had been reported to consist a
fatty acid polyester with esterified ferulic acid
(Serra et al. 2010). In potato, ferulic acid esters
were also the main components of periderm wax.
Suberin and waxes embedded in the suberin
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polymer were reported to be key compounds in
the control of transpiration in the tuber periderm
of potato. They reported a potato gene encoding a
fatty w-hydroxy acid/fatty alcohol hydroxycin-
namoy]l transferase (FHT), which was involved in
the biosynthesis of suberin and suberin-associated
wax in the biosynthesis of suberin and suberin-
associated wax. Suberin in potato wound peri-
derm was known to be a polyester containing
long-chain fatty acids and phenolics embedded
within the cell wall (Yan and Stark 2000).
Carboxyl-labelled phenylalanine precursors pro-
vide evidence for the concurrent development of
phenolic esters and of monolignols typical of lig-
nin. Experiments with ring-labelled phenylala-
nine precursors demonstrate a predominance of
sinapyl and guaiacyl structures among suberin’s
phenolic moieties. It was found that the insoluble
intermediates of suberin biosynthesis indicated
probable covalent linkages between moieties of
its polyester and polysaccharide domains.
Bernards and Razem (2001) described a hydro-
gen peroxide-generating system with NAD(P)
H-dependent oxidase-like properties associated
with the oxidation of hydroxycinnamic acids
(and their derivatives) in the formation of potato
suberin poly(phenolics) during suberisation.
Native and wound periderm of potato tuber con-
tained up to 20 % extractable lipids (waxes)
(Schreiber et al. 2005). Besides linear long-chain
aliphatic wax compounds, alkyl ferulates were
detected as significant constituents. In wound
periderm they amounted to more than 60 % of the
total extracts. Within 1 month of storage, suberin
amounts in the polymer increased twofold in
native periderm (180 pg/cm?), whereas in wound
periderm about 75.0 pg/cm? suberin polymer was
newly synthesised. Among the isolated fragments
from controlled hydrolysis of the suberin ali-
phatic or aromatic domains were two hydroxy-
phenyl derivatives reported previously in lignins
and a novel aliphatic—aromatic ester trimer
(Arrieta-Baez and Stark 2006). Together these
protocols helped to characterise the carbohydrate
types that were bound covalently to the suberin
polyester and to identify the interunit covalent
linkages among the aliphatic ester, phenolic and
carbohydrate moieties in suberised potato tissue.
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Depolymerisations of potato suberin by cutinase-
catalysed hydrolysis produced higher propor-
tions of aliphatic monomers than hydrolysis with
the NaOMe procedure (Jarvinen et al. 2009).
Monomers released by the two methods were
mainly a, w-dioic acids and w-hydroxy acids, but
the ratios of the detected monomers were differ-
ent, at 40.0 and 32.7 % for methanolysis and 64.6
and 8.2 % for cutinase, respectively. The most
abundant monomeric compounds were octadec-
9-ene-1,18-dioic acid and 18-hydroxyoctadec-
9-enoic acid, which accounted for ca. 37 and
28 % of all monomers, respectively. A suberin-
enriched fraction, molecular weight (MW)=ca.
44 x 10% g/mol, silated from potato, was found to
be a mixture of carbohydrates and polyesters of
aliphatic long-chain hydroxy fatty acids and
diacids linked via ester bonds to the phenolics,
MW =ca. 27 x 10* g/mol, formed by guaiacyl and
p-hydroxyphenyl structures (Mattinen et al.
2009). Phenolics in potato peels may be impor-
tant sources of antioxidants for various
applications.

Composition of periderm wax of potato tuber
was reported as hydrocarbon 31 %, wax ester
7 %, fatty alcohol 24 %, fatty acid 11 % and
unknown 27 % (Espelie et al. 1980). Chain-
length distribution of the fatty alcohols, fatty
acids, w-hydroxy acids and dicarboxylic acids in
the polar fraction of the chloroform extract of
potato tuber were fatty alcohols Cy4 (0.03 %), Cg
(0.03 %), C40(0.02 %), C1, (0.01 %), C24 (0.02 %),
Cy (0.05 %) and Cyg (0.05 %); fatty acids Cig
(0.04 %), C15(0.03 %), Cy (0.02 %), C1, (0.03 %),
Cy (0.04 %), Cy (0.05 %) and Cy (0.05 %);
®-hydroxy acids Cy, (0.01 %) and C,, (<0.01 %);
and dicarboxylic acids C,, (<0.01 %) and C,,
(<0.01 %). Substance classes detected in chloro-
form/methanol extracts of native and wound peri-
derm of potato tuber were linear long-chain
aliphatic compounds (alkanes, alcohols and car-
boxylic acids) and aromatic compounds (mainly
esters between primary alcohols and ferulic acid
and, in traces, caffeic acid and feroyltyramine)
Schreiber et al. 2005). In native periderm the aro-
matic fraction amounted to about two-thirds of
the aliphatic fraction after 28 days. In wound
periderm aliphatic and aromatic fractions were
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present in equal amounts up to 21 days.
Carboxylic acids in ferulic acid esters had chain
lengths ranging from C,s to C;, with the chain
lengths Cy, Cig, C,1, Cp3, Cog and Csy dominating.
The suberin content of native periderm increased
with storage time (0-28 days) from 100 to
180 pg/cm?. The amount of newly forming
wound periderm reached 75 pg/cm? after 30 days.
Substance classes detected consisted of linear
long-chain aliphatic compounds (alcohols, car-
boxylic acids, a,o-dicarboxylic acids, ®-hydroxy
acids and 2-hydroxy acids) and of aromatic com-
pounds (coumaric, ferulic and anisinic acids). In
both native and wound periderm, chain lengths of
2-hydroxy fatty acids slightly decreased during
storage time.

The principal components of potato leaf cutic-
ular waxes were very long-chain n-alkanes,
2-methylalkanes and 3-methylalkanes (3.1-
4.6 pg/cm?), primary alcohols (0.3-0.7 pg/cm?),
fatty acids (0.3-0.6 pg/cm?) and wax esters (0.1-
0.4 pg/cm?) (Szafranek and Synak 2006). The
most abundant hydrocarbons were
n-hentriacontane, 2-methyltriacontane,
n-nonacosane and n-heptacosane. The relative
composition of the alkanes was very similar in
the four cultivars. The major primary alcohols
were 1-tetracosanol (12-18 % of the total
1-alkanols), 1-hexacosanol (39-42 %) and
1-octacosanol (24-29 %). The distribution pat-
tern was very similar in all four potato varieties.
The most abundant fatty acids were tetracosanoic
acid (32-46 % of the total fatty acids) and hexa-
cosanoic acid (19-25 %). Three of the potato
varieties displayed similar distributions of fatty
acid homologues, but the Perkoz contained a rel-
atively higher percentage of triacontanoic acid
(20 %). A homologous series of very long-chain
secondary alcohols was identified in the potato
leaf waxes. The fragmentation patterns of the
mass spectra of native 2-alkanols derived from
potato waxes were similar to those of the
2-hexadecanol and 2-tricosanol standards. The
sterol fraction consisted of two constituents only,
cholesterol (1-60 ng/cm?) and B-sitosterol; the
terpenoid pB-amyrin was also found. A homolo-
gous series of methyl ketones (2-ketones, alkan-
2-ones) with chain lengths from C,s to Cs; was
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present in the potato waxes. Potato methyl
ketones were accompanied by ketones with the
carbonyl group in positions 8, 10, 12, 14 and 16
as follows: nonacosanone, nonacosane-8-one,
nonacosane-10-one, nonacosane-12-one and
nonacosane-14-one; hentriacontanone,
hentriacontan-8-one, hentriacontan-10-one,
hentriacontan-12-one, hentriacontan-14-one and
hentriacontan-16-one; tritriacontanone,
tritriacontan-8-one, tritriacontan-10-one,
tritriacontan-12-one, tritriacontan-14-one and
tritriacontan-16-one. Potato waxes also contained
detectable levels of very long-chain C22 to C32
aldehydes (13—17 ng/cm?). The most abundant of
these were tetracosanal, hexacosanal, octaco-
sanal and triacontanal. The distribution patterns
of individual aldehydes were all quite similar in
three of the four potato varieties studied; the
exception was the Perkoz variety, which con-
tained larger amounts of triacontanal and less
hexacosanal. Homologous esters of very long-
chain fatty acids with long primary alcohols (wax
esters) were present in the cuticular waxes of the
four potato varieties, but at different levels. The
wax ester constituents were saturated straight-
chain fatty acids and primary alcohols from C,,
to Cyg and from C,, to Cyg, respectively. The main
esters were those of hexadecanoic (ca. 20 %),
octadecanoic (10 %), eicosanoic (30 %), docosa-
noic (15 %) and tetracosanoic (8 %) acids. The
distribution patterns of the fatty acids in the wax
esters differed from those of the free fatty acids in
potato waxes. The alcohols liberated from the
wax esters consisted predominantly of docosanol
(ca. 17 %), tetracosanol (20 %), hexacosanol
(30 %) and octacosanol (15 %). Also present
were benzoic acid esters and methyl, ethyl, iso-
propyl and 2-phenylethyl esters of fatty acids.
Benzoic acid hexacosanyl, tetracosanyl and pen-
tacosanyl esters predominated in the potato
waxes. Potato waxes from all four varieties con-
tained methyl esters of the even-carbon-numbered
acids from Cj¢ to Cys with yields from 2 to 8 ng/
cm?. Besides the methyl esters of saturated fatty
acids, methyl linoleate and methyl linolenoate
were also present. The most prominent methyl
esters were those of low molecular weight fatty
acids (C16:0, C18:2, C18:3, C18:0). In addition,
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ethyl esters of saturated fatty acids (C16-C26)—
mainly the ethyl esters of hexadecanoic, octadec-
anoic, eicosanoic and tetracosanoic acids—were
found as minor components.

Phytohormones and Endogenous
Tuber-Inducing Compounds
Potato plant had been reported to contain phyto-
hormones like jasmonic acid, auxins (IAA), gib-
berellins (GA), cytokinins, abscisic acid (ABA),
ethylene and strigolactones. The involvement of
all major classes of endogenous hormones in
potato tuber dormancy was reviewed by Suttle
2004b). Based on available evidence, it was con-
cluded that both ABA and ethylene were required
for dormancy induction, but only ABA was
needed to maintain bud dormancy. An increase in
cytokinin sensitivity and content appeared to be
the principal factors leading to the loss of dor-
mancy. Changes in endogenous IAA and GA
content appeared to be more closely related to the
regulation of subsequent sprout growth.
Cytokinin-like substances were found in
potato tubers near the end of their innate dormant
period (Engelbrecht and Bielinska-Czarnecka
1972). Alcoholic extracts of potato tubers were
found to contain cytokinins which could be sepa-
rated from endogenous growth inhibitors (Antis
and Northcote 1975). Three cell division induc-
ing cytokinin compounds were extracted from
sprouting potato tubers (Van Staden 1976). They
were identified as zeatin riboside, isopentenyl-
adenosine and isopentenyladenine. The main
cytokinin detected in the water-soluble fraction
of potato tuber was identified as zeatin ribotide
(Koda 1982). The level of butanol-soluble cytoki-
nin in elongating stolon tips was low, while that
of water-soluble cytokinin was extremely high.
Upon swelling of the stolon tips, the former
increased greatly as the latter decreased.
Following fractionation by HPLC, a total of eight
endogenous cytokinins were detected in potato
cv. Russet Burbank tuber apical bud tissue, and
these were zeatin riboside-5’-monophosphate
(ZRMP), zeatin-O-glucoside (ZOG), zeatin (Z),
zeatin riboside (ZR), isopentenyl adenosine-5'-
monophosphate (IPMP), isopentenyl adenine-9-
glucoside (IP-9-G), isopentenyl adenine (IP) and

37

isopentenyl adenosine (IPA) (Suttle 1998b).
Regardless of postharvest storage temperature or
endodormancy status, IP-9-G was the most abun-
dant cytokinin detected, while ZRMP and ZOG
were the least abundant ones. In tubers preincu-
bated at a growth-permissive temperature (20 °C)
prior to extraction, the loss of endodormancy was
preceded by significant increases in the endoge-
nous levels of Z, ZR, IPMP and IP-9-G. When
stored continuously at a growth-inhibiting tem-
perature (3 °C), significant increases in ZR, IP-
9-G and IP +IPA were observed. The total content
of cytokinins increased by over sevenfold during
postharvest storage, and this increase was a result
of de novo biosynthesis.

Potato tubers stored in 80 % O, and 12 % CO,
produced ethylene at much higher rates (Creech
etal. 1973). In all cases where sprouting occurred,
the rate of ethylene production increased.
Endogenous ethylene was found to be essential
for the full expression of potato microtuber
endodormancy, and its involvement may be
restricted to the initial period of endodormancy
development (Suttle 1998a).

Potato (cv. Russet Burbank) microtubers gen-
erated in-vitro from single-node explants con-
tained substantial amounts (approximately 250
pmol/g fresh weight) of free abscisic acid (ABA)
and were completely dormant for a minimum of
12 weeks (Suttle and Hultstrand 1994).
Microtubers that developed in the presence of
10 tzm fluridone (FLD) contained considerably
reduced amounts (approximately 5-25 pmol (g
fresh weight) of free ABA and exhibited a preco-
cious loss of dormancy. Suttle (1995) demon-
strated that ABA was readily metabolised by
potato tubers and that the principal route of
catabolism consisted of the oxidative metabolism
of ABA to phaseic and dihydrophaseic acids with
minimal esterification to conjugated ABA. The
results also suggest that a decline in endogenous
ABA below a threshold level was not a prerequi-
site for the loss of potato tuber dormancy and the
onset of sprout growth.

Immediately after harvest, the endogenous
contents of gibberellins GA,y, GA,, and GA,
were relatively high (0.48-0.62 ng/g fresh
weight) in potato tubers (Suttle 2004a). The con-
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tent of these GAs declined between 33 and
93 days of storage. Internal levels of GA 9, GAy
and GA, rose slightly between 93 and 135 days
of storage reaching levels comparable to those
found in highly dormant tubers immediately after
harvest. Levels of GA 9, GA,, and GA, continued
to increase as sprout growth became more vigor-
ous. Neither GA, nor GAg was detected in any
tuber sample regardless of dormancy status.
Dormant tubers exhibited a time-dependent
increase in apparent GA sensitivity. The results
did not support a role for endogenous GA in
potato tuber dormancy release but were consis-
tent with a role for GAs in the regulation of sub-
sequent sprout growth.

Tuberisation in potato plants had been consid-
ered to be controlled both by tuberonic acid TA
and its glucoside formed in leaves under short-
day conditions (Koda and Okazawa 1988; Koda
et al. 1988). The tuber-inducing compound from
potato leaves was identified as 3-oxo-2-(5'-f-p-
glucopyranosyloxy-2'-Z-pentenyl)-
cyclopentane-L-acetic acid, and its aglycone was
named as tuberonic acid (Yoshihara et al. 1989).
The chemical structure of tuberonic acid (3-oxo-
2-[5-hydroxy-2-cis-pentenyl]-cyclopentane-1-
acetic acid), the aglycone of a potato
tuber-inducing substance isolated from potato
leaves, was closely related to that of jasmonic
acid (Koda et al. 1991). Jasmonic acid and its
methyl ester showed strong tuber-inducing activ-
ity (Koda et al. 1991, 1992a).

Jasmonic acid endogenous level in potato
tubers with unsprouted buds was 325 ng/g dry
weight, diminishing during sprouting to 164 ng
(Castro et al. 1999). The high levels of jasmonic
acid found in potato tuber buds in correlation
with the capacity of this compound to induce
radial expansion of the meristematic cells in the
buds indicated the participation of jasmonic
acid in the growth of these organs during the
process of bud transformation into sprouts.
Theobroxide a natural compound from the fun-
gus Lasiodiplodia theobromae was found to
have a significantly inductive effect on potato
tuber formation in-vitro and in-vivo. The results
suggested that the inductive effect of theobrox-
ide on tuber formation is probably achieved by
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stimulating jasmonic acid (JA) and tuberonic
acid (TA) synthesis as it increased endogenous
levels of JA and TA and lipoxygenase (LOX)
activity.

No significant changes were found in free
auxin (indole-3-acetic acid, IAA) level during
dormancy of potato tubers stored at 4 °C fol-
lowed by a rapid decrease during sprouting
(Sukhova et al. 1993). It was found that IAA did
not appear to have a significant effect on tuber
dormancy, while cytokinins were probably nec-
essary for sprouting initiation. Under non-induc-
tive long-day (LD) conditions, the free auxin
IAA concentration increased from the apex to the
lower parts of the potato plant (Roumeliotis et al.
2012). Average IAA concentrations of 560, 2510
and 3250 pmol of IAA/g fresh weight (FW) were
measured for the shoot apex, middle and basal
part of the stem, respectively. Under LD condi-
tions, the free auxin concentration in the stolon
apical meristem (STAM) was 270 pmol/g
FW. After a small initial decrease after the switch
to SD (inductive) conditions on day 5 (70 pmol/g
FW), TAA levels increased dramatically to a
maximum of 1050 pmol/g FW on day 16, at
which time the first tubers were observed. The
tuber apex had the lowest concentrations of free
IAA (110 pmol/g FW) but in similar concentra-
tion ranges to those in the perimedullary region
(120 pmol/g FW) and the pith (170 pmol/g FW).
The highest concentration of IAA was observed
in the tuber heel (240 pmol). IAA levels of whole
tuber samples were ~160 pmol/g FW, signifi-
cantly less than at tuber swelling (1050 pmol/g
FW). Strigolactones were detected in stolons of
in-vivo growing potato plants, and the role these
may play in tuberisation remained unclear.
Strigolactones were measured for the first time in
potato roots. Studies suggested that auxin and
strigolactone had the capacity to modulate each
other’s levels and distribution in a dynamic feed-
back loop required for the coordinated control of
axillary shoot branching (Gomez-Roldan et al.
2008; Hayward et al. 2009). The results of a
recent study by Pasare et al. (2013) suggested
that strigolactones could have an effect, solely or
in combination with other phytohormones, in the
morphology of potato plants and also in control-
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ling stolon development and maintaining tuber
dormancy.

Potato leaves were found to contain a high
basal level of free and conjugated salicylic acid
(Yu et al. 1997). HPLC of acidic compounds
from potato leaves soluble in aqueous methanol
showed the presence of salicylic acid, benzoic
acid, ferulic acid, caffeic acid or cinnamic acid
(Coquoz et al. 1998). Radiolabelling studies with
untreated leaves showed that salicylic acid was
synthesised from phenylalanine and that both
cinnamic and benzoic acid were intermediates in
the biosynthesis pathway. However, the natural
occurrence of salicylic acid was not detected in
the leaves of potato plants that had been grown
under tuber-inducing conditions (short days) and
had begun to form tubers (Koda et al. 1992b).
The results appeared to exclude the possibility of
the involvement of salicylic acid in the natural
tuberisation of potato plants.

Alkaloids

Solanine was first reported in potato by Baup
(1826) who found much higher levels in the
sprouts than in the tuber. The major glycoalka-
loids in the cultivated potato were reported to be
a-, f- and y-solanine and a-, - and y-chaconine,
all six compounds having the same steroidal base
(solanidine) but differing in the attached sugar
molecule linked glycosidically (Bretzloff 1971).
Potato  tubers contained  glycoalkaloids,
a-solanine and a-chaconine, and the aglycones,
demissidine and solasodine (Cahill et al. 2010).
A means of distinguishing solanidine and demis-
sidine by formation of their respective 3
B-trifluoroacetates with trifluoroacetic anhydride
was demonstrated using gas—liquid chromatogra-
phy (King 1980). Two major steroid glycoalka-
loids, in addition to a-solanine and a-chaconine,
were isolated from leaves and aged tuber slices of
potato, Solanum tuberosum var. Kennebec, which
possessed the germplasm of Solanum demissum
(Shih and Kué¢ 1974). They were glycosides of
tomatidenol and were identified as a- and
B-solamarine. The compounds were not found in
tuber peel or freshly sliced Kennebec tubers or in
20 other cultivars. The total glycoalkaloid con-
tent of the aged potato slices increased dramati-
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cally on ageing; a-solanine and a-chaconine both
increased in these slices, but the greatest increase
was in the former (Fitzpatrick et al. 1977).
Appearing solely in the aged slices of potato
Kennebec variety, a-and p-solamarine appeared
early in the storage period and gradually
decreased over the storage period. Analyses of
the unaged slices indicated that the glycoalkaloid
content and composition of the potato tubers was
little affected by storage. Ageing of potato sprouts
did not change their glycoalkaloid content.

The glycoalkaloids, aglycones and carbohy-
drate components found in Solanum species
including S. tuberosum were reported by Woolfe
and Poats (1987): glycoalkaloid a-solanine, its
aglycone solanidine and carbohydrate compo-
nents trisaccharide, solatriose (D-galactose,
L-rhamnose, D-glucose); glycoalkaloid
a-chaconine, its aglycone solanidine and carbo-
hydrate component trisaccharide, chacotriose
(p-glucose and 2 molecules of L-rhamnose); gly-
coalkaloid dehydrocommersonine, its aglycone
solanidine and carbohydrate component tetrasac-
charide, commertetrose (p-galactose and 3 mole-
cules of p-glucose); glycoalkaloid demissine, its
aglycone demissidine and carbohydrate compo-
nent tetrasaccharide, lycotetraose (D-galactose,
D-glucose, D-glucose, D-xylose); glycoalkaloid
a-solamarine, its aglycone tomatidenol and car-
bohydrate component trisaccharide, solatriose
(p-galactose, L-rhamnose, D-glucose); and gly-
coalkaloid p-solamarine, its aglycone tomatide-
nol and carbohydrate component trisaccharide
chacotriose (D-glucose, 2 molecules of L-
rhamnose). Glycoalkaloids f- and 7y-solanines
and B- and y-chaconines were products of partial
hydrolysis of the respective a-glycosides.

Solanidin glycosides (mg/kg FW) had been
reported in all parts of potato plant. Highest con-
centrations were found in flowers 2150-5000 mg
(Lampitt et al. 1943; Wood and Young 1974;
Kozukue et al. 1987); flower petals 3060—
4970 mg and calyces 4770-5710 mg (Kozukue
etal. 1987); unripe berries 420—1080 mg (Boemer
and Mattis 1924; Lampitt et al. 1943); young
leaves 230-1000 mg (Wood and Young 1974;
Kozukue et al. 1987); and sprouts 1950—
17,700 mg (extremely high due to illumination of



40

sprouts) (Wood and Young 1974; Kozukue et al.
1987). Glycoalkaloid (TGA) content in the sto-
lons ranged from 150-540 mg, roots 180—
400 mg, stems 23-33 mg, growing tops
300-860 mg (Lampitt et al. 1943; Wood and
Young 1974; Kozukue et al. 1987), and lateral
stems 30-71 mg (Kozukue et al. 1987). There
were normal levels of TGA (mg/100 g FW) in
various tuber tissues: whole tuber 7.5 (4.3-9.7)
mg, flesh 1.2-5 mg, skin 2-3 % of tuber
30-60 mg, peel 10-15 % of tuber 15-30 mg, bit-
ter tuber 25-80 mg, and peel from bitter tuber
150-220 mg (Wood and Young 1974). TGA lev-
els in small tubers of 1040 g were high
96-448 mg (Verbist and Monnet 1979). Friedman
and Dao (1992) reported TGA (a-chaconine and
a-solanine) contents of different parts of the new
NDA 1725 potato cultivar (mg/100 g of fresh
weight) as follows: tubers, 14.7; main stems,
32.0; small stems, 45.6; roots, 86; leaves, 145;
and sprouts, 997. The a-chaconine content of
several other potato cultivars ranged from 1.17 to
13.5 mg/100 g of fresh weight and the corre-
sponding a-solanine content from 0.58 to
5.9 mg/100 g of fresh weight. The corresponding
values for potato berries were 22.1 and
159 mg/100 g of fresh weight, respectively.
Friedman et al. (2003a, b) reported 12-543 mg/
kg FW TGA content in potato peel. Potato peels,
accounting for about one-seventh of the whole
tuber weight, contained solanine and solanidine,
respectively, at concentrations 2.5 and 6.2 times
higher than the remaining tuber tissue or approxi-
mately 30 % of the total glycoalkaloid amount
(Zitnak 1961). The outer 3 mm of the tuber con-
tained approximately half of the TGA; however,
it represented only 14 % of total potato weight.
Free alkaloid solanidine was detected in concen-
trations up to 200 ppm or 33 % of the total
glycoalkaloid level in bitter Netted Gem pota-
toes. Continuous illumination with 15- and 25-W
incandescent light for 10 days increased glycoal-
kaloid content of peelings (12-14 % of tuber
weight) in uncured potatoes by a factor of 3.2 and
2.8, respectively, while the corresponding factor
for cured tubers was only 1.8 for both lights
(Zitnak 1981). The peeled tuber portion (86—
88 % of tuber weight) had negligible amounts of
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glycoalkaloids, averaging about 1 mg per 100 g
of fresh weight. The rise of glycoalkaloid levels
in peels of uncured tubers was nearly linear to
164.7 mg/100 g (15 W light) with no indication
of levelling off. Bushway et al. (1983) found raw
peels to contain 1.30-56.67 mg/100 g peel (wet
weight), a-chaconine and 0.5-50.16 mg/100 g
peel (wet weight) a-solanine. Raw flesh from the
same potatoes contained 0.02-2.32 mg/100 g
flesh (wet weight) o-chaconine and 0.01-
2.18 mg/100 g flesh (wet weight) of a-solanine.
The tubers of Polish potato cultivars were
reported to contain between 12 and 159 mg/kg
glycoalkaloids, German cultivars 20 and 220 mg/
kg, American cultivars 20 to 130 mg/kg and
British cultivars 36 to 142 mg/kg (Dale and
Mackay 1994; Nowacki 2009). The average TGA
content (a-solanine and a-chaconine combined)
for the different Swedish domestic early potato
varieties ranged from 51 to 221 mg/kg fresh
weight (Hellenis et al. 1995a). a-Solanine con-
stituted on average between 35 and 41 % of the
glycoalkaloids detected. The glycoalkaloid con-
centrations in individual samples were in the
range 31-344 mg/kg. The variety Ulster Chieftain
accounted for 88 % of the samples above 200 mg/
kg. The established Swedish consumer potato
variety Magnum Bonum was found to contain
potentially toxic levels of the glycoalkaloids
(a-solanine and a-chaconine) in the tubers, rang-
ing from 61 to 665 mg/kg fresh weight with an
average of 254 mg/kg (Hellends et al. 1995b).
Sixty-six percent of the samples exceeded a tem-
porary maximum residue limit of 200 mg/kg;
8 % were above 400 mg/kg. Peeling did not sig-
nificantly remove the glycoalkaloids in tubers
with a high content. Tomdoskozi-Farkas et al.
(2006) reported that tested Hungarian potato
varieties contained between 0.09 and 15 mg/100 g
glycoalkaloids. The content of glycoalkaloids in
the new varieties of potato was lower than the
limit of the official food regulations. A cross-
Canada survey of B5141-6° potatoes grown at 12
locations showed a distinct bitter off-flavour
found to be due to the presence of unusually high
total glycoalkaloid content (TGA), mostly in
excess of 20 mg per 100 g of fresh weight (Zitnak
and Johnston 1970). Samples of check varieties
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commonly grown in the selected locations,
Kennebec, Irish Cobbler and Netted Gem,
showed comparably low, normal TGA levels.
Significant differences in tuber glycoalkaloid
(TGA) content were found among five commer-
cial varieties and B5141-6 grown at 39 different
locations in 28 states in America (Sinden and
Webb 1972). Line B5141-6 had the highest aver-
age TGA content, 29.3 mg/100 g in 1970 and
28.1 mg/100 g in 1971. Average TGA contents in
1970 of Kennebec, Russet Burbank, Katahdin,
Irish Cobbler and Red Pontiac were 9.7, 7.9, 7.9,
6.2 and 4.3 mg/100 g, respectively. There were
also significant location effects. Storage of pota-
toes at 5 °C increased the proportions of the
4-0-a-p-galactoside of calystegine B, and the tri-
hydroxylated calystegine A; (Watson et al. 2000).
The following ranges of total glycoalkaloid
(a-chaconine and a-solanine) and calystegine (A;
and B,) levels were observed for the eight USA
potato varieties (Atlantic, Dark Red Norland,
Ranger Russet, Red Lasoda, Russet Burbank,
Russet Norkota, Shepody and Snowden): dry
flesh, 5-592 and 6-316 mg/kg; dry peel, 84-2226
and 218-2581 mg/kg; dry whole potatoes,
40-883 and 34-326 mg/kg; wet flesh, 1-148 and
1-68 mg/kg; wet peel, 12-429 and 35-467 mg/
kg; and wet whole potatoes, 7-187 and 5-68 mg/
kg (Friedman et al. 2003b). The two water-
soluble nortropane alkaloids, calystegines A; and
B,, were found to be potent glycosidase inhibi-
tors. The a-solanine content of Pakistani potato
varies from 45.98 to 2742.60 mg/100 g of dry
weight (DW) in peel and from 4.01 to
2466.56 mg/100 g of DW in flesh (Aziz et al.
2012). Similarly, o-chaconine content varied
from 4.42 to 6818.40 mg/100 g of DW in potato
peel and from 3.94 to 475.33 mg/100 g DW in
flesh portion. The total glycoalkaloids (TGA)
concentration  varied from 177.20 to
5449.90 mg/100 g of DW in peel and from 3.08
to 14.69 mg/100 g of DW in flesh portion of all
the potato cultivars tested. All the potato cultivars
contained lower concentration of TGA than the
limits recommended as safe, except two culti-
vars, namely, FD 8-3 (2539.18 mg/100 g of DW)
and Cardinal (506.16 mg/kg). The dietary intake
assessment of potato cultivars revealed that

a

Cardinal, FD 35-36, FD 8-3 and FD 3-9 con-
tained higher amount of TGA in whole potato,
although FD 8-3 only possessed higher content
of TGA (154.93) in its flesh portion rendering it
unfit for human consumption. Potato tubers of all
somatic hybrids (except one clone) between tet-
raploid Solanum tuberosum cv. Dejima and the
dihaploid clone ATDH-1 induced by another cul-
ture from Solanum acuale-T (acl-T) were found
to contain four glycoalkaloids, namely,
a-chaconine, o-solanine, o-tomatine and demis-
sine derived from the fusion parents. The lack of
o-tomatine in the remaining clone may be due to
somaclonal variation (Kozukue et al. 1999). §.
tuberosum tubers contained o-chaconine and
a-solanine, whereas acl-T and ATDH-1 tubers
were found to contain o-tomatine and
demissine.

The content of solanidine glycosides (mg/kg
fresh weight) of individually analysed small
tubers of four S. fuberosum cultivars grown in
pots in a glasshouse were determined as follows:
Bintje range 73-88 mg, average 126 mg; AM
78-3778 range 321-1484 mg, average 721 mg;
Arabesque range 95-265 mg, average 1155 mg;
and Pimpernel 132-1287 mg, average 522 mg.
The average solanidine glycoside content of
field-grown mature-harvested tubers were Bintje
40 mg, AM 78-3778 360 mg, Arabesque 58 mg
and Pimpernel 146 mg (Van Gelder et al. 1988).

Three samples of commercial chips 3 con-
tained 9.5-72 mg TGA/100 g chips (Sizer et al.
1980). Removal of peel lowered TGA content in
finished chips. Two types of fried peels con-
tained more a-chaconine (2.18-92.82 mg/100 g
cooked peel) and oa-solanine  (1.09-
72.09 mg/100 g cooked peel) (Bushway et al.
1983). Four commercial potato peel products—
wedges, slices, fried peels and baked-fried
peels—contained 3.60-13.71 mg
a-chaconine/100 g cooked product and 1.60—
10.48 mg a-solanine/100 g cooked product. The
major glycoalkaloids in fried, baked, micro-
waved and boiled potatoes were a-chacocine
ranging from 0.04 to 97.9 mg/100 g product and
a-solanine 0.04 to 48 mg/100 g product
(Bushway and Ponnampalam 1981). A slight
loss of TGA was observed with frying. TGA
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contents (mg/100 g product) in various potato
products reported were in baked jacket potato
99-113 mg, fried skins 567-1450 mg, frozen
mashed potato 2-5 mg, frozen baked potato
80-123 mg, frozen chips 2-29 mg, canned
peeled potato 1-2 mg, dehydrated potato flour
65-76 mg, dehydrated potato flakes 15-23 mg
(Bushway and Ponnampalam 1981), frozen
skins 65-121 mg (Bushway et al. 1983), boiled
peeled potato 24—42 mg (Mondy and Gosselin
1988), and frozen fried potato 4-31 mg Bushway
and Ponnampalam 1981; Saito et al. 1990).
Commercial potato products, such as potato
crisps, chips and tinned new potatoes, have been
found to contain similar low levels <10 mg/100 g
on equivalent fresh weight basis were within
those accepted as safe by breeders of commer-
cial potatoes. Friedman and Dao (1992) reported
the following glycoalkaloid contents in freeze-
dried French fries (0.08-0.84 mg/100 g of prod-
uct), skins (3.1-20.3 mg/100 g of product),
potato chips (2.4-10.9 mg/100 g of product) and
potato pancake powders (4.5-6.5 mg/100 g
product). In the UK, potato products, when cal-
culated on an equivalent fresh weight basis, all
contained <10 mg/100 g (Davies and Blincow
1984). They reported the following mean gly-
coalkaloid levels in potato: main crop
10.4 mg/100 g, UK earlies 11.3 mg/100 g and
imported earlies 12.3 mg/100 g.

The most abundant glycoalkaloids in potato
were reported as o-solanine and o-chaconine
(Friedman and McDonald 1997). The cultivated
potato (Solanum tuberosum) contained a-solanine
and a-chaconine in the ratio of 0.3 to 0.8
(a-solanine to a-chaconine) (Friedman et al.
2003a).  Glycoalkaloids  (a-solanine  and
a-chaconine) had been reported to contribute fla-
vour to potatoes but at higher concentrations
(>200 mg/kg) caused bitterness (Friedman 2006).
Potatoes containing over 0.02 % steroid
glycoalkaloids are considered toxic to man, and
at this concentration they would impart a dis-
tinctly bitter flavour (Kuc 1984). Arachidonic
acid and eicosapentaenoic acids, two polyunsatu-
rated fatty acids isolated from Phytophthora
infestans, were found to be potent inhibitors of
steroid  glycoalkaloid  (a-chaconine  and
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a-solanine) accumulation in potato. Both acids
elicited the localised accumulation of sesquiter-
penoids including rishitin, lubimin, phytuberin,
phytuberol and solavetivone. Rishitin and lubi-
min generally comprised 85-90 % of the total
sesquiterpenoids which accumulated. The steroid
glycoalkaloids and sesquiterpenoids appeared to
have a role in disease resistance to some fungal
pathogens.

Potato tubers protected from light contained
0.05-0.65 mg/100 g a-solanine and 0.3—
0.63 mg/100 g a-chaconine, and concentrations
in leaf samples ranged from 0.64 to 22.6 mg
o-solanine/100 g and 0.06 to 55.7 mg
a-chaconine/100 g (Phillips et al. 1996). Shakya
and Navarre (2008) reported more than 50 gly-
coalkaloids with solanidane or solanidane-like
aglycones in wild and three cultivars of S.
tuberosum. Basal glycoalkaloid (a-chaconine
and a-solanine) levels in tubers varied between
potato cultivars (Petersson et al. 2013). Wounding
and light exposure, but not heat, increased tuber
glycoalkaloid levels, and the relative response
differed among the cultivars. Also, calystegine
levels (As;, B, and B,) in potato tubers varied
between cultivars, with calystegine B4 showing
the most marked variation. However, the total
calystegine level was not affected by wounding
or light exposure. There was strong variation
among potato cultivars with regard to postharvest
glycoalkaloid increases, suggesting that the bio-
synthesis of glycoalkaloids and calystegines
occurred independently of each other.

The tubers of 14 potato varieties were anal-
ysed for glycoalkaloids. The levels of glycoalka-
loids in tubers of 14 potato varieties were all
within the safe limits for human consumption
(Uppal 1987). The peels of tuber contained about
60-70 % of the total glycoalkaloids present in
the whole tuber. The levels of glycoalkaloids in
leaves and tubers were correlated (R?=0.865).
There was a significant increase in the content of
glycoalkaloids in peels of tubers exposed to sun-
light. Glycoalkaloid contents increased at the
rate of 1.9 mg/100 g fresh weight per day in
peels of Kufri Jyoti tubers exposed to diffused
sunlight. The principal glycoalkaloids a-solanine
and a-chaconine were present in higher concen-
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tration in the peel than in the flesh of 12 com-
mercial varieties of Mexican potato varieties
(Sotelo and Serrano 2000). The main alkaloid in
the peel of the potatoes was a-chaconine com-
prising about 65-71 % of the total glycoalka-
loids. The high concentration of a-chaconine in
peel, which was more toxic than a-solanine,
afforded more protection to the tuber against
predators. Based on the results, the consumption
of the 12 commercial varieties of Mexican pota-
toes did not represent any danger to human
health. Of 27 Japanese potato varieties, May
Queen and Sherry showed high contents of
total glycoalkaloids (a-solanine, a-chaconine)
(180 mg/kg and 320 mg/kg, respectively) among
the raw potatoes of middle size (ca. 100 g)
(Shimoi et al. 2007). In contrast, Inca Red
showed the lowest content of 21 mg/kg. Higher
contents of total glycoalkaloids were found in
smaller potatoes. The content of total glycoalka-
loids varied in the range of 48-350 mg/kg in the
potatoes in commercial foods with peel.

The tubers of the early potato variety Aster,
harvested in the first period, contained the high-
est amount of glycoalkaloids, while the tubers of
the middle-late variety Bryza, harvested in the
second and third periods, contained the lowest
amount of glycoalkaloids (Peksa et al. 2002).
Peeling of tubers caused a decrease of a-solanine
and a-chaconine contents in the investigated vari-
eties. The highest amounts of glycoalkaloids and
nitrates were removed during peeling, blanching
and frying (Rytel et al. 2005). In the processed
potatoes, the ratio of a-chaconine to a-solanine
decreased. French fries ready for consumption
contained only 3-8 % of the glycoalkaloids and
5-6 % of the nitrates found in the raw material.
Significant decrease of glycoalkaloids, particu-
larly o-solanine, and nitrate contents was
observed during the process of potato chips pro-
duction (Peksa et al. 2006). The ratio of
a-chaconine to a-solanine contents during potato
processing was maintained at a similar level dur-
ing the whole process and was about 2.5:1. The
highest amounts of glycoalkaloids were removed
during peeling, slicing, washing and frying, and
the highest amounts of nitrates during peeling
and frying.
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Percival et al. (1996) found that regardless of
cultivar, glycoalkaloid concentrations were
increased after light exposure compared with ini-
tial concentrations. Average daytime irradiance
during this period was 232 pmol/m?%s.
Glycoalkaloid concentrations fluctuated with
time and continuous accumulation of glycoalka-
loids with time was not demonstrated.
Glycoalkaloid synthesis was maximal in the
sequence pink-skinned cv. Kerrs Pink <white-
skinned cv. Pentland Hawk<red-skinned cv.
Desiree. Exposure to daylight altered the ratio of
a-chaconine/a-solanine in tubers of cv. Desiree
but not those in cv. Pentland Hawk and Kerrs
Pink. Glycoalkaloid concentrations in all culti-
vars were higher than the recommended food
safety level; this was reached after 8 days in cv.
Kerrs Pink and Desiree and at 13 days in Pentland
Hawk. Coloured-fleshed potato varieties con-
tained lower than 300 mg/kg DW of glycoalka-
loids (Tajner-Czopek et al. 2012). Red-fleshed
varieties contained 8 % higher glycoalkaloid
content than blue-fleshed varieties. The highest
changes of proportion between o-solanine and
a-chaconine were in crisps. The peeling process
decreased the glycoalkaloid content in tubers
regardless of variety. The highest decrease of gly-
coalkaloid was found in crisps and French fries.
The glycoalkaloid content in the boiled peeled
potatoes was less than 9 mg/100 g, but in A,
Montsama and Puebla varieties, both glycoalka-
loids were absent. Potatoes of coloured-fleshed
varieties studied were characterised by a low gly-
coalkaloid content at 5.47 mg/100 g (Rytel et al.
2013). The production of dehydrated potato dice
influenced the decrease in glycoalkaloids content
in potato products. The majority of glycoalkaloid
compounds were removed during the peeling
(70 %) and blanching process (29 %). Potato dice
blanched at the highest temperature (85 °C) and
pre-dried at 120 °C was characterised by the low-
est quantity of glycoalkaloids content, whereas
the highest content of these compounds was
found in dice blanched potato at the lowest tem-
perature (65 °C) and pre-dried at 120 °C. The
blanching process had greater influence on the
decrease in glycoalkaloids content than pre-
drying process.
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Nikolic and Stankovic (2003) reported an
optimal solid-liquid-liquid system for hydrolytic
extraction of solanidine, a steroidal aglycone,
from potato vines. Solanidine hydrolytic extrac-
tion (DHE) of more than 98 % was achieved
when 10 % (w/v) hydrochloric acid in 50 % (vol-
ume) methanol was the first liquid phase and
chloroform was the second liquid phase. The
yield of solanidine (q(S)) under these conditions
was calculated to be 0.24 g/100 g of potato vines.
A run yielded 98 mg of solanidine (86.7 % recov-
ery from potato crude extract) in a one-step sepa-
ration using centrifugal partition chromatography
(CPC) (Attoumbré et al. 2013). The purity of the
isolated solanidine was over 98 %. a-Chaconine
(54 mg) and a-solanine (15 mg) were separated
from crude potato extract in one step of purifica-
tion using CPC (Attoumbré et al. 2012). A run
yielded 98 mg of solanidine (86.7 % recovery
from potato crude extract) in a one-step separa-
tion using centrifugal partition chromatography
(CPC) (Attoumbré et al. 2013). The purity of the
isolated solanidine was over 98 %. a-Chaconine
(54 mg) and a-solanine (15 mg) were separated
from crude potato extract in one step of purifica-
tion using CPC (Attoumbré et al. 2012). Using
response  surface  methodology, optimal
ultrasound-assisted extraction (UAE) conditions
resulted in the recovery of 1102 pg steroidal
alkaloids/g dried potato peel (DPP) (Hossain
et al. 2014). In contrast, solid-liquid extraction
(SLE) yielded 710.51 pg/g glycoalkaloid
DPP. Recoveries of individual glycoalkaloids
using UAE yielded 273, 542.7, 231 and 55.3 pg/g
DPP for a-solanine, a-chaconine, solanidine and
demissidine, respectively, whereas for SLE yields
were 180.3, 337.6, 160.2 and 32.4 pg/g DPP for
a-solanine, a-chaconine, solanidine and demis-
sidine, respectively.

The polyhydroxylated nortropane alkaloids
called calystegines were found in the tubers and
leaves of Solanum tuberosum (Nash et al. 1993).
They were found to be potent inhibitors of glyco-
sidases and may be responsible for neurological
disorders in livestock. Calystegines A; and B,
had been demonstrated to occur in the leaves,
skins and sprouts of S. tuberosum (Asano et al.
1997). Calystegine B2 was a strong competitive
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inhibitor of the a-galactosidase activity in human
and animal livers. Human p-xylosidase was
inhibited by all four nortropanes calystegines As,
B, B, and C,. Calystegines A; and B, were found
in various parts of the tubers (whole potato, peel,
flesh and sprouts) (Kvasnicka et al. 2008;
Griffiths et al. 2008). On average, calystegine
concentrations in the peel were about 13 times
that found in the flesh for the five S. ruberosum
group Tuberosum cultivars (Griffiths et al. 2008).
The calystegine content of sprouts of the four
cultivars was found to include small amounts of
four additional types, calystegine B;, By, N, and
X,, in addition to the more abundant A; and B,.
Concentrations in the sprouts were on average
100 times higher than that in the tuber flesh and 8
times higher than in the peel. No correlation was
found between sprout concentration and either
flesh or peel calystegine concentration.

Volatiles and Miscellaneous

Compounds

Potato flavour is a complex trait resulting from
the presence of a combination of volatile and
non-volatile compounds (sugars, glycoalkaloids,
major umami amino acids and 5’-ribonucleo-
tides) (Morris et al. (2011). Tuber-specific over-
expression of a potato a-copaene synthase gene
resulted in enhanced levels (up to 15-fold higher
than controls) of the sesquiterpene a-copaene. A
positive correlation (R?=0.8) between transgene
expression level and a-copaene abundance was
observed. No significant changes in the levels of
volatiles other than a-copaene were detected.
Sensory analysis suggested that a-copaene was
not a major component of potato flavour. There
were strong correlations between umami com-
pounds amino acids, glutamate and aspartate, and
the 5'-nucleotides, guanosine monophosphate
(GMP) and adenosine monophosphate (AMP)
with flavour attributes and acceptability scores
from a trained evaluation panel, suggesting
umami to be important component of potato fla-
vour (Morris et al. 2007). A range of non-volatile
metabolites including the major umami com-
pounds, glycoalkaloids and sugars in cooked
potato tuber were found to impact on potato fla-
vour (Morris et al. 2010). Correlation and princi-
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pal component analyses revealed differences
between the potato cultivars and storage condi-
tions and demonstrated associations of metabo-
lites with the different sensory attributes.

Studies by Burton and Meigh (1971) sug-
gested that sprout inhibiting volatile constituent(s)
of potato may be olefinic, ethereal and/or sulphur
containing. Ethylene may be produced in very
small quantities, insufficient to be an active ole-
finic constituent. Of the identified aromatic com-
pounds evolved by stored potato tubers,
benzothiazole, 1,4-dimethylnaphthalene and
1,6-dimethylnaphthalene were found to be com-
paratively potent inhibitors of sprout growth in
the potato tuber (Meigh et al. 1973). The growth-
suppressing activity of the two dimethylnaph-
thalenes was comparable with that of
isopropyl-(N-3-chlorophenyl)-carbamate, used
commercially in potato storage. Filmer and
Rhodes (1984) found 1,4,6-trimethylnaphtha-
lene to be an effective sprout suppressants
compared to 1,4-dimethylnaphthalene; 1,4,5-
trimethylnaphthalene;  2,3,6-trimethylnaphtha-
lene; and 1,6,7-trimethylnaphthalene in bioas-
says based on both excised cultured shoot tips
and intact potato tubers. Two volatile compounds
produced by potato tubers with sprout growth-
inhibitory activity was identified as diphenyl-
amine and dibenzothiophene; the former was
found to be an effective sprout suppressant for
whole tubers (Filmer and Rhodes 1985).
Treatment of nondormant potato tubers with
vapours of six 8—10-carbon a,p-unsaturated car-
bonyl compounds suppressed sprout growth at
16 °C (95 % relative humidity) over ca. 3 months
in storage in a concentration-dependent manner
(Knowles and Knowles 2012). The volatile
metabolites produced by sprout and associated
tuber tissues following treatment with 3-octen-2-
one, 3-nonen-2-one and 3-decen-2-one were the
corresponding alkyl ketones and alkyl secondary
alcohols. In contrast, (E)-2-octenal, (E)-2-
nonenal and (E)-2-decenal were metabolised by
two pathways: (1) parent compound to the corre-
sponding alkyl aldehyde and then to the alkyl pri-
mary alcohol and (2) parent compound to the
alkenyl primary alcohol. The concentrations of
the parent ketone and aldehyde declined rapidly
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following application, and the most persistent
metabolites were 2-nonanol and (E)-2-nonen-
1-ol, respectively.

2-Methoxy-3-isopropylpyrazine was found to
be a major contributor to the earthy aroma of
potato (Buttery and Ling 1973). Other volatile
compounds identified included heptanol, octanol,
octan-3-ol, hexan-2-one and non-cis-3-enol.
Twelve volatile aroma compounds were found in
potato tubers from different varieties after har-
vesting: two unknowns, acetaldehyde, propanal,
2-butanone, pentanal, hexanal, heptanone,
n-heptanal, 2-hexenal, octanal and nonanone
(Khan et al. 1977). The major volatile aroma
compounds in potato tubers were identified as:
n-pentanol, n-hexanol, (E)-2-hexenal, n-heptanal,
(E,E)-2,4-decadienal and (FE,Z)-2,4-decadienal
(Fischer 1991). There were clear quantitative dif-
ferences in the aromatic spectrum over a wide
range of nitrogen and potassium inputs. Individual
components altered within the spectrum espe-
cially after high nitrogen inputs. It was postulated
that changes in the aroma of potato after increased
fertiliser inputs were due to saturated and unsatu-
rated aldehydes with their low sensory. Ulrich
et al. (2000) identified the following volatiles in
raw potato extract: 2,3-butanedione;
2,3-pentanedione; hexanal; 1-penten-3-ol; pyri-
dine; 2-methyl-1-butanol; 2-pentylfuran; (E)-2-
(1-pentyl)furan; 1-hexanol; (E)-2-octenal;
2-furancarboxaldehyde; (E)-2-nonenal; (E,Z)-2-
6-nonadienal; phenylacetaldehyde; (Z)-3-nonen-
1-ol; p-damascenone; 2,4-decadienal; benzyl
alcohol; phenylethyl alcohol; pyrazine; methyl-
pyrazine; 2,5-dimethylpyrazine; 2,6-dimethyl-
pyrazine; 2-ethyl-6-methylpyrazine; 2,6-
diethylpyrazine; 3-ethyl-2,5-di methylpyrazine;
2-ethyl-3,5-dimethylpyrazine; and antioxidant
activity and total phenolics in different genotypes
of potato (Solanum tuberosum L.).

The following volatiles were emitted by potato
foliage: trans-2-hexenal, 1-hexanol, 2-hexanol,
3-hexanol, frans-2-hexen-L-ol, trans-3-hexen-
L-o0l, cis-3-hexen-L-ol, cis-2-hexen-1ol and lin-
alool (Visser and Avé 1978; Visser et al. 1979).
Bolter et al. (1997) identified the following vola-
tiles in the head space of intact potato plants ((Z)-
3-hexen-1-ol; nonanal; decanal; linalool;
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4,8-dimethyl-1,3(E),7-nonatriene;
p-caryophyllene; a-selinene; p-selinene; myr-
cene, limonene; ledol; &-cadinene; y-cadinene
and o-pinene) and from Colorado beetle
(Leptinotarsa decemlineata)-infested and danged
potato plants ((Z)-3-hexen-1-ol; (Z)-3-hexen-1-
yl-butyrate, heptanal, octanal, nonanal, decanal,
linalool, 4,8-dimethyl-1,3(E),7-nonatriene;
1,4,8-trimethyl-1,3(E),7-(E),11-decatraene;
B-caryophyllene; o-selinene; [-selinene; seli-
nene; 3-pentanone; sabinene; myrcene; limo-
nene; methyl salicylate; ledol; «-cubebene;
a-copaene; f-elemene; a-humulene; germacrene
D; &-cadinene; y-cadinene; (Z)-3-hexenl-yl ace-
tate; P-sesquiphellandrene; (E)-a-bergamotene;
indole; 1,8-cineole; furfural; y-muurolene; ar-
curcumene; tricyclene; (E)-p-farnesene; and
a-pinene). Two cyclic sesquiterpenes, caryophyl-
lene and germacrene D, were identified in the
volatile secretions of potato leaves; caryophyl-
lene was found to be a food attractant for potato
Colorado beetle (Khalilova et al. 1997). Fourteen
volatile sesquiterpenoids were identified in head-
space samples collected from potato plants
mechanically damaged or fed upon by the
Colorado beetle larvae: p-caryophyllene, trans-
a-bergamotene, sesquisabinene, o-humulene,
(E)-p-farnesene, (—)-germacrene D, trans-f-
bergamotene, a-zingiberene, bicyclogermacrene,
(+)-germacrene A, p-sesquiphellandrene, ger-
macrene D-4-ol, caryophyllene oxide and ledol
(Weissbecker et al. 2000). The antennae of the
predaceous  stinkbug  Perillus  bioculatus
responded to p-caryophyllene, a-humulene, (E)-
B-farnesene, (—)-germacrene D and germacrene
D-4-ol. Two sesquiterpenes that coeluted,
a-zingiberene and bicyclogermacrene, together
also elicited olfactory responses of P. bioculatus,
whereas the individual compounds did not.
Karlsson et al. (2013) proposed that volatiles,
such as sesquiterpenes and aldehydes, mediated
oviposition behaviour of the Guatemalan potato
moth Zecia solanivora and were correlated with
biosynthetically related, non-volatile compounds
of potato tubers, such as steroidal glycoalkaloids,
which influenced larval survival. Survival of lar-
vae was negatively correlated with the tuber con-
tent of the steroid glycoalkaloids a-solanine and
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a-chaconine: healthy potatoes contained lower
amounts than stressed tubers, ranging from 25 to
500 pg/g and from 30 to 600 pg/g, respectively.
Analysis of volatile compounds emitted by potato
tubers revealed that stressed tubers could clearly
be distinguished from healthy tubers by the com-
position of their volatile profiles. Compounds
that contributed to this difference were, e.g. deca-
nal, nonanal, isopropyl myristate, phenylacetal-
dehyde, benzothiazole, heptadecane, octadecane,
myristicin, E,E-o-farnesene and verbenone.
Earlier they found that Guatemalan moth females
showed a strong response to several sesquiter-
penes and monoterpenes that were emitted from
potato foliage only (Karlsoon et al. 2009). Potato
foliage of three phenological stages, from sprout-
ing to tuberisation and flowering, released more
than 30 sesquiterpenes which appeared to medi-
ate host finding and oviposition in the Guatemalan
moth. The maincompounds were 3-caryophyllene,
germacrene D-4-ol, germacrene D, kunzeaol and
(E,E)-a-farnesene. In addition, antennae
responded to methyl phenylacetate, a floral fra-
grance that was released in large amounts from
flowering plants and that was also present in
potato tuber headspace. Female and male moths
were attracted to methyl phenylacetate; this com-
pound may accordingly contribute to female
attraction to tuber-bearing potato plants in the
field as well as to potato tubers in storage. Mated
females of the potato tuberworm moth
Phthorimaea operculella were attracted to vola-
tiles released from intact potato tuber but unmated
females did not (Arab et al. 2007). The polypha-
gous predator Orius insidiosus were attracted to
volatiles from tubers damaged by P. operculella
larvae, but did not respond to intact or mechani-
cally damaged tubers. Methyl jasmonate (MeJA)
was the only compound identified from the head-
space of potato tubers. Behavioural bioassays
with synthetic MeJA confirmed that the response
of the insects is dependent on MelA
concentration.

The following volatiles were detected from
potato tubers infected with Erwinia carotovora:
acetone, ethanol, 2-butanone, acetaldehyde,
methyl acetate, ethyl acetate, propanethiol,
hydrogen sulphide, methyl sulphide, n-propanol
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and isobutanol (Varns and Glynn 1979). The fol-
lowing volatiles were generated by potato tubers
infected with Erwinia carotovora: acetone;
2-propenal; 2-methyl propanal; 2-butanone; ace-
tic acid; 1 hexene; 1-butanol; 2-methylhexane;
2-pentanone; heptane; dimethyl sulphide; meth-
ylcyclohexane; toluene; hexanal; octane; octene;
2-methyl-octane; ethyl benzene; xylene;
3-methyl-octane; 1,2,3-trimethylcyclohexane;
1,2-dimethyl benzene; 1-methyl-2-propyl-cyclo-

pentane; 1-heptene; 1-ethyl-4-
methylcyclohexane; nonane;  2,4-dimethyl-
hexane; propyl-cyclohexane;1-ethyl-2-methyl-

benzene; phenol; 2-methyl-nonane; 3-methyl-
nonane; octanal; trimethyl benzene;
2,2,3,4-tetramethyl-pentane;  1,2-undecadiene;
decane;4-methyldecane;limonene;(2-methylpropyl)-
cyclohexane; 3-methyl-bicyclo[3.2.1]-oct-2-ene;
3-methyldecane; 5,6-dimethyl-decane; 1-methyl-
4-(1-methyl)-ethyl benzene); nonanol; 3-methyl-
1-heptene; naphthalene; decanal;
2-phenoxyethanol; long-chain aliphatic (hep-
tadecane); butanoic acid; 1(3H)isobenzofuranone;
long-chain aliphatic; hexacosane; 3,4-dimethyl-
1-decene; 3-methylnonnane and 1-hexacosanol
(de Lacy Costello et al. 1999). The following
volatiles were generated by potato tubers infected
with Bacillus polymyxa: acetone, 2-methyl-pen-
tane, acetic acid, hexane, but-1-ene, cyclohexane,
2-methyl-1-pentene, 2-methylhexane,
3-methylhexane, heptane, methylcyclohexane,
N,N-dimethyl-formamide, toluene, hexanal,
xylene, 1-ethyl-3-methyl-benzene, decanal,
2-phenoxyethanol, 1-pentadecene, phytol and
1-chloro-tetradecane (de Lacy Costello et al.
1999). The following volatiles were generated by
potato tubers infected with Arthrobacter sp.: ace-
tone; 2-methyl-pentane; acetic acid; hexane; but-
1-ene; cyclohexane; 2-methyl-1-pentene;
2-methylhexane; 3-methylhexane;
2,3-dihydrofuran; 1,2-dimethyl-cis-
cyclopentane; heptane; methylcyclohexane; tolu-
ene; octane; xylene; l-ethyl-3-methyl-benzene;
nonanal; decanal; 2-phenoxyethanol and hexaco-
sane (de Lacy Costello et al. 1999). The follow-
ing volatiles were generated by potato tubers
inoculated with sterile distilled water: acetone;
2-propenal; 2-methyl-pentane; 3-methyl-
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pentane; 2-butanone; acetic acid; hexane, 1-buta-
nol; cyclohexane; 2-methyl-1-pentene;
(E)-2-butene; 2-methylhexane; 2-pentanone;
2,3,-dimethyl-pentane; 3-methylhexane;
2,4-dimethylheptene; 1,2-dimethyl-cis-cyclo-
pentane; (E)-2-butenal; heptane; methylcyclo-
hexane; toluene; hexanal; octane; ethylbenzene;
xylene;3,4-dihydro-2H-pyran; 1,2-dimethyl ben-
zene; nonane; 2,4-dimethyl-hexane; propyl-
cyclohexane;1-ethyl-2-methyl-benzene; phenol;
2-methyl-nonane; trimethyl benzene;l-ethyl-3-
methyl-benzene; decane; 4-methyldecane; limo-
nene; (2-methylpropyl)-cyclohexane;
1-methyl-3-propyl-benzene;  2-methyldecane;
3-methyldecane;  1-methyl-4-(1-methyl)-ethyl
benzene); 2,9-methyldecane; decanal;
2-phenoxyethanol; dodecane;
1(3H)isobenzofuranone; phytol; 3,4-dimethyl-1-
decene; 3-methylnonnane; 1-hexacosanol;
1-eicosanol; ((dodecyloxy)methyl)-oxirane;
3,5,24-trimethyl-tetracontane; and  1-chloro-
tetradecane (de Lacy Costello et al. 1999).
Schiitz et al. (1999) found 2-ethyl-1-hexanol
in significant amounts in the headspace of potato
tubers infected by Phytophthora infestans. The
following volatile compounds were collected
from potato tuber inoculated with Fusarium coe-
ruleum and P. infestans after incubation at 10°c
for 42 days: acetone, 2-methyl propanal; butanal;
acetic  acid;  2-butenal;  3-methyl-butenal;
1-butanol; cyclohexane; 2-methylhexane;
2-methylhexane; heptane; acetamide; methylcy-
clohexane; 1-pentanol; N, N-dimethylformamide;
toluene; hexanal; acetic acid butyl ester;
2-furancarboxaldehyde; N, N-dimethylacetamide;
xylene; 2-heptanone; styrene; benzaldehyde;
phenol; 2-pentylfuran; benzyl alcohol; 2-ethyl-1-
hexanol; limonene; 2-octenal; acetophenone;
1-octanol; methyl benzoate; nonanal; undecane;
naphthalene; iso-menthol; decanal;
2-phenoxyethanol; verbenone; dodecane; benzo-
thiazole; tridecane; copaene; tetradecane; caryo-
phyllene;  iso-caryophyllene;  n-dodecanol;
pentadecane; hexadecane; butylated hydroxyl
toluene; 2-methylpropanoic acid-2,2-dimethyl-1-
(2-hydroxy-1-methylethyl)-propyl ester; and
2-methylpropanoic acid-3-hydroxy-2,4,4-
trimethyl-pentyl ester (de Lacy Costello et al.
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2001). The following volatile compounds were
collected in the headspace of potato tuber inocu-
lated with sterile distilled water after incubation
at 10 °C for 42 days: acetone, acetic acid,
2-methyl propanal, 2-butenal, 1-butanol, cyclo-
hexane, 2-methylhexane, methylcyclohexane,
heptane, toluene, hexanal, xylene, phenol, limo-
nene, decanal, 2-phenoxyethanol and dodecane
(de Lacy Costello et al. 2001).

Volatiles generated from potatoes inoculated
with Ralstonia solanacearum, pathogen of potato
brown rot include 1-hepten-3-ol; 3,6-dimethyl-3-
octanone; 3-ethyl-3-methyl-pentane; 1-chloroctane;
benzothiazole; 3-methylbutanoic acid; 2,2,3,4-tet-
ramethyl-pentane; 2,3,4-triemthylhexane; 4 methyl-
octane; and 4 methyl-2-propyl-1-pentanol (Blasiole
et al. 2014). Volatiles generated from potatoes inoc-
ulated with Clavibacter michiganensis subsp. sepe-
donicus pathogen of potato ring rot disease include:
2-propanol, 3-methyl-3-buten-2one and toluene.
Possible volatile compounds are detected in the
head space of R. solanacearum diseased tubers
include: methanol, 2-propanol; acetaldehyde;
2-propane; acetic acid; ethyl acetate; dimethyl sul-
phide; 2-butanone; cyclohexane; hexanal; 3-methyl-
3-buten-1-ol; 2,3-butanedione; 2 pentanone and
dimethyl disulphide. Possible volatile compounds
detected in the head space of Clavibacter michi-
ganensis subsp. sepedonicus diseased tubers
include: methanol, 2-propanol; acetaldehyde; etha-
nol; acetic acid; ethyl acetate; 2-butanone; cyclo-
hexane; hexanal; 3-methyl-3-buten-1-ol;
2,3-butanedione; 2 pentanone and toluene.

A wide range of C,—C, alcohols and carbonyls
were identified in the volatile profile of Erwinia
carotovora-infected potato tubers compared to
healthy tubers (Waterer and Prtichard 1984). A
total of 81 volatile metabolites were detected
from Russet Burbank potatoes inoculated with
Erwinia carotovora ssp. carotovora (ECC),
Erwinia carotovora ssp. atroseptica (ECA) and
Fusarium sambucinum (FSA), of which 58 were
specific to one or common to a few but not to all
inoculations/diseases (Liu et al. 2005). Acetic
acid ethenyl ester was unique to ECA, while
1-methyl-4-(1-methylethenyl)-cyclohexene;
dimethyl; 1,4-cyclohexadiene; and methoxy-
(1,1-dimethyl-2-dihydroxy-ethyl)-amine ~ were
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unique to ECC, and 2,5-norbornadiene; 4-methyl
ene-1-(1-methylethyl)-bicyclo[3.1.0]hexane; pro-
pylene oxide; trichloroethylene; and styrene were
unique to FSA. Volatiles uniquely emitted by
non-wounded non-inoculated tubers were dichlo-
roacetonitrile,  a-phenyl-benzeneacetaldehyde
and fluoroethane, and volatile uniquely emitted
by wounded non-inoculated tubers was
1,3-cyclopentadiene. The other volatile com-
pounds included: 1,2-dimethoxy-ethene;
1-butanol; 2-methyl-1-butanol; 1-butanol,
2-methyl-, acetate; 1-butanol, 3-methyl-, acetate;
1-pentanol; 1-propanol; 3-hydroxy-2-butanone;
acetic acid, 2-methylpropyl ester; acetic acid,
methyl ester; acetone; borane-methyl sulphide
complex; 2-methyl butanoic acid; ethyl ester
butanoic acid;  2,2,3-trimethyl-cyclobutane;
dimethyl trisulphide; ethanol; ethyl acetate;
methyl ethyl disulphide; methyl ester pentanoic
acid; thiirane; DL-3,4-dimethyl-3,4-hexanediol;
2,2-dimethyl-butane; 4-methylene-L-(1-
methylethyl)-cyclohexene; azetidine; 4-methyl-
1-(1-methylethyl)-bicyclo[3.1.0]hex-2-ene;
bicyclo[4.1.0]hept-4-en-3-ol; 1-methyl-5-(1-
methylethenyl)-cyclohexene; methyl hydrazine;
dimethyl disulphide; 1,2,4-benzenetricarboxylic
acid; 1-undecene; 2-methyl-5-(1-methylethyl)-
bicyclo[3.1.0]hexan-2-ol; methyl nitrate;
2-methyl-2-propanamime; 1,3-dimethyl ben-
zene; dimethyl ether; 1,4-dichlorobenzene; o,4-
dimethyl-benzenemethanol; methylene chloride;
1,2-dimethyl benzene; 6,6-dimethyl-2-
methylene-bicyclo[3.1.1]heptane;  1-methyl-4-
(1-methylethylidene)-cyclohexene; methylpropyl
disulphide; N,N-dimethyl-1-butanamine; 2-buta-
none; 2-cyclopenten-1-one; 3-carene; 2-methyl-
4,6-octadiyn-3-one; a-myrcene; o-phellandrene;
a-pinene; 1,2-dichlorobenzene; 1,3-dichloroben-
zene; 1-methyl-3-(1-methylethyl)-benzene;
1-methyl-4-(1-methylethyl)-benzene; 2-methyl-
5-(1-methylethyl)-bicyclo[3.1.0]hex-2-ene;
1-methoxy-3-methyl butane; chloroform; dipro-
pyl disulphide; ethylbenzene; formic acid;
methyl-hydrazine oxalate (1:1);
1,3-cycloheptadien-1-lmethyl ketone; limonene,
p-xylene; and trichloromonofluoromethane.
Black spot-related pigments were partially
purified from bruised tubers of two commercial
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potato cultivars (cv. Bildtstar and cv. Lady
Rosetta) (Stevens and Davelaar 1996). Chemical
characterisation showed that these pigments con-
sisted of protein and a relatively small amount of
covalently bound constituents. They did not con-
tain eumelanin. Quinic acid was detectable in
hydrolysates of the pigments from Bildtstar but
not in those of Lady Rosetta, which indicated that
chlorogenic acid may take part in black spot for-
mation but was not essential for the discoloura-
tion. The results supported the hypothesis that
black spot pigments were products of non-
regulated reactions between nucleophilic amino
acid residues in proteins and quinones, which
were derived from endogenous substrates of
polyphenol oxidase, indicating that black spot
formation most probably occurred in disinte-
grated cells. Quantification of polyphenol oxi-
dase (PPO), soluble protein and endogenous PPO
substrates demonstrated that the content of free
tyrosine was the predominant determinant for the
biochemical potential for black spot synthesis
(Stevens and Davelaar 1997).

Phytochemicals in Boiled/Cooked/
Processed Potatoes

Volatile compounds in identified boiled potatoes
of various cultivars included: methanol, ethanol,
acetaldehyde,  propanal, = 2-methylbutanal,
2-methylpropanal, 2-methylbutanal,
3-methylbutanal, acetone, 2,3-butanedione,
hydrogen sulphide, dimethyl disulphide, methyl
mercaptan, ethyl mercaptan, methanethiol,
diacetyl and ethanethiol (Self and Swain 1963).
Volatile compounds produced by boiling
potatoes were identified as hydrogen sulphide,
acetaldehyde, methanethiol, acrolein, acetone,
ethanethiol, dimethyl sulphide, isobutyralde-
hyde,  n-butyraldehyde, isovaleraldehyde,
butanal, 3-methylbutanal, 3-methyl-2-butanone
and methyl isopropyl ketone, along with some
unidentified components (Self et al. 1963).
Thirty-five components were identified in potato
essences and 20 in a potato granule essence
(Nursten and Sheen 1974). 2-Methoxy-3-
ethylpyrazine was present in potato volatiles and
in potato sprout Butanal and
3-methylbutanal was found only in cooked or

€ssence.
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processed (granulated) but not raw potatoes.
Volatile compounds identified in the headspace
of boiled Russet Burbank potatoes included:
2-hexenal; heptanal; c4-heptenal; octanal; octe-
nal, nonanal; 2-nonenal; decanal; 2,4-decadi-
enal; 2.,4-hetadienal; 2.,4-nonadienal;
2,6-nonadienal; benzaldehyde; furfural; penta-
nol; hexanol; 2-octen-1-ol; 1-octen-3-ol;
1-octen-3-one; 2-undecanone; 3,5-octadien-
2-one; 1,5-octadien-3-one; hexanoic acid; ethyl
benzaldehyde; ethyl heptanoate; 2-methoxy-
3-isopropylpyrazine; 2-methyl-3-isopropylpyr-
azine; 2-pentylfuran and pentyl oxirane
(Josephson and Lindsay 1987). Dilute aqueous
solutions of c4-heptenal exhibited boiled potato-
like aromas, and at relatively high concentra-
tions (greater than 0.7 ppb), the added
c4-heptenal contributed to distinct staling-type
flavour defects to both fresh and mashed pota-
toes. When added at levels between 0.1 and
0.4 ppb, c4-heptenal enhanced overall earthy,
potato-like flavours in freshly boiled mashed
potatoes, but these levels caused stale flavours in
reconstituted dehydrated potatoes. Pentenal,
3-isopropyl-2-methoxypyrazine, hexanal,
2-heptanone, benzaldehyde, nonanal, naphtha-
lene, decanal, copaene and pentadecane were
identified in headspace concentrates of freshly
boiled, earthy, musty-flavoured Russet Burbank
potato tubers (Mazza and Pietrzak 1990).

The following compounds were identified in
the steamed volatile oil of potatoes: 1-octen-3-ol;

trans-2-octenal; trans-2-octenol; geraniol;
2-pentylfuran; phenylacetaldehyde; trans-2-
nonenal; furfural; hexanal; acetaldehyde; isobu-
tyraldehyde; heptanal; 2-heptenal; nonenal;

2,4-decadienal; benzaldehyde; methional; furfu-
ral; 2-methylbutanol; 3-methylbutanol; pentanol;
2-octen-1-ol; nerol, linalool and benzyl alcohol;
terpineol; octenol; heptanone, 2-heptanone;
1-octen-3-one; 2-nonen-4-one; 2-decanone;
methyl-2-hydroxybenzoate; methyl salicylate;
biphenyl; naphthalene; 1-methylnaphthalene;
pyridine; benzothiazole; and 3,5-dimethyl-1,2,4-
trithiolane (Buttery et al. 1970). The difference
thresholds of the six compounds in the reconsti-
tuted dehydrated mashed potato products varied
from 0.05-3.1 ppm (Guadagni et al. 1971). Only



50

2-methoxy-3-ethylpyrazine (0.1-0.2 ppm) was
effective in increasing the flavour level of all four
brands of dehydrated potatoes; it also proved to
be effective in increasing the potato flavour level
of potato salad, dehydrated scalloped potatoes
and potato soup. Potato salad stored at 3 °C for
1 week required at least 0.2 ppm of this com-
pound to maintain its initial flavour difference
from the control sample. Phenylacetaldehyde,
oct-1-en-3-ol, methional and 2-methoxy-3-
isopropylpyrazine were ineffective in increasing
the flavour of reconstituted mashed potatoes.
Volatile compounds that contribute to the flavour
of steam-cooked mashed potatoes and reconsti-
tuted dehydrated potato granules were character-
ised and identified as pentenal; hexanal;
2-heptenal; octanal; 2,4-octadienal; octanol; fur-

furyl alcohol; cis-farnesol;  mentadienol;
2,3-butadione; 2-butanone; 1-penten-3-one;
2-nonen-4-one; 3,5-octanedione; 2-methyl-3-

octanone;1,2-cyclohexandione; farnesyl acetone;
geranylacetone; pentadecane; 2-pyridine metha-
nol; 2-ethylfuran; 5-methylfural; dimethyl trisul-
phide; and dimethyl tetradisulphide (Salinas
etal. 1994). The following volatiles were detected
in raw and boiled potatoes: pentanal; hexanal;
heptanal; 2-heptenal; 4-heptenal; 2-octenal;
2-nonenal; 2, 4-decadienal; 2,4-heptadienal;
2,4-nonadienal; 2,6-nonadienal; phenylacetalde-
hyde; 2-methylbutanol; ethanol, pentanol; benzyl
alcohol; 1-penten-3-one; 1-methyl-2-pyrrolidone;
acetic acid; propanoic acid; hexanoic acid; (E)-9-
octadecene; 2-isobutyl-3-methoxypyrazine;
3-isobutyl-2-methoxypyrazine; 2-ethylfuran; and
2-pentylfuran (Petersen et al. 1998).

Mutti and Grosch (1999) found 45 odorants of
boiled potatoes, of which 42 were identified.
trans-4,5-Epoxy-(E)-2-decenal; methional;
2-acetyl-1-pyrroline; dimethyltrisulphide;
2,3-diethyl-5-methylpyrazine; vanillin; sotolon;
decanal; (E,E)-2,4-nonadienal; (E,E)-2,4-
decadienal, (E)-pB-damascenone, furaneol, meth-
anethiol, 3-isopropyl-2-methoxypyrazine and
dimethyl sulphide were reported with a higher
flavour dilution factor. Ulrich et al. (2000)
reported the following basic odorants (compo-
nent and sensory attribute) of boiled potato
aroma: diacetyl (buttery, sweet, caramel); hexanal
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(green); (E)-2-pentenal (roasty, rubber, unpleas-
ant); 2-methylbutanol (unpleasant, sweat);
2-pentylfuran (unpleasant, green beans, cooked);
methylpyrazine (nutty, strong); octan-2-one
(mushroom, earthy); 2,6-dimethylpyrazine
(nutty, warm); 2-methyl-5-isopropylpyrazine or
2-ethyl-6-methylpyrazine (nutty, warm, chemi-
cal); 3-ethyl-2,5-dimethylpyrazine (nutty, earthy,
herbaceous); 2-ethyl-3,5-dimethylpyrazine
(roasty, coffee-like); methional (cooked potato);
pyrrole (nutty, roasty), l-octanol; (E,E)-3,5-
octadienone (nutty); (E,E)-2,6-nonadienal (fatty,
cucumber);  phenylacetaldehyde  (flowery);
2,4-decadienal (fatty, unpleasant); unknown
(unpleasant); and unknown (baked). Additional
to these positive aroma compounds, an unknown
substance, (E)-2-pentenal, 2-pentylfuran and at
least four different dienals ((E, E)-2,4-heptadienal,
(E,E)-2,4-octadienal, (E,Z)-2,6-nonadienal,
(E,E)-2,4-decadienal) were found to be off-
flavour components. Eight compounds (pentanal,
hexanal, nonanal, (E)-2-octenal, 2,4-heptadienal,
(E)-2-nonena, (E,E)-2,4-nonedienal and
2,4-decadienal) were deemed as potential con-
tributors to boiled potato off-flavour, since these
compounds could be detected during GC sniffing
and increased in concentration during storage
(Peterson et al. 1999). Off-flavours in boiled
potatoes were found to be strongly correlated
with the presence of 2-pentenal, 2-hexenal,
2-heptenal, 2-pentylfuran and 2-decenal (Blanda
et al. 2010). In all, about 50 compounds were
detected.

Mider et al. (2009) found that processing
potatoes to potato flakes markedly diminished
the content of free phenolic compounds, total
phenolics and glycoalkaloids, mainly due to peel-
ing and leaching. The influence of thermal expo-
sure was less significant. About 43 % of the initial
phenolic acids (caffeic acid, gallic acid, ferulic
acid, p-coumaric acid, p-hydroxybenzoic acid,
protocatechuic acid, vanillic acid, catechin and
three isomers of caffeoylquinic acid: chlorogenic,
neochlorogenic and cryptochlorogenic acid) and
10 % of the glycoalkaloids (a-solanine and
a-chaconine) remained after processing. Steam
peeling had a higher influence on glycoalkaloid
losses compared to that on phenolics. The highest
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amounts of phenolic compounds and glycoalka-
loids were found in peeling by-product. During
processing, the amount of chlorogenic acid
decreased, whereas the concentration of neochlo-
rogenic acid increased due to isomerisation.

Phytochemicals in Dehydrated

Potatoes

2-Methylpropanal produced a characteristic wet
fur flavour note, while 2- and 3-methylbutanal
modified this flavour and contributed burnt fla-
vour notes in explosion-puffed dehydrated pota-
toes (Sapers 1970). N-hexenal was also present.
Acetone, which was also present in the headspace
vapour of explosion-puffed dehydrated potatoes,
was found as a major headspace component of
fresh boiled potatoes. This compound and smaller
amounts of 2- and 3-methylbutanal were pro-
duced in overcooked fresh potatoes which lacked
the puffing off-flavour. Heights of peaks corre-
sponding to 2-methylpropanal plus acetone,
2-methylbutanal plus 3-methylbutanal, hexanal
and ethyl butyrate of explosion-puffed dehy-
drated potatoes were determined (Sapers et al.
1970). The intensity of the off-flavour was found
to be associated with the heights of the
2-methylpropanal plus acetone and
2-methylbutanal plus 3-methylbutanal peaks.
Peak heights of ten potato volatile components
were associated with the intensity of a toasted
off-flavour produced by the explosion puffing
process (Sapers et al. 1971). Four of these and
two additional minor components were found to
have pyrazine-like aromas; two components had
aromas characteristic of the thermal degradation
of dry proline-glucose mixtures and two compo-
nents had burnt aromas. 2-Methylpyrazine, 2,
5-dimethylpyrazine, furfural, 5-methylfurfural,
benzaldehyde and phenylacetaldehyde were
identified, and an ethylmethylpyrazine, ethyldi-
methylpyrazine and trimethylpyrazine were ten-
tatively identified. The results suggested that the
toasted off-flavour was due to the presence of
alkylpyrazines, compounds derived from proline,
products of sugar pyrolysis and products of
Strecker degradation reactions. Flavour volatiles
associated with storage changes of potato flakes
were benzaldehyde, hexanal, heptanal, 2-hexenal
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and 2-pentylfuran (Sapers et al. 1972).
Comparisons of dehydrated potato flakes drum
dried at different rates and to different moisture
contents indicated that overdrying reduced flake
stability due to thermal damage during dehydra-
tion and to the low water activity of the overdried
product (Sapers et al. 1974).

During the production of dehydrated cooked
potato, the concentration of glycoalkaloids
(a-chaconine and a-solanine) (TGA) and nitrates
in processed potatoes decreased (Rytel 2012).
TGA decreased most after peeling (30 %),
blanching (28 %) and pre-drying (25 %). Nitrate
content decreased significantly after blanching
(21 %) and after pre-drying (18 %). During peel-
ing of raw potatoes, the losses were about 20 %
of the total content of both glycoalkaloids
a-solanine and a-chaconine (factor=0.80) (Ostry
et al. 2010). Cooking of raw peeled potatoes until
edible stage in salted water resulted in 20 % loss
(factor=0.80). Combining both factors (for peel-
ing and cooking) led to a combined loss of 36 %
(factor=0.64) of total glycoalkaloids.

Phytochemicals in Baked Potatoes
Forty-two volatile compounds, mostly pyrazines
and aliphatic aldehydes, were characterised in whole
baked potatoes (Buttery et al. 1973). They stated the
components most important to baked potato aroma
included 2-ethyl-3,6-dimethylpyrazine, 3-meth-
ylmercaptopropanal (methional), deca-trans,trans-
2 4-dienalandpossibly2-ethyl-3,5-dimethylpyrazine.
Comparison of the volatile oils obtained from the
baked potato skins and the potato pulp showed a
considerably greater ratio of pyrazines to aldehydes
in the skins indicating that the pyrazines were prob-
ably formed largely in the skins.

Pareless and Chang (1974) found that a com-
bination of 2-isobutyl-3-methylpyrazine;
2,3-diethyl-5-methylpyrazine and 3,5-diethyl-2-
methylpyrazine had an odour closer in character
closer to baked potato than any other single com-
pound. Eight other pyrazines were identified:
2-ethyl-3,5,6-trimethypyrazine; isoamyl-
methylpyrazine; trimethylisobutylpyrazine; a
diethylmethylpyrazine, two alkylpyrazines (Mw
164), a tetra-substituted alkylpyrazine (mw 178)
and olefinic pyrazines (mw 148 and 178).
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The following pyrazines, 2,3,5-
trimethylpyrazine; 2,3,6-trimethyl-5-hydroxy-
cyclopentapyrazine; 2,3-diethyl-5-methyl-
pyrazine; 2,3-diethylpyrazine; 2,3-dimethyl-
5-butylpyrazine;2,3-dimethylpyrazine;2,5-dimethyl-3-
butylpyrazine;2,5-dimethylpyrazine;2,6-dimethyl-3-
butylpyrazine; 2,6-dimethylpyrazine; 2-butyl-
3-methylpyrazine; 2-butyl-6-methylpyrazine;
2-ethyl-3,5,6-trimethylpyrazine; 2-ethyl-3,5-di-
methylpyrazine; 2-ethyl-3,6-dimethylpyrazine;
2-ethyl-3-methylpyrazine; 2-ethyl-5-methylpyr-
azine;  2-ethyl-6-methylpyrazine;  2-ethyl-6-
propylpyrazine; 2-ethyl-6-vinylpyrazine; 2-isobut
yl-2,5-dimethylpyrazine; 2-isobutyl-3-
methylpyrazine; 2-isopropyl-3-methoxypyrazine;
2-methyl-6,7-dihydro-5H-cyclopentapyrazine;
3,5-diethy-2-methylpyrazine; 3,5-dimethyl-6,7-
dihydro-5H-cyclopentapyrazine; 3-butyl-2,5-di-
methylpyrazine;  3-ethyl-2,5-dimethylpyrazine;
3-isoamyl-2,5-dimethylpyrazine; 3-isobutyl-2,5-
dimethylpyrazine; 5,7-dimethyl-1,2,3.4,7,8-hexa-
hydroquinoxaline; 5-butyl-2,3-dimethylpyrazine;
5-methyl-6,7-dihydro-5H-cyclopentapyrazine;
ethylpyrazine; and methylpyrazine, and three thi-
azoles, 2,5-dimethy-4-ethylthiazole; 2,5-dimethy-
4-butylthiazoleand2,5-dimethy-4-methylthiazole,
were identified in the volatile flavour of baked
potatoes (Coleman and Ho 1980). Fourteen halo-
gen compounds were identified in volatile flavour
constituents of baked potatoes:1,1,1,-trichloroeth-
ane; tetrachloroethylene; trichloroacetic acid,;
2-chloropropane; chloroform; 1-chloroheptane;
1,1-dichloroheptane;  1-chloro-2-methylbutane;
o-chloroaniline; 2-chlorobiphenyl; 2-bromo-5-
ethylnonane; p-chloroaniline; 1-iodooctadecane;
and 1-chlorohexadecane (Ho and Coleman 1981).

A total of 228 compounds were identified in the
volatiles of baked Idaho russet Burbank potatoes
comprising aldehydes, alcohols, ketones, acids,
hydrocarbons, esters, lactones, ethers, furans,
halogenated compounds, pyrazines, oxazoles, thi-
azole, thiophenes and miscellaneous heterocycles
(Coleman et al. 1981). The compound included
aldehydes:  (2-methylproponal;  2-methyl-2-
propanal; 3-methyl-1-butenal; 2-methyl-2-bute-
nal; 3-methyl-2-butenal; pentanal; 2-pentenal;
4-methyl-2-phenyl-2-pentenenal; hexanal; 2-eth-
ylhexanal; 5-methyl-2-phenylhexanal; 3-hexenal;
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heptanal; nonanal; undecanal; trans,trans-
2,4-decadienal; octadecanal; benzaldehyde; phen-
ylacetaldehyde; ethylbenzaldehyde;
2,5-dimethylbenzaldehyde; methoxycinnamalde-
hyde; salicylaldehyde), alcohols: (methanol, etha-
nol; 2-butanol; 2-pentanol; 2-methyl-2-pentanol;
3-methyl-1-pentanol; 4-methyl-1-pentanol;
2,4-dimethyl-3-pentanol;  4-methyl-4-pentenol;
2-methyl-3-penten-2-ol; 2-methyl-1-penten-3-ol;
heptanol; 3,6-dimethyl-3-octanol; 2-isobutylocta-
nol; 1-octen-3-ol; benzyl alcohol; dodecanol;
hexadecanol; cyclohexanol; 2-ettradecycloxyetha-
nol; hexahydrofarnesol; trimethylbenzyl alcohol;
3-methoxy-4-isopropylbenzyl alcohol; and naph-
thol), ketones: (acetone;l-phenyl-1,2-propanedi-
one; 4-methyl-2-pentanone; 5-methoxy-2-
pentanone; cyclopentanone; 2,5-dimethyl-1-cy-
clopentanone;4-methyl-3-penten-2-one;2,6-dimethyl-
3-penten-2-one; hexanone; 2-acetyl-3,3-
dimethylcyclohexanone; heptanone; 2-heptanone;
4-heptanone; 2-methyl-4-heptanone; 2-methyl-2-
hepten-6-one; 3-octen-2-one; 4-decanone; and
methyl acetophenone), acids: (acetic acid; propa-
noic acid; butanoic acid; pentanoic acid; hexanoic
acid; heptanoic acid; 2-methylhexanoic acid;
2-methylpentanoic acid; 2-methylpropanoic acid;
3-methylbutanoic acid; 3-methylpentanoic acid;
4-methylpentanoic acid; 2-ketoadipic acid), esters:
(1-methylpropyl acetate; 2-methylbutyl acetate;
2-methylbutyl pentanoate; ally hexanoate; butyl
acetate; diethyl phthalate; di-isobutyl phthalate;
di-isobutyl isophthalate; ethyl acetate; hept-
1-enyl-2-acetate; methyl-2-methylpropanoate;
methyl hexanoate; methyl nonanoate; methyl
octanoate; methyl pentanoate; pentyl acetate;
phthalic anhydride), lactones: (4-pyridoxic lac-
tone), hydrocarbons: (2-methyltetradecane; 2,6,10
,14-tetramethylpentadecane;  5,7-dimethylhexa-
decane; 7,9-dimethylhexadecane; 2,6,11,15-tetra

methylhexadecane; 2,4-dimethylheptane;
9-octylheptadecane; cyclodecane; 2,6,9-
trimethylundecane; 2,6,10-trimethylundecane;

4,6-di-n-propyldodecane;1-cyclopentyl-4-
octyldodecane;  3,5,5-trimethyl-1-hexene;  2-
ethyl-3-octene; 4-ethyl-3-octene; 1-octadiene;
1,4-dimethyl-4-vinycyclohexene;
diphenylmethane;1-methylindan; 4,5,7-trimethyl-
indan; limonene; a-pinene; 3-carene; benzene;
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methyl-benzene (toluene); 1,2-dimethylbenzene;
1,3-dimethylbenzene; 1,4-dimethylbenzene; iso-
propylbenzene; trimethylbenzene; 3-ethylstyrene;
tert-butylbenzene; sec-butylbenzene; 1,2,3,4-
tetramethylbenzene;hexamethylbenzene; 1-methyl-
4-ethylbenzene; nonylbenzene; biphenyl; diphe-
nylmethane; 1,2-dimethynaphthalene; 1,3-
dimethynaphthalene;2,7-dimethynaphthalene;1,3,8-
trimethynaphthalene; 1,4,5-trimethynaphthalene;
1,4,6-trimethyl-1,2,3,4-tetrahydronaphthalene;
2-isopropylnaphthalene; 3-methyleicosane; meth-
ylcyclopentane; y-humulene; myrcene; cymene;
trans, trans-farnesene; phellandrene), halogens:
(chloroform; 1,1,1-trichloroethane; tetrachloroeth-
ylene;  1,1-dichloroheptane;  1-choloheptane;
1-chlorobiphenyl;  2-chlorophenyl;  2-chloro-
2-methybutane;1-chlorohexadecane; 2-chloropro-
pane; o-chloroaniline; p-chloroaniline; trichloro-
acetic acid; 2-bromo-5-ethylnonane; 1-ioda-
octadecane), pyrazines: (methylpyrazine; ethyl-
pyrazine; 2,3,5-trimethylpyrazine; 2.3,5-
trimethyl-5-hydroxy-cyclopentapyrazine;
2,3-diethyl-5-methylpyrazine; 2,3-diethylpyr-
azine; 2,3-dimethyl-5-butylpyrazine; 2,3-
dimethylpyrazine; 2,5-dimethyl-3-butylpyrazine;
2,6-dimethyl-3-butylpyrazine;  2,5-dimethylpyr-
azine; 2,6-dimethylpyrazine; 2-butyl-3-methyl-
pyrazine; 2-butyl-6-methylpyrazine; 2-ethyl-3,5,6-
trimethylpyrazine; 2-ethyl-3,5-dimethylpyrazine;
2-ethyl-3,6-dimethylpyrazine; 2-ethyl-3-methyl-
pyrazine; 2-ethyl-5-methylpyrazine; 2-ethyl-6-
methylpyrazine;2-ethyl-6-propylpyrazine;2-ethyl-
3,5,6-trimethylpyrazine;2-ethyl-6-propylpyrazine;
2-ethyl-6-vinylpyrazine; 2-isobutyl-3-
methylpyrazine;  3,5-diethyl-2-methylpyrazine;
2-methyl-6,7-dihydro-5H-yclopentapyrazine;
3,5-dimethyl-6,7-dihydro-5H-yclopentapyrazine;
5-methyl-6,7-  dihydro-5H-cyclopentapyrazine;
5-butyl-2,3-dimethylpyrazine; 3-butyl-2,5-
dimethylpyrazine; 3-ethyl-2,5-dimethylpyrazine;
2,3,6-trimethyl-5-hydroxy-cyclopentapyrazine;
5,7-dimethyl-1,2,3,4,7,8-hexahydroquinoxaline),
pyridines: (2-aminopyridine; 2-acetylpyridine),
pyrroles:  (2-acetylpyrrole;2-acetyl-1-pyrroline;
N-methyl-2-formylpyrrole), furans: (2-furaldehyde;
2-pentylfuran; 2-acetylfuran; 2-propionylfuran;
2-methylfurfural; furfural; trans-2-(2-pentenyl)
furan; methyl furoate; 2,5-dimethyltetrahdyrofu-
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ran; 2-methyltetrahdyrofuran-3-one; 2-methyl-3-
(2H)-furanone), ethers: (methyl ether; ethyl
isopropyl ether; ethyl pentyl ether; ethyl nonyl
ether; diethylene glycol diethyl ether; 1-ethoxy-
1-propoxyethane; 1,1-diethoxyisopentane), thia-
zoles: (2,5-dimethyl-4-ethylthiazole;2,5-dimethyl-
4-butylthiazole; 2,5-diethyl-4-methylthiazole),

thiophenes: (thiopene;  2-formylthiophene;
2-butyl-6-ethylthiophene), oxazoles: (2,4,5-tri-
methyloxazole;  5-acetyl-2,4-dimethyloxazole),

sulphur compounds: (2-ethylhexyl mercaptan),
nitrogen-containing compounds: (2-isopropyl-
benzimidazole; diethylformamide; diethylacet-
amide; diphenylamine; cyanobenzene; 2-amino-
4-nitrotoluene; 2-aminopentane) and miscella-
neous heterocycles: (2-propyl-1,3-dioxolane; 2.4,
6-trimethyl-1,3,5-trioxane). The following com-
pounds were deemed most important to baked
potato aroma: 2-ethyl-3-6-dimethylpyrazine;
methional, trans,trans-2,4-decadienal; and possi-
bly 2-ethyl-3-5-dimethylpyrazine (Coleman et al.
1981).

The following flavour components were iden-
tified in the volatiles of baked potatoes of four
cultivars: 2-methyl-2-butenal; pentanal; pente-
nal; 2-pentenal; hexanal; 2-hexenal; heptanal;
2-heptenal;  octanal;  2-octenal;  nonanal;
2-nonenal;  2.4-heptadienal; 2,4-nonadienal;
benzaldehyde; phenylacetaldehyde; methional;
furfural; 2-methylbutanol; 3-methylbutanol; hex-
anol; 2-ethyl-hexanol; 3-hexen-1-ol; 1-octen-
3-ol; linalool; 2,3-pentadione; 2-heptanone;
6-methyl-5-hepten-2-one; 4-octen-3-one;
2,3-octadione; methyl-2-methylbutanoate; meth-
ylbutanoate; 2,2,4,6,6-pentamethylheptane;
copaene; limonene; a-pinene; B-pinene; 3-carene;
benzene; toluene; ethylbenzene;
1,2-dimethylbenzene; 1,3-dimethylbenzene;
1,4-dimethylbenzene; trimethylbenzene; propyl-
benzene; 2-methylvinylbenzene; methylpropyl-

benzene; naphthalene; myrcene; cymene;
2,5-dimethylpyrazine; 2,6-dimethylpyrazine;
2-isopropyl-3-methoxypyrazine; 3-ethyl-2,5-

dimethylpyrazine; methylpyrazine; 2-ethylfuran;
2-pentylfuran; 2-methyl-3(2H)-furanone;
methyl-N-pentyl disulphide; dimethyl disul-
phide; dimethyl trisulphide; and dimethyl
tetrasulphide(Oruna-concha et al. 2001). Eighty
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flavour components were identified in eight
potato cultivars baked in microwave oven:
hexanal; 2-heptenal; nonanal; decanal; undeca-
nal; 2-undecanal; 2-dodecanal; hexadecanal;
2,4-decadienal; 2,4-heptadienal; 2,4-nonadienal;
benzaldehyde; phenylacetaldehyde; methional;

2-furfural; 5-methylfurfural; 5-methyl-2-
furfural; 5-methyl-2-thiophenecarboxaldehyde;
3-methylbutanol; 1-octen-3-ol; hexadecanol;
2-methoxyphenol; eugenol; 4-vinyl-2-

methoxyphenol; 2-methoxy-4-vinylphenol,
3-ethylcyclopentanone; 2-pentadecanone;
3,5,5-trimethyl-3-cyclohexene-1-one;
2,3-octadione; 3,5-octadien-2-one; solavetivone;
methyl hexadecanoate; methyl octadecanoate;
methyl tetradecanoate; octadecyl acetate; cyclo-
heptane; undecane; limonene; ethylbenzene; pro-
pylbenzene;2-methylnaphthalene;2,3,5-trimethyl-6-
(3-methylbutyl)pyrazine; 2,3-diethyl-5-
methylpyrazine; 2,5-dimethyl-3(2-methylpropyl)
pyrazine; 2,5-dimethyl-3-(3-methylbutyl)
pyrazine; 2,5-dimethyl-3-propenylpyrazine;
2,5-dimethylpyrazine; 2,6-dimethyl-3-(2-
methylbutyl)pyrazine; 2,6-dimethylpyrazine;
2-ethenyl-5-methylpyrazine; 2-ethenyl-6-
methylpyrazine; 2-ethyl-3,6-dimethylpyrazine;
2-ethyl-3-methylpyrazine; 2-ethyl-5-
methylpyrazine; 2-ethyl-6-methylpyrazine;
2-isopropyl-3-methoxypyrazine; 2-methyl-5-
propenylpyrazine; 3,5-diethyl-2-methylpyrazine;
3,5-diethyl-2-(2-methylpropyl)pyrazine; 3-ethyl-
2,5-dimethylpyrazine; ethylpyrazine; methylpyr-
azine; trimethylpyrazine; pyridine;
2-acety6l-pyrrole; 2-acetyl-1-pyrroline;
1-methyl-1(H)-pyrrole; 1-(2-furanylmethyl)-
1(H)-pyrrole; 2-pentylfuran; 2,5-dihydrofuran;
methylpropyl disulphide; methyl-N-pentyl disul-
phide; dimethyl disulphide; dimethyl trisulphide;
dimethyl tetrasulphide; ethyl pentyl disulphide;
benzyl methyl sulphide; benzyl methyl disul-
phide; and dipentyl disulphide (Oruna-Concha
et al. 2002a). Quantitative and qualitative differ-
ences were observed between isolates from flesh
and skins and among the four cultivars grown at
different sites. Lipid and sugar degradation and/
or the Maillard reaction were the main origins of
volatiles in flesh. The two main sources of flavour
compounds (regardless of cooking procedure)
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were lipid degradation and the Maillard reaction
and/or sugar degradation (Oruna-Concha et al.
2002b). The ratio (yield derived from lipid)/
(yield derived from Maillard reaction and/or
sugar) decreased from 8.5-9.1 (boiling) to 2.7—
3.4 (microwave baking) and to 0.4—1.1 (conven-
tional baking).

The volatile flavour components of baked pota-
toes were identified as: decanal; 3-methylbutanal;
methylpropanal; 2-methylpropanal; 2-methylbu-
tanal; 3-methylbutanal; methional; pentanal,
hexanal; heptanal; 2-heptenal; octanal; nonanal;
2-nonenal; undecanal; dodecanal; benzaldehyde;
phenylacetaldehyde; 2-furfural; [-damascenone;
2-methylbutanol;  3-methylbutanol;  hexanol;
1-octen-3-ol; linalool; butanedione; 2,3-pentadione;
butanone; 3-hexanone; 2-heptanone; 5-methyl-5-
hepten-2-one; geranyl acetone; solavetivone; ethyl
acetate; methylbutanoate; copaene;
a-aromadendrene; guaiene; limonene, o-pinene;
3-carene, benzene, toluene; ethyl benzene;
1,2-dimethylbenzene; 1,3-dimethylbenzene; 1,4-
dimethylbenzene; styrene; naphthalene; methylcy-
clopentane; myrcene; ocimene; cymene; terpin-
olene; phellandrene; 2,5-diethyl-5-pyrazine; 2,5-
dimethylpyrazine; 2-ethyl-3,6-dimethylpyrazine;
2-ethyl-3-methylpyrazine;  2-ethyl-5-methylpyr-
azine;  2-ethyl-6-methylpyrazine;  3,5-diethyl-
2-methylpyrazine;3,5-dmethyl-2-(2-methylpropyl)
pyrazine;2-ethyl-2,5-dimethylpyrazine;2-isopropyl-
3-methyoxypyrazine; 2-isobutyl-3-ethoxypyrazine;
3-isopropyl-2-methyoxypyrazine; ethylpyrazine;
methylpyrazine; pyridine; 1-methyl-1(H)-pyrrole;
2-ethylfuran;  2-pentylfuran;  2-methylfuran;
dimethyl disulphide; dimethyl trisulphide; and
dimethyl tretrasulphide (Duckman et al. 2001,
2002). Lipid degradation and the Maillard reaction
were the main sources of flavour compounds,
accounting for 22—-69 % and 2877 %, respectively,
of the total yields in baked potatoes (Duckham
et al. 2001). Various sulphur compounds,
methoxypyrazines and terpenes were also identified
at lower levels. Compounds contributing most to
baked aroma (relative aroma impact value (RAV >)
10,000 in at least one cultivar) were 2-isobutyl-3-
methoxypyrazine, 2-isopropyl-3-methoxypyrazine,
B-damascenone, dimethyl trisulphide, decanal and
3-methylbutanal. Of the compounds monitored,
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those most likely having the greatest flavour impact
in baked potatoes were 2-isopropyl-3-
methyoxypyrazine, 2-isobutyl-3-methoxypyrazine,
dimethyl trisulphide, decanal and 3-methylbutanal,
with methylpropanal, 2-methylbutanal, methional
and nonanal also being probable important con-
tributors to flavour (Duckham et al. 2002).

Phytochemicals in Potato Chips

The following compounds were identified as
contributing to potato chip flavour, namely,
alcohols (2-butanol; 3-methyl-1-butanol; 1-
pentanol; 2-furfuryl alcohol; a-terpineol), alde-
hydes (2-methylpropanal; 2-methylbutanal,;
3-methylbutanal;2-isopropyl-2-butenal;4-methyl-2-
pentenal; frans-2-hexenal; 4-methyl-2-hexenal,;
trans-2,trans-4-octadienal; trans-2-nonenal;
trans-2,trans-4-nonadienal;benzaldehyde;2-phenyl-
2-butenal;4-methyl-2-phenyl-2-pentenal;5-methyl-
2-phenylhexanal; 2-octenal, ethanal (acetalde-
hyde); 2-phenylacetaldehyde; hexanal; pentanal;
2-heptenal; 2-octenal; propenal; n-butanal;
2-pentenal; 2-hexenal; n-heptanal; 2-heptenal,
deca-2,4-dienal), ketones (2,3-butanedione;
2-propanone; 2-pentanone), furans (2-butylfuran;
2-pentylfuran; 2-hexylfuran; furfural;
5-methylfurfural; 2-methyldihydro-3(2H)-fura-
none; 2-acetylfuran; furfuryl alcohol), hydrocar-
carbons (1-decyne), Kketones (2-butanone;
2,3-butanedione; trans-3-penten-2-one;  2,3-
pentanedione; 5-methyl-2,3-hexanedione; trans-
2-nonen-4-one; 2-decanone; acetophenone), pyr-
azines (2-methylpyrazine; 2,3-dimethylpyrazine;
2,5,-dimethylpyrazine;  2,6-dimethylpyrazine;
2-ethylpyrazine; 2-ethyl-3-methylpyrazine;
2-ethyl-5-methylpyrazine; 2-ethyl-6-methylpyr-
azine;  2,3,5-trimethylpyrazine; 2-methyl-5-
vinylpyrazine; 2-ethyl, 3,6-dimethylpyrazine;
2-ethyl-3-5-dimethylpyrazine; 2,6-diethylpyrazine;
2-isobutyl-3-methylpyrazine; 2,3-diethyl-
5-methylpyrazine; 2-isobutyl-3,6-dimethylpyr-
azine; 2-methyl-6-vinylpyrazine; 2,5-dimethyl-
3-vinylpyrazine;  2,5-dimethyl-6-isopropylpyr-
azine; 2-isoamyl-5-methylpyrazine; methylethyl-
isobutylpyrazine;2-isobutenyl-3-methylpyrazine;
2-isoamyl-3,6-dimethylpyrazine; isobutenyldi-
methylpyrazine), pyridines and pyrroles (pyri-
dine; 2-acetylpyridine; 2-acetylpyrrole) and
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sulphur compounds ((methylthio)acetaldehyde
and methional (3-methylmercaptopropanal))
(Deck and Chang 1965; Mookherjee et al. 1965;
Dornseifer and Powers 1965; Buttery et al. 1971;
Buttery and Ling 1972; Guadagni et al. 1972;
Buttery 1973; Maga 1994; Koehler et al. 1971).
Deck and Chang (1965) identified 2,5-
dimethylpyrazine in potato chips imparting a
typical raw earthy potato flavour at a concentra-
tion of approximately 10 ppm. Dornseifer and
Powers (1965) reported changes in volatile car-
bonyls of potato chips during storage; they iden-
tified 2,3-butanedione, 2-propanone, ethanal,
propenal, n-butanal, 2-pentenal, 2-hexenal,
n-heptanal and 2-heptenal. Mookherjee et al.
(1965) identified 18 monocarbonyl compounds
in fresh potato chips and 19 compounds in stale
but not rancid sample. Among saturated alde-
hydes, the largest increase during storage was in
hexanal and next in pentanal; among the
2-alkanones the important increase was in
2-pentanone and next in 2-propanone, and among
the 2-enals the largest increase was in 2-heptenal
and 2-octenal. Only one 2,4-dienal, viz.
2,4-decadienal, was found in both fresh and stale
potato chips; 4-decadienal which had a character-
istic deep-fried flavour was greatly reduced dur-
ing storage. Of the 18 pyrazine and pyridine
compounds indentified, 2-ethyl-3,6-
dimethylpyrazine was found to be a major con-
tributor to the odour intensity of potato chips
(Buttery et al. 1971). Of the 46 compounds iden-
tified in non-basic steam volatile components of
potato chips, methional, 3-methylbutanal, phen-
ylacetaldehyde and 2,4-decadienal were deter-
mined to be important determinants of flavour
(Buttery and Ling 1972). Koehler et al. (1971)
found 2,ethyl-3,6-dimethylpyrazine to be a
significant contributor to potato chip aroma.
Guadagni et al. (1972) found
3-methylmercaptopropanal (methional) to be
probably one of the most important contributors
to potato chip aroma; other compounds that may
contribute in varying degrees include deca-2,4-
dienal, 2-ethyl-3,6-dimethylpyrazine, 2-acetyl-
1,4,5,6-tetrahydropyridine, 2,6-diethylpyrazine,
2-octenal and 2-phenylacetaldehyde. The follow-
ing volatile compounds were identified from
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potato chips: heptane; nonane; decane; undecane;
tetradecane;  2-methyl-1-butene;  limonene;
3-p-menthene; a-terpinene; ethylbenzene; 1,2.4-
trimethylbenzene; 1-ethyl-3,5-dimethylbenzene;
benzaldehyde; phenylacetaldehyde; 2,6-di-z-bu-
tyl-4-hydroxytoluene; ethanol; acetaldehyde;
butanal; pentanal; hexanal; heptanal; 2-heptenal;
2-octenal; hepta-2,4-dienal; deca-2,4-dienal;
cyclopentanone; pentanoic acid; hexanoic acid;
heptanoic acid; octanoic acid; decanoic acid;
2-methylpropanoic acid; 3-methylbutanoic acid;
propyl acetate; butyl acetate; diphenyl ether;
dimethyl disulphide; benzylthiobenzoate; 2-eth-
ylpyrazine; 2,5-dimethylpyrazine; 2,6-
dimethylpyrazine; 2-ethyl-5-methylpyrazine;2,5-
diethylpyrazine;2,3,5-trimethylpyrazine; 2-ethyl-
3,6-dimethylpyrazine; pyridine; 2-acetylfuran;
and furfural (Deck et al. 1973).

Unusual aldehydes, 4-methylpent-2-enal;
4-methylhex-2-enal; 2-isopropylbut-2-enal;
2-methylmercaptomethylbut-2-enal; 2-methylme
rcaptomethyl-4-methylpent-2-enal; 2-phenylbut-
2-enal;  2-phenyl-4-methylpent-2-enal;  and
2-phenyl-5-methylhex-2-enal, were identified in
potato chips, probably formed during frying by
aldol-type condensation (Buttery 1973). Other
compounds characterised included 2-methylhexa-
4,5-dione; acetophenone; hepta-trans,trans-2-4-
dienal; octa-trans-trans-2-4-dienal; nona-2,4-di-
enal;acetylbenzene;2-isopropyl-2-butenal;2-phenyl-
2-butenal; 4-methyl-2-pentenal; 4-methyl-2-hex-
enal; 5-methyl-2-hexenal; 2-phenyl-4-methyl-2--
pentenal; and  2-phenyl-5-methyl-2-hexenal
(Buttery 1973). Taste panel described odour of
potato chips as strong potato, baked potato and
earthy potato (Maga 1994).

A large number of heterocyclic compounds
were identified in baked Idaho Russet Burbank
potatoes (Ho and Coleman 1980). This included
furans (2-methylketotetrahydrofuran; methylfu-
roate; 5-methyl-2-furaldehyde; furfural;
2,5-dimethyl-tetrahydrofuran; trans-2-(2-pentyl)-
furan; 2-acetyl furan; 2-pentyl furan; 2-proprio-
nylfuran), oxazoles (2,4,5-trimethyloxazole;
5-acetyl-2,4-dimethyoxazole), thiophenes
(2-formylthiophene; 2-butyl-5-ethylthiophene)
and pyrroles (2-acetylpyrrole; N-methyl-2-
formypyrrole; 1-dioxolane; and 1-trioxane). It
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was noted that heterocyclic compounds with for-
myl or acetyl substituents had aromas with nutty
characteristics.

The following nitrogen-containing compounds
were identified in potato chips head space by com-
prehensive two-dimensional gas chromatography—
time-of-flight mass  spectrometry(GC x GC—
TOFM): pyrazine; pyrrole; pyridine; 1-ethyl-
1H-pyrrole; 2-methylpyridine; 2-methylpyrazine;
2-methyl-1H-pyrrole; 3-methyl-1H-pyrrole;
3-methylpyridine; 2,6-dimethyl pyridine;
2-ethylpyridine;  2,5-dimethylpyrazine;  2,6-
dimethylpyrazine; ethyl pyrazine; 2-ethyl-1H-
pyrrole;2,3-dimethylpyrazine;ethenylpyrazine; 1 -butyl-
1H-pyrrole; 2-pyridinecarboxaldehyde; 3-ethyl-
pyridine; 2-ethyl-6-methylpyrazine; 2-ethyl-5-
methylpyrazine;2,3,5-trimethylpyrazine;2-ethyl-3-
methylpyrazine;2-(n-propyl)-pyrazine; | H-pyrrole-2-
carboxaldehyde; 2-carboxaldehyde; 1-methyl-
1H-pyrrole;2-ethenyl-6-methylpyrazine;2-ethenyl-
5-methylpyrazine; N-acetyl-4(H)-pyridine; acetyl-
pyridine;acetylpyrazine; 1-pentyl-IH-pyrrole; 1-methyl-2-
pyrrolidinone; 2-acetylpyrrole; 2-ethyl-3,5-di-
methylpyrazine;  2-ethyl-3,6-dimethylpyrazine;
2-pyrrolidinone; 3-acetyl-3-methylpyrazine; tetra-
methylpyrazine; 2-methyl-5-(1-propenyl)-(E)-
pyrazine; 1-pyrrolidinecarboxaldehyde; 2-acetyl-
3-methylpyrazine;  (1-methylethenyl)-pyrazine;
2-acetyl-3-methylpyrazine; 2-isobutyl-3-

methylpyrazine; 1-(2-pyridynl)-1-propane; 2,3-
diethyl-5-methylpyrazine; 3,5-diethyl-2-
methylpyrazine; 5-methyl-5H-cyclopenta[b]pyr-

azine; 3,5-diethyl-2-methylpyrazine; 2-butyl-3-
methylpyrazine; 3,5-dimethyl-2-isobutylpyrazine;
2-pyridinecarboxaldehyde;2-methyl-5-(1-propenyl)-
pyrazine; 1-acetyl-1,2,3 .4-tetrahydropyridine;5,6,7,8-
tetrahydroquinoxaline; and 2-butyl-3-
methylpyrazine (Lojzova et al. 2009).

Chemical composition (g/100 g chips) of fresh
potato chips fried in mid-oleic sunflower oil was
found to contain: moisture 1.96 g, fat 39.19 g,
fatty acid (g/100 g oil from chips), myristic acid
(C14:0) 0.35 g, palmitic acid (C16:0) 4.62 g, pal-
mitoleic acid (C16:1n7) 0.08, stearic acid (C18:0)
4.47 g, oleic acid (C18:1n9) 57.73 g, linoleic acid
(C18:2n6¢c) 31.02 g, a-linolenic acid (C18:3n3)
0.31 g, arachidic acid (C20:0) 0.29 g, cis-11-
eicosenoic acid (C20:1n9) 0.23 g and behenic
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acid (C22:0) 091 g (Lee and Pangloli 2013).
Twenty-one flavour volatiles were isolated from
potato chips fried in mid-oleic sunflower oil, but
only 16 compounds were positively identified:

hexanal; frans-2-pentenal; heptanal; trans-
2-hexanal; octanal; trans-2-octenal; trans-2-
heptenal; nonanal; 2-furaldehyde; decanal;

benzaldehyde; trans-2-nonenal; trans-2-decenal;
tetradecanal; hexadecanal; and trans,trans-2,4-
decadienal (Lee and Pangoli 2013).

Phytochemicals in Crisped/French Fried
Potatoes

Twenty-four alkyloxazole compounds were iden-
tified in the volatiles from French fried potatoes:
trimethyl oxazole; 2 ethyl-4,5-dimethyl oxazole;
5-ethyl-2,4-dimethyloxazole; 2-ethyl-4-methyl-
5-propyloxazole; 2,4,-dimethyl-5-propyoxazole;
4-ethyl-2-methyloxazole; 4,5-dimethyl-2-
isopropyloxazole; 4-n-butyl-2,5-imethyloxazole;
2-methyl-4-butyloxazole; 2-hexyl-4,5-dimethyl-
oxazole; 2-butyl-4,5-dimethyloxazole; 2-butyl-4-
propyl-5-methyloxazole; 2-pentyl-4-methyl-5-
ethyloxazole; 2-hexyl-4-methyl-5-ethyloxazole;
2-methyl-4-ethyl-5-propyloxazole; 2-pentyl-
4,5-dimethyloxazole; 2-butyl-4,5-diethyloxa-
zole; 2,4-dimethyl-5-butyloxazole; 2-methyl-4-
pentyloxazole; 2-pentyl-4-methyloxazole;
2,4,5-trimethyloxazole; 2-isopropyl-4,5-
dimethyloxazole; 5-acetyl-2,4-dimethyloxazole;
and 2-methyl-4-pentyloxazole (Carlin et al.
1986). Two new S-containing compounds were
isolated and identified from French fried potatoes
as 3-(methylthio)butanal and 3-(methylthio)hep-
tanal (Carlin et al. 1990).

Among the 48 odour compounds indentified
in French fries, potent odorant found from
Maillard reaction products included methional;
furaneol; sotolone; 2-ethyl-3,5-dimethylpyr-
azine; 2,3-diethyl-5-methylpyrazine; 3-ethyl-2,5-
dimenthylpyrazine; dimethyltrisulphide; and
3-methylbutanal and from lipid oxidation prod-
ucts were (E, E)-2,4-decadienal; trans-4,5-epoxy-
(E)-2-decenal; (£)-2-nonenal; (E)-2-nonenal; and
(E,Z)-2,4-decadienal (Wagner and Grosch 1997).
Methional;  2-ethyl-3,  5-dimethylpyrazine;
2,3-diethyl-5-methylpyrazine; (E,E)-2,4-
decadienal; 4-hydroxy-2,5-dimethyl-3(2H)-fura-
none; methanethiol; dimethyltrisulphide;
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3-methylbutanal; and 2,3-butanedione (IX)
showed high factors of dilution. The concentra-
tion of the most potent odorants found in French
fries and their attributes were 2,3-diethyl-5-
methylpyrazine 400 pg/kg with an earthy attri-
bute; (E,E)-2-4-decadienal 900 pg/kg with
deep-fried, fatty note; methional 1 pg/kg boiled
potato attribute; furaneol 125 pg/kg sweet cara-
mel; and 3-methylbutanal 30 pg/kg with a malty
attribute. The deep-fried note (caused by (E,E)-
2,4-decadienal) predominated when the French
fries were nasally evaluated, whereas the deep-
fried and boiled potato-like smells (caused by
methional) were mainly perceived in the retrona-
sal test. Twenty-one compounds were identified
as potent odorants of French fries prepared in
palm oil (PO): 2-ethyl-3,5-dimethylpyrazine;
3-ethyl-2,5-dimethylpyrazine; 2,3-diethyl-5-
methylpyrazine; 2-ethenyl-3-ethyl-5--
methylpyrazine; 3-isobutyl-2-methoxypyrazine;
1-octen-3-one; (Z)-2-nonenal; (E)-2-nonenal;
(E,E)-2,4-nonadienal; (E,Z)-2,4-decadienal,
(E,E)-2,4-decadienal, trans-4,5-epoxy-(E)-2-
decenal;  4-hydroxy-2,5-dimethyl-3(2H)-fura-
none; 3-hydroxy-4,5-dimethyl-2(5H)-furanone;
methylpropanal; 2-methylbutanal;
3-methylbutanal; 2,3-butanedione; methional;
methanethiol; dimethyltrisulphide; 2-ethyl-3,5-
dimethylpyrazine; 3-ethyl-2,5-dimethylpyrazine;
2,3-diethyl-5-methylpyrazine; 2-ethenyl-3-ethyl-
5-methylpyrazine; 3-isobutyl-2-methoxypyr-
azine; 1-ccten-3-one; (Z2)-2-nonenal;
(E)-2-nonenal; (E,E)-2,4-nonadienal; (E,Z)-2,4-
decadienal; (E,E)-2.,4-decadienal; trans-4,5-ep-
oxy-(E)-2-decenal, 4-hydroxy-2,5-dimethyl-
3(2H)-furanone; 3-hydroxy-4,5-dimethyl-2(5H)-
furanone; methylpropanal; 2-methylbutanal;
3-methylbutanal; 2,3-butanedione; methional;
methanethiol; and dimethyltrisulphide (Wagner
and Grosch 1998). In addition to these 21 com-
pounds, y-octalactone, y-nonalactone,
y-decalactone and d-decalactone were found in
French fries prepared in coconut fat. y-Octalactone
was identified as a major contributor to this note.

Relative amounts (in gas chromatographic
(GC) peak area units) of selected flavour com-
pounds formed in potato slices fried in palmolein
or silicone fluid were reported, respectively, as:
methyl propanal (649.8, 548.9), 3-methylbutanal
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(941.6,948.5), 2-methylbutanal (1227.2, 1156.2),
phenylacetaldehyde (50.7, 57.3), methional (3.6,
2.9), dimethyl disulphide (196.5, 167.8), dimethyl
trisulphide (13, 20.5), pyrazine (1.1, 0.6), meth-
ylpyrazine (53.7, 19.1), 2,5(6)-dimethylpyrazine
(74.8,  28), ethylpyrazine (229, 10.4),
2,3-dimethylpyrazine (9.0, 4.0), vinylpyrazine
(3.8, 2.1), 2-ethyl-6-methylpyrazine (16.9, 6.2),
2-ethyl-5(3)-methylpyrazine (54.8, 24.2),
6-vinyl-6-methylpyrazine (9.2, 5.5), 3-ethyl-2,5-
dimethylpyrazine (32.4, 15.5), hexanal (40.1,
62.2), (E,Z)-2,4-decadienal (40.2, 0.4) and (E,E)-
2,4-decadienal (10.52, 0.0) (Martin and Ames
2001). Levels of Strecker aldehydes and sul-
phides in chips fried in the two media were not
significantly different, but levels of pyrazines
were significantly higher in palmolein-fried
chips. Amounts of 2,4-decadienal were also sig-
nificantly higher in palmolein-fried chips, but
there was no significant difference in hexanal lev-
els between the samples.

A total of 31 compounds including hexanal
were identified in oxidised potato crisps that
resulted mainly from the degradation/rearrange-
ment of lipids and carbohydrates (Sanches-Silva
et al. 2005). Tajner-Czopek et al. (2014) found
that blue-fleshed potatoes, Vitelotte variety and
red-fleshed Highland Burgundy Red variety
could be used for French fries processing due to
their low content of TGA (total glycoalkaloids
a-solanine and a-chaconine) in unpeeled and
peeled potatoes. However, blue-fleshed Blue
Congo variety should not be used for French fries
processing because of high TGA in unpeeled and
peeled potatoes. The peeling of coloured-fleshed
potatoes decreased TGA content (a-solanine and
a-chaconine) by about 50 %, cutting process by
about 53 % and blanching by about 58 % com-
pared with the raw material. The highest decrease
in TGA content was caused by the frying
process.

Skatole, indole and p-cresol were identified as
the main volatile components in off-flavoured
French fries (Whitfield et al. 1982). It was sug-
gested that p-cresol and skatole, the main faecal
off odour compounds, might be formed in pota-
toes by a bacterial degradation of the amino acids
tyrosine and tryptophan.
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Acrylamide in Potatoes

Mottram et al. (2002) reported acrylamide to be
generated from food components during heat
treatment as a result of the Maillard reaction
between amino acids and reducing sugars. They
found that asparagine, a major amino acid in
potatoes and cereals, was a crucial participant in
the production of acrylamide by this pathway.
Acrylamide levels in the products were signifi-
cantly reduced if tubers were preconditioned
before being placed in storage at 2 °C. Acrylamide,
a chemical that formed when certain starchy
foods were cooked or processed, had been shown
to cause cancer in animals (FSANZ 2014;
USFDA 2008; Beth and Bussan 2013).
Acrylamide is typically found in plant-based
foods cooked with high heat (e.g. frying, roasting
and baking) not raw plant-based foods or foods
cooked by steaming or boiling. Some foods are
larger sources of acrylamide in the diet, including
certain potato products (especially French fries
and potato chips), coffee and cereal-based prod-
ucts (such as breakfast cereal, cookies, sweet bis-
cuits and toast bread) which are all part of a
regular diet. Beth and Bussan (2013) conducted a
comprehensive review on acrylamide in pro-
cessed potato products and health concerns cov-
ering animal and epidemiological research
studies and mitigation strategic studies conducted
to date.

Glucose and fructose concentrations in the
tubers were significantly and positively corre-
lated with subsequent acrylamide formation in
the products (Silva and Simon 2005). Glucose,
fructose, sucrose and asparagine concentrations
in tubers increased upon storage at 2 °C. Tuber
sucrose and asparagine concentrations did not
have an effect on acrylamide levels. Studies by
Ohara-Takada et al. (2005) suggested that the
content of reducing sugars in potato tubers deter-
mined the degree of acrylamide formation in
chips after frying. There was strong correlation
between the reducing sugar content and acryl-
amide level, R>=0.873 for fructose and R*=0.836
for glucose. The sucrose content had less correla-
tion with the acrylamide content. The chip colour,
as evaluated by L* (lightness), was correlated
well with the acrylamide content. Matsuura-Endo
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et al. (2006) found that at storage temperatures
<8 °C the contents of reducing sugars increased
markedly in all potato cultivars, with similar
increases in the acrylamide level and dark brown
chip colour. The contents of reducing sugars cor-
related well with the acrylamide level when the
fructose/asparagine molar ratio in the tubers was
<2. When the fructose/asparagine ratio was >2 by
low-temperature storage, the asparagine content,
rather than the reducing sugar content, was found
to be the limiting factor for acrylamide forma-
tion. High correlations were observed between
the acrylamide content in potato chips and glu-
cose and fructose contents in the tubers indicat-
ing that the limiting factor for acrylamide
formation in potato chips was reducing sugars,
not asparagine content in the tubers (Yoshida
et al. 2005).

Acrylamide is formed through the Maillard
reaction during high-temperature cooking, such
as frying, roasting or baking, and the main pre-
cursors are free asparagines as in wheat and
reducing sugars as in potatoes (Muttucumaru
et al. 2008). However, in potatoes, when sugar
levels are limiting, competition between aspara-
gine and the other amino acids for participation
in the Maillard reaction determines acrylamide
formation. Improvement in parameters such as
(1) potato variety, (2) potato storage temperature,
(3) process control (thermal input, pre-
processing), (4) final preparation and (5) colour
had all contributed to a significant overall reduc-
tion in the average acrylamide content in French
fries and potato crisps (termed ‘chips’ in the
USA) (Foot et al. 2007). The use of asparaginase
offered potentially significant reduction in cer-
tain prefabricated potato products. Halford et al.
(2012) reported that glucose and fructose showed
the best correlations with acrylamide formation
in both crisps and heated flour produced from
nine varieties of potatoes grown commercially in
the UK in 2009. However, free asparagine and
total free amino acid concentrations also corre-
lated with acrylamide formation in French fry
varieties. Acrylamide formation, measured in
heated potato flour, correlated with glucose and
fructose concentration (Muttucumaru et al.
2014b). In French fry potato varieties, containing
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higher concentrations of sugars, acrylamide for-
mation also correlated with free asparagine con-
centration,  demonstrating  the  complex
relationship between precursor concentration and
acrylamide-forming potential in potato. Storage
of the potatoes for 6 months at 9 °C had a signifi-
cant, variety-dependent impact on sugar and
amino acid concentrations and acrylamide-
forming potential. Asparagine the predominant
free amino acid in potato tubers was shown not to
play an important role in the transport of nitrogen
from leaf to tuber in potato and that the high con-
centrations of free asparagine that accumulated
in potato tubers arose from synthesis in situ
(Muttucumaru et al. 2014a). The study demon-
strated that glutamine, glutamate and serine were
the major transport amino acids from leaf to
tubers in potato with alanine, aspartate, GABA,
glycine, phenylalanine, proline, threonine and
valine also playing a role.

Ye et al. (2011) found that microwaving treat-
ment of potato chips could form more acrylamide
from methylglyoxal, the main o-dicarbonyl,
compared with frying method. Microwaving
treatment promoted the formation of methylgly-
oxal compared with frying treatment at 160 and
180 °C in potato chips. There was a significant
correlation between methylglyoxal and acryl-
amide in potato chips, thus confirming the impor-
tant role of dicarbonyls in the formation of
acrylamide in potato chips. Miao et al. (2014)
found that formation of acrylamide and
5-hydroxymethylfurfural (HMF) in reconstituted
potato chips was highly correlated with frying
temperature and time. The formation of HMF
had significant correlation acrylamide formation.
Water activity could also influence the formation
of acrylamide and HMF.

Most potato chips and whole potato-based
fried snacks sold in Japanese markets showed
acrylamide concentration higher than 1000 pg/kg
(Yoshida et al. 2005). The concentrations in non-
whole potato-based Japanese snacks, including
rice crackers and candied sweet potatoes, were
less than 350 pg/kg. Those in instant precooked
noodles were less than 100 pg/kg with only one
exception. Acrylamide concentrations in fresh
sliced potato crisps in Europe from 2002 to 2011
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based on a dataset of 40,455 samples showed a
clear, significant downward trend for mean levels
of acrylamide, from 763+91.1 ng/g (parts per
billion) in 2002 to 358+2.5 ng/g in 2011; this
was a decrease of 53 % +13.5 % (Powers et al.
2013). The effect of seasonality arising from the
influence of potato storage on acrylamide levels
was evident, with acrylamide in the first 6 months
of the year being significantly higher than in the
second 6 months. The proportion of samples con-
taining acrylamide at a level above the indicative
value of 1000 ng/g for potato crisps introduced
by the European Commission in 2011 fell from
23.8 % in 2002 to 3.2 % in 2011. The limit of
detection and limit of quantification of acryl-
amide found in 32 samples of potato chips pur-
chased on the South Italian market in 2009 were
6 pg/kg and 18 pg/kg, respectively, and recovery
values ranged from 90.7 to 96.3 % (Tateo et al.
2010). The relative standard deviation (RSD)
ranged between 2.1 % and 5.8 %. The values
ranged between 27 and 1400 pg/kg and the arith-
metic mean acrylamide content resulted 363 pg/
kg. Considering 500 pg/kg as the minimum level
possible with the actual available mitigation
tools, the number of samples showing an acryl-
amide level higher than 500 pg/kg resulted to be
22 %.

Maillard reaction had been found to produce
melanoidin pigments and a host of aroma and fla-
vour volatiles including heterocyclic compounds
such as pyrazines, pyrroles, furans, oxazoles,
thiazoles and thiophenes (Mottram et al. 2002;
Halford et al. 2012), but if free asparagine par-
ticipated in the final stages, it resulted in the pro-
duction of acrylamide, an undesirable
contaminant (Muttucumaruet al. 2014b).

Mycotoxins in Diseased Potatoes

Potato tubers artificially infected with Fusarium
sambucinum were contaminated with the myco-
toxin, diacetoxyscirpenol, in concentrations up to
200 p/tuber (Ellner 2002). The toxin could also
be found in tubers without any disease symp-
toms. Fusarium graminearum, causal pathogen
of potato dry rot, produced trichothecene myco-
toxins in diseased tissues (Delgado et al. 2010).
Xue et al. (2013) detected two type A (T-2 and
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diacetoxyscirpenol) and two type B
(3-acetyldeoxynivalenol and Fusarenon X)
trichothecenes in potato tubers inoculated with
Fusarium sulphureum. It was found that T-2,
diacetoxyscirpenol, 3-acetyldeoxynivalenol and
Fusarenon X could be predominantly detected in
diseased lesion, and the toxin could also be iden-
tified in tubers without any disease symptoms.
Four trichothecenes (Fus-X, 3ADON, DAS and
T-2) were detected in potato tubers inoculated
with Fusarium spp. (Xue et al. 2014). The tricho-
thecenes were found not only in the lesion but
also in the adjacent asymptomatic tissue.

Potato Consumption, Nutrition
and Health

In a secondary analysis of 24-h dietary recall data
from the National Health and Nutrition
Examination Survey (NHANES) 2003-2006,
Freedman and Keast (2011) found that approxi-
mately 35 % of American children and adoles-
cents consumed white potatoes (WP), oven-baked
fries (OBF) and French fries (FF) and 18 % con-
sumed FF. Intakes were lower in children com-
pared with adolescents. Among adolescents,
more boys than girls consumed FF. Both
WP +FF+OBF and FF provided 9-12 % of total
daily energy (but was within energy requirements
in the highest consumers); 8—15 % of daily fat
(>75 % monounsaturated fatty acids + polyunsat-
urated fatty acids); >10 % dietary fibre, vitamin
B6 and potassium; 5 % or greater thiamine, nia-
cin, vitamin K, phosphorus, magnesium and
copper; and less than 5 % sodium intake, for all
sex—age groups. The combination WP + FF+ OBF
provided 5 % or greater vitamin C for all sex—age
groups and 5 % or greater vitamin E and iron for
most groups; FF provided 5 % or greater vitamin
E intakes for all. They found that approximately
35 % of adults consumed potatoes; 12 % con-
sumed FF (Freedman and Keast 2012). Intakes
were lowest in adults aged 51+ years. More
males, compared to females, consumed potatoes.
In all age—sex groups, potatoes and FF provided
7-11 % of total energy (within daily energy
requirements); 3-14 % of daily fat (>75 %
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MUFA +PUFA); >15 % dietary fibre, >13 %
vitamin B6 and potassium; >5 % thiamine, nia-
cin, phosphorus, magnesium and copper; and
<5 % sodium. Potatoes provided >10 % vitamin
C for all age—sex groups and >5 % vitamin K and
iron for most groups; FF provided >5 % vitamin
E and folate intakes for all. These cross-sectional
data show that WP, including FF, provided short-
fall nutrients within energy requirements to chil-
dren and adolescents and, when consumed in
moderate amounts, can be part of healthful diets.

Gibson and Kurilich (2013) found that, in a
secondary analysis of 4-day dietary records from
the British National Diet and Nutrition Survey
2008-2011, over 92 % of respondents consumed
potatoes [oven chips, fried chips, boiled pota-
toes, mashed potatoes, roast potatoes and jacket
(baked) potatoes], 27 % consumed oven chips
and 41 % consumed fried chips. Potatoes
(including chips) contributed 7 % of total energy,
but greater proportions of potassium and vitamin
B6 (15 %), vitamin C (14 %), fibre (13 %), folate
(10 %) and magnesium (9 %). In contrast, they
contributed only 4 % of saturated fatty acids.
Among UK adults, potatoes provided in total
7 %, 10 % and 13 % of monounsaturated fatty
acid, n-6polyunsaturated fatty acid and n-3 poly-
unsaturated fatty acid in the diet, respectively,
compared with only 4 % of saturated fatty acid
and 6 % of total fatty acids. Fried chips were
more popular than oven chips, being consumed
by 41 % of the total sample and half of all teen-
agers. It was concluded that potatoes, as cur-
rently consumed in their various forms, enriched
the diet in this population in respect of at least
five micronutrients, including potassium, mag-
nesium, folate, vitamin C and vitamin B6, as
well as dietary fibre and unsaturated fatty acids,
while lowering the dietary concentration of satu-
rated fat. Potatoes can increase the nutrient den-
sity of the diet by providing a relatively high
micronutrient contribution, compared with
energy content, while delivering only modest
amounts of saturated fatty acid and sodium.
Nutritionally, potatoes and potato products
should be seen as a white vegetable, whose con-
sumption should be encouraged alongside other,
coloured, vegetable.
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Potatoes (Solanum tuberosum) are an important
food crop worldwide and contribute key nutrients
to the diet, including vitamin C, potassium and
dietary fibre (McGill et al. 2013). Potatoes and
potato components have been shown to have
favourable impacts on several measures of car-
diometabolic health in animals and humans,
including lowering blood pressure, improving
lipid profiles and decreasing markers of
inflammation.

Antioxidant Activity

Under active oxidation conditions, 20 g soy oil
treated with 0.05 g of freeze-dried potato peel
extracts attained lower peroxide values (22.0—
28.0 meq/kg) than the control oil sample
(109.0 meq/kg) indicating very strong antioxi-
dant activities (Onyeneho and Hettiarachchy
1993). The antioxidant activities of these extracts
were due to the presence of phenolic acids,
namely, chlorogenic, protocatechuic and caffeic
acids that were predominant and appeared to be
mainly responsible for the strong antioxidant
activities of the extracts. Potato peel extracts, at
various concentrations, exhibited very strong
antioxidant activity in refined soybean oil, which
was almost equal to synthetic antioxidants BHT
(butyl-hydroxytoluene) and BHA  (butyl-
hydroxyanisol) (Zia-ur-Rehman et al. 2004). The
results suggested that potato peel extract in oils,
fats and other food products could safely be used
as natural antioxidant to suppress lipid oxidation.
After 4 day storage at 63 °C, 5.00 g of sunflower
oil containing either the freeze-dried potato peel
waste extract (200 ppm) or BHA (200 ppm)
reached peroxide values (PV) of 37.38 and
37.47 meq/kg, respectively (De Sotillo et al.
1994b). The freeze-dried potato peel waste
extract was as good as BHA as antioxidant. The
freeze-dried potato peel waste extract was as
good as BHA as antioxidant. After 16 day storage
at 63 °C, 5.00 g of soybean oil containing either
the methanolic potato peel extract (800,
1600 ppm) or BHA (200 ppm) and BHT
(200 ppm) reached peroxide values (PV) of
37.35, 24.65, 33.20 and 28.88 meq/kg, respec-
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tively (Samarin et al. 2012). Also the Rancimat
method revealed that TBHQ  (t-butyl-
hydroxyquinone) was the best antioxidant, but
potato peel extract was as good as BHA and
BHT. Potato peel extracted with menthol had the
highest amount of phenolic compounds.

The free- and bound-form phenolics in potato
peel showed high DPPH radical scavenging
activity, while those in the flesh showed low
activity (Nara et al. 2006). The total amount of
chlorogenic acid and caffeic acid in the free-form
phenolics from the peel was highly correlated
with the DPPH radical scavenging activity.
Ferulic acid was identified as the active radical
scavenging compound in the bound-form pheno-
lics from the peel. Studies found that potato peel
(PE) was capable of protecting erythrocytes
against oxidative damage probably by acting as a
strong antioxidant (Singh and Rajini 2008). PE
was found to inhibit lipid peroxidation with simi-
lar effectiveness in both rat RBCs and human
RBC membranes (about 80-85 % inhibition by
PPE at 2.5 mg/ml). While PE per se did not cause
any morphological alteration in the erythrocytes,
under the experimental conditions, PE signifi-
cantly inhibited the H,0O,-induced morphological
alterations in rat RBCs and was found to offer
significant protection to human erythrocyte mem-
brane proteins from oxidative damage induced by
ferrous ascorbate. Methanolic extract of potato
peels showed potent antioxidant activity in anti-
oxidant assays and under accelerated oxidation
conditions using sunflower oil as oxidation sub-
strates for 72 h at 70 °C (Mohdaly et al. 2010,
2013). The potent antioxidant activity of potato
peels could be attributed to its high content of
phenolic compounds and flavonoids. The results
suggested that potato peels could be used as pre-
servative ingredients in the food and/or pharma-
ceutical industries. The main phenolic compounds
identified in potato peel waste extracts were chlo-
rogenic and ferulic acids; small amounts of gallic
and hydroxycinnamic acids were also found
(Amado et al. 2014). Potato peel extracts were
able to stabilise soybean oil under accelerated
oxidation conditions, minimising peroxide, totox
and p-anisidine indices. Their results demon-
strated potato peel waste to be a good source of
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antioxidants for effectively limiting oil oxidation
while contributing to the revalorisation of these
agrifood by-products.

Patatin purified from potato tuber showed
antioxidant or antiradical activity by a series of
in-vitro  tests, including 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical (IC5,=0.582 mg/
mL) scavenging activity assays, anti-human low-
density lipoprotein peroxidation tests and protec-
tions against hydroxyl radical-mediated DNA
damages and peroxynitrite-mediated dihydrorho-
damine 123 oxidations (Liu et al. 2003). It was
suggested that cysteine and tryptophan residues
in patatin might contribute to its antioxidant
activities against radicals. Patatin from potato
fruit was found to possess significant antioxidant
activities measured by scavenging of the DPPH
and superoxide free radicals, notable reducing
power, protective effects against hydroxyl
radical-induced oxidative DNA damage and lipid
peroxidation inhibition (Sun et al. 2013).

Antioxidant activity varied among potato cul-
tivars but was not related to flesh colour or total
phenolics (Al-Saikhan et al. 1995). The antioxi-
dant activity for white-flesh cultivars ranged from
65.2 to 88.1 % inhibition relative to control and
total phenolics of 369.1-527.1 pg/g. The antioxi-
dant activity for yellow-flesh cultivars ranged
from 68.6 to 89.2 % inhibition relative to control
and total phenolics of 237.7-407 pg/g.
Antioxidant activity was evenly distributed
within tuber parts and/or sections, except for skin
tissue which had the greatest antioxidant activity
and total phenolic content. Total phenolics varied
among cultivars, with some containing twofold
higher concentrations than other cultivars.
Phenolic content differences were genotype
dependent and not related to flesh colour.

Total anthocyanin ranged from 6.9 to 35 mg
per 100 g fresh weight in the red-fleshed and 5.5
to 17.1 in the purple-fleshed clones (Brown et al.
2003). Red-fleshed clones contained predomi-
nantly acylated glycosides of pelargonidin, while
the purple-fleshed clones contained a more com-
plex content of acylated glucosides of pelargoni-
din, petunidin, cyanidin and malvidin but had
predominantly acylated glycosides of petunidin
and peonidin. Oxygen radical absorbance capac-
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ity and ferrous reducing ability of plasma revealed
that the antioxidant levels in the red- or purple-
fleshed potatoes were two to three times higher
than white-fleshed potato. In potatoes with total
carotenoids ranging from 35 to 795 pg per 100 g
FW, the lipophilic extract of potato flesh pre-
sented oxygen radical absorbance capacity
(ORAC) values ranging from 4.6 to 15.3 nmoles
a-tocopherol equivalents per 100 g FW (Brown
2005). The hydrophilic antioxidant activity of
solidly pigmented red or purple potatoes was
comparable to brussels sprouts or spinach. In red
and purple potatoes with solidly pigmented flesh
with levels of total anthocyanin ranging from 9 to
38 mg per 100 g FW, ORAC ranged from 7.6 and
14.2 umole per g FW of trolox equivalents. Potato
contained an average 20 mg per 100 g FW of
vitamin C, which may account for up to 13 % of
the total antioxidant capacity. Potatoes should be
considered vegetables that may have high anti-
oxidant capacity depending on the flesh composi-
tion. Potato anthocyanins were reported to be
potent antioxidants and anti-inflammatory sub-
stances (Brown et al. 2008). The level of total
anthocyanins is correlated with antioxidant level
(R?=0.94). Several methods of cooking inter-
acted with genotypes in the antioxidant level
remaining after cooking compared to raw pota-
toes. No method of cooking completely elimi-
nated antioxidant activity, while boiling appeared
to increase it compared to raw potato in the case
of the most highly pigmented clone.

The main potato antioxidants were reported to
be polyphenols, ascorbic acid, carotenoids,
tocopherols, o-lipoic acid and selenium
(Lachman and Hamouz 2005). Polyphenolic
antioxidants found in potatoes were L-tyrosine,
caffeic acid, scopolin, chlorogenic and crypto-
chlorogenic acid and ferulic acid. In addition, red
and purple potatoes contained acylated anthocya-
nins and pigmented potatoes displaying two to
three times higher antioxidant potential in com-
parison with white-fleshed potato. Red potato
tubers contained glycosides of pelargonidin and
peonidin, and purple potatoes contained glyco-
sides of malvidin and petunidin. Anthocyanins
containing petunidin showed greater antioxidant
potential than those with malvidin, peonidin or
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pelargonidin. Total anthocyanins (TAC) in
coloured-fleshed potato cultivars ranged from
248.5 to 2257.8 mg/kg dry matter (Lachman
et al. 2012). Cold storage (4 °C) influenced TAC
differentially. In the Violette and Highland
Burgundy Red cultivars, TAC increased by
18.5 % and 12.1 %, respectively, and in the Valfi
cultivar, it decreased by 33.9 %. Baking increased
TAC 3.34 times, whereas cooking in boiled water
increased it 4.22 times. Correlation between anti-
oxidant activity (AOA) and TAC (R?=0.659) was
found. Violette, Vitelotte and Highland Burgundy
Red cultivars with the highest TAC showed high
AOA, and the Shetland Black cultivar and the
cultivars Salad Blue and Blue Congo with a mar-
bled texture showed the lowest TAC and AOA.
Total anthocyanin (ACY) and total phenolic
(PHEN) contents of different purple- and red-
fleshed potato genotypes ranged from 11 to
174 mg cyanidin-3-glucoside/100 g fresh weight
and from 76- to 181-mg chlorogenic acid/100 g
fresh weight, respectively, and were genotype
and location dependent (Reyes et al. 2005).
Although ACY and PHEN concentrations in
potato peel were 0.9- to 1.6-fold higher than in
potato flesh, overall contribution of the peel to
ACY and PHEN contents of a potato slice was
~20 %. High positive correlations between anti-
oxidant capacity and ACY and PHEN suggested
that these compounds were mainly responsible
for the antioxidant capacity. The hydrophilic
oxygen radical absorbance capacity (ORAC) and
antioxidant capacity of 74 potato genotypes
ranged from 28.25 to 250.67 pmol of trolox
equiv/g of DW (Andre et al. 2007a). Total pheno-
lic content varied between 1.12 and 12.37 mg of
gallic acid equiv/g of DW, total carotenoid con-
tent between 2.83 and 36.21 pg/g of DW and
total vitamin C content between 217.70 and
689.47 pg/g of DW. The hydrophilic antioxidant
capacity and the total phenolic content were
highly and positively correlated (R?=0.91). The
iron content ranged from 29.87 to 157.96 pg/g of
dry weight (DW), the zinc content from 12.6 to
28.83 pg/g of DW and the calcium content from
271.09 to 1092.93 pg/g of DW. A strong relation-
ship between iron and calcium contents was also
found (R?=0.67). Total anthocyanin of 38 native
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potato cultivars from South America ranged from
zero to 23 mg cyanidin equivalents/100 g fresh
weight (FW) (Brown et al. 2007). The cultivars
consisted of 23 diploids, seven triploids and eight
tetraploids. Total carotenoid ranged from 38 to
2020 pg zeaxanthin equivalents/100 g
FW. Oxygen radical absorbance capacity
(ORAC) was measured for the anthocyanin
(hydrophilic) and carotenoid (lipophilic) extracts.
The hydrophilic ORAC ranged from 333 to
1408 pm trolox equivalents/100 g FW. The lipo-
philic ORAC ranged from 4.7 to 30 nM
a-tocopherol equivalents/100 g FW. Total carot-
enoids were negatively correlated with total
anthocyanins. Total anthocyanins were correlated
with hydrophilic ORAC. Among clones with less
than 2 mg cyanidin equivalents/100 g FW, total
carotenoid and lipophilic ORAC were correlated,
but this was not true for analysis of all 38 clones.

Total antioxidant activity (AA) of Texas spe-
cialty (coloured) potato selections ranged from
157 pg trolox equivalents (TE)/gfw to 832 pg TE/
gfw and 810 pg TE/gfw to 1622 pg TE/gfw using
the DPPH and ABTS assays, respectively
(Reddivari et al. 2007a). TP total phenolic con-
tent (TP) ranged from 221 pg chlorogenic acid
equivalents (CGAE)/gfw to 1252 pg CGAE/gfw.
Selection COH2F2-2P/P had the highest AA and
TP. Purple flesh selections had the highest AA
and TP, followed by red-flesh and yellow-flesh
selections. Selections with similar flesh colour
did not differ significantly in AA and TP. A sig-
nificant positive correlation was observed
between AA and TP. Chlorogenic acid, gallic
acid, catechin, caffeic acid and malvidin-3-(p-
coumaryl rutinoside)-5-galactoside were the
major polyphenols identified. Chlorogenic acid
accounted for 50 to 70 % of TP, followed by cat-
echin, gallic acid and caffeic acid. Chlorogenic
acid contributed 28 to 45 % to AA, followed by
gallic acid, catechin and caffeic acid. Reddivari
et al. (2007b) found that the antioxidant activity
(AOA), total phenolics (TP) and total carotenoids
(TC) of 25 potato genotypes differed signifi-
cantly with genotype (G), Texas location (L) and
year (Y). Phenolic composition differed signifi-
cantly among genotypes and between locations.
The AOA, TP and chlorogenic acid content were
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significantly correlated with one another.
Genotypic effects were significant for all param-
eters measured and were larger than location and
year effects. Interaction effects (Gx L and G x L
x Y) were significant for most parameters, but
were relatively smaller than genotypic effects.
Lutein and violaxanthin were the major carot-
enoids identified, and genotypes differed signifi-
cantly in their carotenoid content.

Potatoes pan-fried in sunflower oil, olive oil
and refined palm oil enriched with olive leaf
polyphenols were found to have higher DPPH
radical scavenging capacity and higher total
polyphenols, tocopherols, phytosterols and squa-
lene content than those pan-fried in the non-
supplemented oils (Chiou et al. 2009). Oleuropein
as well as other polyphenol compounds were
detected in all French fries cooked in enriched
oils (Chiou et al. 2007). Polyphenol intake by
consuming French fries pan-fried in the enriched
oils was calculated to be 6 to 31 times higher than
that in the case of French fries fried in non-
enriched commercial oils, being dependent on
the frying oil type.

Antioxidant capacity of potato was influenced
by potato variety and cooking conditions; how-
ever, cooked potatoes retained 68-97 % oxygen
radical absorbance capacity assay (ORAC) value
depending on cooking procedure and variety (Xu
et al. 2009). Chlorogenic acid and its isomers
dominated the phenolic composition of each
variety involved in this study. ORAC and total
phenolics were highly and positively correlated
(R*=0.9119). Principal component analysis that
showed different cooking processes did not influ-
ence the trend of the antioxidant profile of the
eight potato varieties, but specific compounds
exerted influence on the antioxidant capacity. The
effects of drought stress on dietary antioxidant
and glycoalkaloid contents in potato tubers of
five native Andean cultivars were highly cultivar
specific (Andre et al. 2009). The antioxidant con-
tents of the yellow tuber-bearing cultivars
(Sipancachi and SS-2613) were weakly affected
by the drought treatment, whereas the pigmented
cultivars demonstrated highly cultivar-dependent
variations. A drastic reduction of anthocyanins
and other polyphenols was observed in the red-
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(Sullu) and purple-fleshed (Guincho Negra) cul-
tivars, whereas an increase was shown in the
purple-skinned and yellow-fleshed cultivar
(Huata Colorada). The hydrophilic antioxidant
capacity (evaluated by Folin-Ciocalteu and
H-oxygen radical absorbance capacity assays)
was highly correlated with the polyphenol con-
tent and followed, therefore, the same behaviour
upon drought. Carotenoid contents, including
B-carotene, as well as vitamin E, tended to
increase or remain stable following drought
exposure, except for the cultivar Sullu, in which
the level of these lipophilic antioxidants was
decreased. Vitamin C contents were not affected
by drought with the exception of Guincho Negra,
in which the level was increased. These varia-
tions of health-promoting compounds were asso-
ciated with increased or stable levels of the toxic
glycoalkaloids, a-solanine and o-chaconine.
Storage at 10 °C for 4 months tended to decrease
the concentrations of all dietary antioxidants,
except those of vitamin E. This storage also
reduced the drought-induced variations observed
in freshly harvested tubers.

The total equivalent antioxidant capacity
(TEAC) was higher in the extracts of early potato
cultivars in Racale, and a highly positive linear
relationship (R>=0.8193) between TEAC values
and total phenolic content was observed (Leo
et al. 2008). There was a considerable variation in
carotenoid content and weak differences in the
ascorbic acid concentration of the examined cul-
tivars of ‘early potato’ and between the harvested
locations (Racale and Monteroni). Chlorogenic
acid and catechin were the major phenols present
in potato tuber extracts; a moderate amount of
caffeic acid and ferulic acid was also detected. A
highly significant linear correlation (R*=0.9613)
between total antioxidant capacity (as a sum of
peroxyl radicals + peroxynitrite) and total phenol
content of methanol/water extracts was estab-
lished. Chlorogenic acid was the most abundant
phenolic and ranged from 22 to 473 mg/100 g dry
weight in 50 potato genotypes (Navarre et al.
2011). Rutin and kaempferol-3-rutinose were the
most abundant flavonols. Total phenolics ranged
from 1.8 to 11 mg/g DW and antioxidant capacity
ranged from 27 to 219 pmol TE/g DW. Total phe-
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nolics and antioxidants in these high-
phytonutrient potatoes compared favourably to
15 other analysed vegetables. Total phenolic con-
tent of native Chilean potatoes varied in the
peeled potato samples from 191 to 1864 mg/100 g
DM and from 345 to 2852 mg/100 g DM in
unpeeled samples (Kong et al. 2012). Antioxidant
activity was higher in unpeeled potatoes and was
the highest in the unpeeled NG-6 or ‘Bruja’
native potato.

Purple-fleshed potato cultivars showed higher
total phenol (TP content) (by 60 %) than yellow-
fleshed cultivars; antioxidant activity (AA) in
purple-fleshed cultivars was twice as high as in
yellow-fleshed potatoes (Lachman et al. 2008). A
medium linear correlation between TP and AA
was found (R*=0.747). Average TP content in
yellow-fleshed cultivars was 2.96 GAE (g of gal-
lic acid per kg dm); in purple-fleshed cultivars, it
was 4.68 GAE. Average AA in yellow-fleshed
cultivars was 11.26 AAE (mg of ascorbic acid
equivalent per 100 g dm) and in purple-fleshed cv.
24.79 AAE. Purple potatoes exhibited the highest
antixodant activity; peels were more potent than
the flesh and contained higher phenolic content
(Albishi et al. 2013). Bound and esterified pheno-
lics contributed as much or even more than the
free phenolics to the antioxidant activity of the
peels. HPLC data showed the presence of chloro-
genic, caffeic, p-coumaric and ferulic acids.

All cooking treatments (boiling, baking and
microwaving) of white-, yellow-, red- and purple-
fleshed potatoes reduced ascorbic and chloro-
genic acid contents, total glycoalkaloids,
a-chaconine and a-solanine with the exception of
total anthocyanins (Lachman et al. 2014). The
losses of ascorbic and chlorogenic acids were
minimised with boiling and total anthocyanin
levels retained the highest. Boiling of peeled
tubers decreased contents of total glycoalkaloids
(a-chaconine and a-solanine) and appeared as the
most favourable among the three tested methods.
Moreover, due to higher initial levels, red- and
purple-fleshed cultivars retained higher amounts
of antioxidants (ascorbic acid, chlorogenic acid
and total anthocyanin) after boiling and may be
healthier as compared with white or yellow
cultivars.
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Both red and purple-fleshed potato varieties con-
tained high levels of total polyphenols (227-
845 mg/100 g dry weight) and anthocyanins
(21-109 mg/100 dry weight) (Kita et al. 2013).
The process of frying caused degradation of
anthocyanin compounds (38-70 %); pelargoni-
din and malvidin derivates were more stable dur-
ing frying than petunidin derivatives. Although
frying process affected the anthocyanin and
polyphenol levels, the obtained potato crisps
exhibited bright intensive colour and good anti-
oxidant activity as evaluated by 2,2’-azino-bis-3-
ethylbenzothiazoline-6-sulphonic acid (ABTS)
and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radi-
cal as well as ferric reducing ability of plasma
(FRAP) assays. In a recent study, they reported
both red- and purple-fleshed potato varieties con-
tained higher content of total polyphenols (250-
526 mg/100 g DW) and anthocyanins (16-57 mg
100/g DW) (Kita et al. 2014). The higher content
of polyphenols was directly related to higher anti-
oxidant activity of tested potatoes. The process of
frying caused almost total degradation of antho-
cyanin compounds, while polyphenols exhibited
quite good stability (especially in chips obtained
from red-fleshed potatoes). The antioxidant activ-
ity decreased significantly in chips obtained from
purple-fleshed potatoes. Red-fleshed varieties
exhibited better stability after long-term storage
and gave chips with better properties.

Anticancer Activity

Among the Solanum steroidal glycoalkaloids
tested, only solasodine (from solasonine) and
a-chaconine exhibited strong cytotoxicity against
tested cancer cells in-vitro (Nakamura et al.
1996). Growth inhibition Gls, values (ug/ml) of
solasodine (from solasonine) and o-chaconine
against the tested cancer cells were, respectively,
as follows: PC-6 (lung cancer) 4.6; 1.83 pg/ml,
MCEF-7 (breast cancer) 1.62, 1.54 pg/ml, SW620
(colon cancer) 3.50, 1.46 pg/ml, NUGC-3 (stomach
cancer) 1.47,1.43 pg/ml, P388 (mouse leukaemia)
2.18, 1.58 pg/ml; a-Chacocine was more superior
than solasodine and a-solanine against all cancer
cell lines. Solanidine a-L-rhamnopyranosyl-
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(1 - 2)-p-p-glucopyranoside was weaker than
a-chacocine and solasodine.

Glycoalkaloids and metabolites of potato
inhibited the growth of human colon (HT29) and
liver (HepG2) cancer cells (Lee et al. 2004). Four
concentrations each (0.1, 1, 10 and 100 pg/mL)
of the potato trisaccharide glycoalkaloids
a-chaconine and a-solanine; the disaccharides
B(1)-chaconine, f(2)-chaconine and P(2)-
solanine; the monosaccharide y-chaconine and
their common aglycone solanidine; the tetrasac-
charide potato glycoalkaloid dehydrocommerso-
nine and the potato aglycone demissidine were
all antiproliferative, with the glycoalkaloids
being the most active and the hydrolysis products
less so. The effectiveness against the liver cells
was greater than against the colon cells. Potency
of a-chaconine at a concentration of 1 pg/mL
against the liver carcinoma cells was higher than
those observed with the anticancer drugs doxoru-
bicin and camptothecin. Because o-chaconine
and a-solanine also inhibited normal human liver
HeLa (Chang) cells, safety considerations should
guide the use of these compounds as preventative
or therapeutic treatments against carcinomas.
Pure a-chaconine and a-solanine from Dejima
potatoes and TGA (glycoalkaloids) from five
fresh potato varieties (Dejima, Jowon, Sumi,
Toya and Vora Valley) tested reduced the num-
bers of the following human cell lines: cervical
(HeLa), liver (HepG2), lymphoma (U937), stom-
ach (AGS and KATO III) cancer cells and normal
liver (Chang) cells (Friedman et al. 2005). The
results showed that (a) the effects of the
glycoalkaloids were concentration dependent in
the range of 0.1-10 pg/mL (0.117-11.7 nmol/
mL); (b) a-chaconine was more active than
a-solanine; (c) some mixtures exhibited syner-
gistic effects, whereas other produced additive
ones; (d) the different cancer cells varied in their
susceptibilities to destruction; and (e) the destruc-
tion of normal liver cells was generally lower
than that of cancer liver cells.

CO112F2-2 potato cultivar extracts and their
anthocyanin fraction at 5 pg chlorogenic acid eq/
ml were more active and inhibited cell prolifera-
tion and increased the cyclin-dependent kinase
inhibitor p27 levels in both LNCaP (androgen
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dependent) and PC-3 (androgen independent)
prostate cancer cells (Reddivari et al. 2007c).
Potato extract and its anthocyanin fraction were
found to be cytotoxic to both prostate cancer cells
via activation of caspase-independent apoptosis.
The apoptosis induced by whole potato extracts in
prostate cancer cell lines may be in part due to
a-chaconine and gallic acid (Reddivari et al.
2010). a-Chaconine (5 pg/ml) and gallic acid
(15 pg/ml) exhibited potent antiproliferative prop-
erties and increased cyclin-dependent kinase
inhibitor p27 levels in both cell lines. Both
o-chaconine and  gallic acid induced
poly[adenosine diphosphate (ADP)] ribose poly-
merase cleavage and caspase-dependent apopto-
sis in LNCaP cells; however, caspase-independent
apoptosis through nuclear translocation of endo-
nuclease G was observed in both LNCaP and
PC-3 cells. The proliferation of human mamma-
lian cancer (MCF-7) cells was significantly inhib-
ited in a dose-dependent manner after exposure to
‘early potato’ cultivar extracts (Leo et al. 2008).
HepG, human hepatocarcinomatic cell lines
treated with solanine showed typical signs of
apoptosis (Gao et al. 2006). Solanine opened up
the permeability transition channels in HepG,
mitochondrial membrane by lowering the mem-
brane potential, leading to Ca** being transported
down its concentration gradient, which in turn
led to the rise of the concentration of Ca®* in the
cell, turning on the mechanism for apoptosis.
The proliferation of colon cancer and liver
cancer cells was significantly inhibited by potato
antioxidant extracts (Wang et al. 2011). The high-
est antiproliferative activity was observed in
extracts of Solanum pinnatisectum and the lowest
in potato cv. Northstar. S. pinnatisectum had the
highest antioxidant activity, total phenolic and
chlorogenic acid content. An inverse correlation
was found between total phenolics and the ECs,
of colon cancer cell (R*=0.9303), as well as liver
cancer cell proliferation (R*=0.8992). The rela-
tionship between antioxidant activity and ECs, of
colon cancer/liver cancer cell proliferation was
significant (R*=0.8144; R*=0.956, respectively).
A significant difference in inhibition of cancer
cells existed between the 3 polyphenols: chloro-
genic acid, pelargonidin chloride and malvidin
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chloride, suggesting that chlorogenic acid was a
critical factor in the antiproliferation of colon
cancer and liver cancer cells.

The results of studies by Madiwale et al.
(2011) suggested that although the antioxidant
activity and phenolic content of potatoes were
increased with storage, the antiproliferative and
pro-apoptotic activities against early, HCT-116
and advanced stage, HT-29 human colon cancer
cell lines were suppressed. Purple-fleshed pota-
toes were more potent in suppressing prolifera-
tion and elevating apoptosis of colon cancer cells
compared with white- and yellow-fleshed pota-
toes. The extracts from both fresh and stored
potatoes (10-30 pg/mL) suppressed cancer cell
proliferation and elevated apoptosis compared
with the solvent control, but these anticancer
effects were more pronounced with the fresh
potatoes. Storage duration had a strong positive
correlation with antioxidant activity and percent-
age of viable cancer cells and a negative correla-
tion with apoptosis induction. Ethanolic extracts
of baked and chipped samples suppressed prolif-
eration and elevated apoptosis in human colon
HCT-116 (p53 wild type; ras mutated) and HT-29
(p53 mutated; ras wild type) human colon cancer
cell lines (Madiwale et al. 2012). Antiproliferative
and pro-apoptotic properties of baked potatoes
were similar to that of fresh potatoes, while chip-
ping caused a significant suppression. Phenolic
content and antioxidant activity of purple-fleshed
potatoes, after baking, were comparable with
those of anthocyanin-rich berries. When com-
pared with unprocessed samples, baking or chip-
ping led to significant losses in the phenolic and
anthocyanin content and antioxidant activity of
the potatoes. However, with storage, total pheno-
lic and anthocyanin content and antioxidant
activity increased in baked samples, while in the
chipped samples they remained constant. Hence,
purple-fleshed potatoes could be a healthier
choice for consumers as they were found to pos-
sess greater levels of bioactive compounds and
anticancer properties even after processing as
compared with their white- and yellow-fleshed
counterparts.

Patatin from potato fruit was identified as a
potent antiproliferative agent against mouse mel-
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anoma B16 cells, causing cell cycle arrest in the
G1 phase (Sun et al. 2013). Assays of apoptotic
cells also showed that patatin treatment at con-
centrations of 20 mg/mL resulted in a marked
reduction of viable cells.

Heated potato fibre (Potex) containing mela-
noidin complexes inhibited C6 glioma cell prolif-
eration in a dose-dependent manner (Langer
et al. 2011). High molecular weight components
present in initial extract were responsible for
stronger antiproliferative effect compared with
low molecular weight fraction. It was observed
that the activity of melanoidins present in heated
Potex was linked to dysregulated MAPK and Akt
signalling pathways, as well as to cell cycle ces-
sation. In a subsequent study, they reported that
both heated potato fibre Potex extract (180 °C for
2 h) and melanoidins isolated from the extract
exert growth-inhibiting activity in human LS180
colon cancer cells in-vitro (Langner et al. 2013).
Roasted potato fibre extract (AM4) as well as
with high (HMW) and low (LMW) molecular
weight fractions (containing melanoidins) iso-
lated from the extract, at concentration of
1000 pg/ml, reduced cell growth down to 45 %,
69 % and 54 %, respectively. Besides deregula-
tion of ERK1/2 signalling upon treatment, mul-
tiple alternations in cell cycle regulators activity
were found (i.e. cyclinDI, cyclin-dependent
kinase 4 and 6, p21, p27, p53, pRb) leading to
cell cycle cessation in GO phase.

Epidemiologic health studies had shown a reduc-
tion in cancer risk in individuals and populations
consuming high amounts of dietary fibre and
vegetables (Cummins et al. 1992; Faivre et al.
1993). Recently, a strong inverse association
between starch consumption and incidence of
large bowel cancer was reported. Starch being the
predominant form of carbohydrate found in pota-
toes, an appreciable amount of which called
resistant starch (RS) had been reported to escape
digestion in the small intestine, depending on
physical inaccessibility, type of granule and food
processing. Starch and dietary fibre together were
reported as the principal substrates controlling
the pattern of fermentation in the colon and, thus,
the metabolism of compounds like bile acids,
nitrate and enzyme activities (bacterial and anti-
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oxidant enzymes), which had been implicated in
carcinogenesis (Cummings et al. 1992; Hylla
et al. 1998; Raban et al. 1994). This resistant
starch had been reported to have similar physio-
logical effects and health benefits of fibre in that
it provides bulk, gives protection against colon
cancer, increases glucose tolerance and insulin
sensitivity, reduces plasma cholesterol and tri-
glyceride concentrations, enhances satiety and
may even reduce fat storage.

Antiviral Activity

The infectivity of herpes simplex virus type I in
tissue culture was inhibited by prior incubation
with aqueous suspensions of glycoalkaloids in
order of activity a-chaconine greater than
a-tomatine greater than a-solasonine but not by
the corresponding aglycones, solanidine, tomati-
dine and solasodine (Thorne et al. 1985). The
glycones, but not the aglycones, showed cyto-
pathic effects on cellular membranes of Vero
cells and erythrocytes; therefore, it was suggested
that inactivation of virus results from insertion of
the glycones into the viral envelope.

Anti-inflammatory Activity

In a randomised study of free-living healthy men
(18-40 years old), consumption of pigmented-
fleshed potato was found to alter oxidative stress,
DNA damage and inflammatory damage (Kaspar
et al. 2011). Compared with the white-fleshed
potato (WP) group, the yellow-fleshed potato
(YP) group had higher concentrations of phenolic
acids and carotenoids, whereas the purple-fleshed
potato (PP) group had higher concentrations of
phenolic acids and anthocyanins. Men who con-
sumed YP and PP tended to have lower plasma
interleukin IL-6 compared with those consuming
WP. The PP group tended to have a lower plasma
C-reactive protein concentration than the WP
group. The plasma 8-hydroxydeoxyguanosine
concentration was lower in men who consumed
either YP or PP compared with WP. Studies
showed that potato glycoalkaloids a-chaconine,
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a-solanine and solanidine, along with potato peel
extracts, possessed anti-inflammatory effects in-
vitro (Kenny et al. 2013). a-Chaconine and
solanidine significantly reduced interleukin-2
(IL-2) and interleukin-8 (IL-8) productions in
Con A-induced Jurkat cells. In LPS-stimulated
RAW macrophages, a-solanine, solanidine and
two potato peel extracts significantly reduced
induced NO production. Oral administration of
Solanum tuberosum var. Vitelotte (SV) extract to
NC/Nga mice resulted in the inhibition of the
development of atopic dermatitis (AD)-like skin
lesions induced by the topical application of
2,4-dinitrochlorobenzene (shim and Choung
2014). SV extract has attenuated AD-like skin
lesion, ear thickening and scratching behaviour
and alleviated infiltrated inflammatory cells in
tissue. Production of Th1 and Th2 cytokines was
inhibited in splenocyte cultures. Additionally,
reduced levels of IgE and IgG1/IgG2a ratio in
serum and expression of AD-related mRNAs in
lesional skins were observed in SV-treated mice
compared with control group. The chloroform
fraction of the peel of Jayoung (CFPJ), a color-
fleshed potato, inhibited the expressions of induc-
ible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) at the transcription
level and attenuated the transcriptional activity of
nuclear factor-kB (NF-kB) by reducing the trans-
location of NF-kB depending on degradation of
inhibitory kB-o (IkB-a) in lipopolysaccharide
(LPS)-induced RAW 264.7 macrophages (Lee
et al. 2014). Additionally, CFPJ attenuated the
phosphorylations of mitogen-activated protein
kinase 3/6 (MKK3/6) and of p38. Administration
of CFPJ to mice with dextran sulphate sodium-
induced colitis significantly reduced the severity
of colitis and the productions and protein levels
of pro-inflammatory mediators in colonic tissue.

Antidiabetic Activity

Potato peel (PP) powder supplementation in diet
was found to effectively attenuate diabetic altera-
tions in rats (Singh et al. 2005a). Streptozotocin
diabetic rats fed with PP powder-supplemented
diet for 4 weeks showed a significant decrease in
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blood glucose levels. Incorporation of PP powder
reduced significantly the hypertrophy of both the
liver and kidney of streptozotocin (STZ)-diabetic
rats and also normalised the activities of serum
ALT and AST, hepatic and renal MDA and GSH,
as well as activities of various antioxidant
enzymes in the liver and kidney of diabetic rats.
Furthermore, PP powder in the diet also appeared
to attenuate the eye lens damage associated with
the diabetic condition. They also reported that in
a 4-week feeding trial, incorporation of potato
peel powder (5 and 10 %) in the diet of diabetic
rats was found to significantly reduce the plasma
glucose level and also reduce drastically the
polyuria of STZ diabetic rats (Singh et al. 2005b).
The total food intake was significantly reduced in
the diabetic rats fed 10 % PP powder compared to
the control diabetic rats. However, the body
weight gain over 28 days was nearly four times
greater in PP powder-supplemented diabetic rats
(both at 5 and 10 %) compared to the control dia-
betic rats. PP powder in the diet also decreased
the elevated activities of serum transaminases
(ALT and AST) and nearly normalised the hepatic
MDA and GSH levels as well as the activities of
specific antioxidant enzymes in the liver of dia-
betic rats.

Calystegines A; and B, purified from potatoes
were found to inhibit maltase and sucrose,
a-glucosidases contributing to human carbohy-
drate degradation in the small intestine (Jockovi¢,
et al. 2013). Calystegine A; showed low in-vitro
enzyme inhibition; calystegine B, inhibited
mainly sucrose activity. Both compounds were
not transported by Caco-2 cells indicating low
systemic availability. The authors suggested that
vegetables rich in calystegine B, should be fur-
ther investigated as possible components of a diet
preventing a steep increase in blood glucose after
a carbohydrate-rich meal.

Feeding mice with polyphenolic-rich potato
extracts (PRPE) of cultivars Onaway and Russet
Burbank for 10 weeks attenuated weight gain in
male and female mice by as much as 63.2 %,
which was associated mostly with a reduction in
adiposity (Kubow et al. 2014). Mice receiving
PRPE showed enhanced capacity for blood glu-
cose clearance. Sex differences regarding the
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impact of HFD and PRPE on plasma levels of
insulin, ghrelin, leptin, gastric inhibitory peptide
and resistin were observed. PRPE may serve as
part of a preventative dietary strategy against the
development of obesity and type 2 diabetes.
Starch in foods may be classified into rapidly
digestible starch (RDS), slowly digestible starch
(SDS) and resistant starch (RS) (Englyst et al.
1992). RS may be further divided into three cat-
egories according to the reason for resistance to
digestion. Studies conducted showed that the
replacement of digestible starch with RS resulted
in significant reductions in postprandial glycae-
mia and insulinemia and in the subjective sensa-
tions of satiety (Raban et al. 1994). The amount
of resistant starch found in potatoes was highly
dependent upon preparation methods. Cooking
and then cooling potatoes significantly increased
resistant starch. For example, cooked potato
starch contained about 7 % resistant starch, which
increased to about 13 % upon cooling (Englyst
et al. 1992). Cooked potatoes were found to have
high levels of digestible starch (DS) (Garcia-
Alonso and Goiii 2000). Starch digestibility is
improved after processing and it is affected by
the cooking methods. Boiled and mashed pota-
toes showed the highest rate of digestion; on the
contrary raw potato was hardly digested. The
estimated glycaemic index (GI) from the degree
of starch hydrolysis within 90 min was in accor-
dance with the reported GI values, for potatoes
processed in the same way. Results of studies
demonstrated that degree of gelatinisation (DG)
of starch strongly affected its digestibility in-
vitro and may influence the postprandial glycae-
mic response (Parada and Aguilera 2009). DG
was closely related with heating temperature
(R?=0.997), size parameters of granules (mea-
sured by image analysis), in-vitro digestion and
in-vivo glycaemic response (R? of adjusted mod-
els>0.9). Shape parameters of granules were not
related with the degree of gelatinisation. Seven
potato cultivars tested had a wide range of GI val-
ues (53-103) (Ek et al. 2014). The Carisma culti-
var was classified as low GI and the Nicola
cultivar (GI=69) as medium GI, and the other
five cultivars were classified as high GI according
to ISO guidelines. The GI values were strongly
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and positively correlated with the percentage of
in-vitro enzymatic hydrolysis of starch in the
cooked potatoes. Amylose, dietary fibre and total
starch content were not correlated with either in-
vitro starch digestibility or GI.

Recently, it was reported that hydrolysis of the
potato protein isolates (breaking down of the
compound by reacting with water) produced pro-
teins with an increased activity for ACE
(angiotensin-I-converting enzyme) inhibition and
radical scavenging activity. ACE inhibitors act by
inhibiting the conversion of angiotensin I to the
potent vasoconstrictor, angiotensin II, thereby
improving blood flow and blood pressure. The
study suggested that potato was a promising
source for the production of bioactive compounds
as ingredients for developing functional foods
with a beneficial impact on cardiovascular health.
ACE inhibitors made by drug companies have
been found to be beneficial in treating hyperten-
sion, particularly in patients with type 1 or type 2
diabetes, and also appear to provide good cardio-
vascular and renal protection.

On the negative side, potato is regarded as high
glycaemic index (GI) food and is avoided by peo-
ple following a ‘low GI’ eating regimen. The GI
of potatoes can vary considerably depending on
the potato variety (i.e. red vs. russet vs. white vs.
Prince Edward), preparation methods (i.e. cook-
ing method, whether it is eaten hot or cold,
whether it is mashed or cubed or consumed
whole, etc.) and with what is consumed (i.e. the
addition of various high fat or high protein top-
pings). US Russet potatoes have only a moder-
ately high glycaemic index. Individuals who
wish to minimise dietary glycaemic index can be
advised to precook potatoes and consume them
cold or reheated (Fernandes et al. 2005). Boiled
potatoes were more satiating than French fries on
an energy-equivalent basis, the effect being most
prominent in the early postprandial phase,
whereas no difference in satiety could be seen on
a carbohydrate-equivalent basis. French fries
resulted in a significantly lower glycaemic
response (glycaemic index (GI)=77) than boiled
potatoes either with or without the addition of oil
(Leeman et al. 2008). It was also shown that the
high glycaemic and insulinaemic features com-
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monly associated with potato meals can be
reduced by the use of vinegar dressing and/or by
serving cold potato products.

Clinical Studies

In a study of ten healthy, normal-weight, young
males, after administration of a meal of 50 g raw
potato starch (54 % resistant starch (RS)) together
with 500 g artificially sweetened syrup, postpran-
dial plasma concentrations of glucose, lactate,
insulin, gastric inhibitory polypeptide (GIP),
glucagon-like peptide-1 and epinephrine were
significantly lower compared with after the meal
of 50 g pregelatinised starch (0 % RS) together
with 500-g artificially sweetened syrup (Raben
et al. 1994). It was concluded that replacement of
digestible starch with resistant starch resulted in
significant reductions in postprandial glycaemia
and insulinemia and in the subjective sensations
of satiety. In a subsequent study of 11 healthy,
normal-weight, young men, they compared two
chemically modified starches—a 1-2 % acety-
lated potato starch and a starch enriched with 2 %
B-cyclodextrin—and a native, unmodified potato
starch (control) (Raben et al. 1997). The meal
was given in the morning after a 2-day
carbohydrate-rich, ~weight-maintenance diet.
After the modified-starch meals, response pat-
terns for plasma glucose, insulin, gastric inhibi-
tory polypeptide, subjective satiety and fullness
were significantly different from response pat-
terns after the meal with the control starch. A flat-
tening of the glucose curve, a lower insulin and
gastric inhibitory polypeptide response and
higher fullness ratings were observed after the
meal with the B-cyclodextrin starch. Satiety rat-
ings were higher after both meals with modified
starch than after the meal with the control starch.
It was concluded that a minor modification insu-
linaemic (1-2 %) of native potato starch improved
the glycaemia, insulinaemic and satiating proper-
ties of a meal. In a study of 10 healthy volunteers,
potatoes, regardless of variety, cooking method
and maturity, were found to have exceptionally
high glycaemic index (GI) values (Soh and
Brand-Miller 1999). Mean GI values ranged
from 65 for canned new potatoes to 10 for boiled
Desiree potatoes. The relative lower values of
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new potatoes were attributed to differences in
starch structure. Cold storage and addition of vin-
egar reduced acute glycaemia and insulinaemia
in healthy subjects after a potato meal (Leeman
et al. 2005). Cold storage of boiled potatoes
increased resistant starch (RS) content signifi-
cantly. The results showed that the high glycae-
mic and insulinaemic features commonly
associated with potato meals could be reduced by
use of vinegar dressing and/or by serving cold
potato products. Precooked Russet potatoes elic-
ited lower area under the curve than day cooked
in human subjects, while precooking had no
effect on boiled white potatoes (Fernandes et al.
2005). The glycaemic index values of potatoes
varied significantly, depending on the variety and
cooking method used ranging from intermediate
(boiled red potatoes consumed cold: 56) to mod-
erately high (roasted California white potatoes:
72; baked US Russet potatoes: 77) to high (instant
mashed potatoes: 88; boiled red potatoes: 89). In
studies of healthy subjects, boiled potatoes
induced higher subjective satiety than French
fries when compared on an energy-equivalent
basis (Leeman et al. 2008). French fries elicited
the lowest early glycaemic response and was less
satiating in the early postprandial phase (area
under the curve (AUC) 0-45 min). No differ-
ences were found in glycaemic or satiety response
between boiled or mashed potatoes. In a second
study, French fries resulted in a significantly
lower glycaemic response (glycaemic index (GI)
=77) than boiled potatoes either with or without
the addition of oil (GI=131 and 111, respec-
tively). No differences were found in subjective
satiety response between the products served on
carbohydrate equivalence.

In a randomised block design study of 9
healthy volunteers, administration of pigmented
potatoes resulted in no significant differences in
areas under the curve (AUC) for blood glucose
response or insulin among the various potatoes
studied (Ramdath et al. 2014) Although the mean
GI values for the potato types varied (pur-
ple=77.0; red=78.0; yellow=81.0; and
white=93.0), these differences were not signifi-
cantly different. The mean polyphenol content
(mg GAE/100 g DW) was 234, 190, 108 and 82
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for purple, red, yellow and white potatoes,
respectively. There was a significant inverse cor-
relation between polyphenol content and GI of
the potatoes (R*=-0.825). In-vitro, polyphenol
extracts of red and purple potatoes inhibited
a-glucosidase by 37.4 % and 28.7 %, respec-
tively. The GI of coloured potatoes was signifi-
cantly related to their polyphenol content,
possibly mediated through an inhibitory effect of
anthocyanins on intestinal a-glucosidase.

Hepatoprotective Activity

Administration of red potato extract (RPE) pro-
tected liver damage in p-galactosamine (GalN)-
intoxicated rats (Han et al. 2006a). Increases in
serum aspartate aminotransferase, alanine ami-
notransferase and lactate dehydrogenase activi-
ties, all of which were induced by GalN injection,
decreased in RPE-administered rats, suggesting
that RPE acted as a functional food showing anti-
hepatotoxicity. Purple potato flakes were found
to have antioxidant functions with regard to
DDPH radical scavenging activity and inhibition
of linoleic acid oxidation, and they improved the
antioxidant potentials in rats by enhancing
hepatic Mn-SOD (superoxide dismutase), Cu/
Zn-SOD and glutathione peroxidase (GSH-Px)
mRNA expression (Han et al.2006b). In another
study, Han et al. (2007b) found serum thiobarbi-
turic acid-reactive substances concentration and
hepatic superoxide dismutase mRNA level in rats
fed red potato flakes (RPF) were significantly
lower and higher, respectively, than those in con-
trol rats. The results suggested that RPF might
improve the antioxidant system by enhancing
hepatic SOD mRNA.

Supplementation with anthocyanin-rich pur-
ple potato (cv. Shadow Queen) flakes in F344 rats
fed a cholesterol-rich diet was found to enhance
the antioxidant status (Han et al. 2007a).
Thiobarbituric acid-reactive substance (TBARS)
levels in the serum and liver of rats fed Shadow
Queen were significantly lower than those in the
control and white potato (cv. Toyoshiro) groups.
The hepatic glutathione levels and activities of
hepatic glutathione reductase and glutathione
S-transferase in the Shadow Queen were signifi-
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cantly higher in the Shadow Queen group than in
the control group. The results showed that
enhancement of antioxidant enzymes and oxida-
tive status in the serum and liver by the purple
potato flake diet (Shadow Queen) containing
polyphenols/anthocyanins may play an important
role in the protection against adverse effects
related to oxidative damage in rats fed a high-
cholesterol diet.

Antihypercholesterolemic Activity

Feeding rats a potato-enriched diet for 3 weeks
led to a significant decrease in cholesterol and tri-
glyceride levels in plasma and cholesterol level in
the liver (Robert et al. 2006). Antioxidant status
was also improved by potato consumption.
TBARS levels in the heart were decreased and
vitamin E/triglycerides ratio in plasma was
improved. Robert et al. (2008) found that the con-
sumption of complex carbohydrates (provided as
cooked potatoes) by rats for 3 weeks, in combina-
tion with different antioxidant micronutrients,
may enhance the antioxidant defences and
improve lipid metabolism, when compared with
starch (complex carbohydrates) and to sucrose
consumption (source of simple sugar). Feeding
rats a potato-based diet for 3 weeks led to a
decrease in cholesterol (=37 %, potato vs. control,
and —32 %, potato vs. sucrose) and triglycerides
(=31 %, potato vs. control, and —43 %, potato vs.
sucrose) concentrations in triglyceride-rich lipo-
protein (TGRLP) fractions. The antioxidant status
was decreased by sucrose consumption and
improved by potato consumption. These effects
limited oxidative stress and reduced the risk of
developing the associated degenerative diseases,
including cardiovascular disease, and could have
potential in cardiovascular disease prevention.

Hypotensive Activity

In a crossover study, 18 hypertensive subjects
with an average body mass index (BMI) of 29 and
administration of six to eight small microwaved
purple potatoes twice daily for 4 weeks elicited a
significant decrease in diastolic and systolic blood
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pressures (Vinson et al. 2012). There was no sig-
nificant effect of potato on fasting plasma glu-
cose, lipids or HbAlc. There was no significant
body weight increase. In a comparative single-
dose study six to eight microwaved potatoes with
skins and comparable amount of refined potato
starch as cooked biscuits given to eight normal
fasting subjects, potato caused an increase in
plasma and urine antioxidant capacity, whereas
refined potato starch caused a decrease in both,
i.e. it acted as a pro-oxidant.

Wound Healing Activity

Compared with treatment with plain gauze dress-
ings for burn wounds, the application of the
potato peel dressing reduced or eliminated desic-
cation, permitted the survival of superficial skin
cells and hastened epithelial regeneration
(Keswani et al. 1990). Bacteriological studies
showed that the potato peels had no intrinsic anti-
bacterial activity, the wounds beneath both dress-
ings showing either no growth or, on most
occasions, the same bacterial species. The easy
availability of potato peels and gauze bandages
on to which they can be affixed, the simplicity of
the preparation of this dressing, the ease of ster-
ilisation and its low cost of production make this
the dressing of choice for burn wounds in devel-
oping country. In a series of experiments, full
thickness skin defects in 68 rats were covered
with dressings made of boiled potato peels, the
wounds closed within 14 days, and histologically
complete repair of epidermis was found
(Dattatreya et al. 1991). The cork layer of the
potato peel prevented dehydration of the wound
and protected against exogenous agents.
Experiments with homogenates revealed that a
complete structure of the peel was necessary.
Steroidal glycosides may have contributed to the
favourable results. In the 50 patients treated with
honey, 90 % of burn wounds were rendered ster-
ile within 7 days (Subrahmanyam 1996). In the
50 patients treated with boiled potato peel dress-
ings, persistent infection was noted within 7 days.
Of the burn wounds treated with honey, 100 %
healed within 15 days as against 50 % in the
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wounds treated with boiled potato peel dressings
(mean 10.4 vs. 16.2 days).

Cholesterol Metabolism

Hashimoto et al. (2011) reported that rats fed a
potato pulp (PP)-supplemented diet for 4 weeks
improved both cecal conditions and cholesterol
metabolism, suggesting that potato pulp had pre-
biotic effects. Rats fed with the PP-supplemented
dietshowed increased cecal ratios of Lactobacillus
and Clostridia and decreased cecal ratios of
Bacteroides and ['proteobacteria with slightly
negative and positive correlations with plasma
T-cholesterol levels, respectively. Mandimika
et al. (2008) found that PI3K/AKT, JNK and
ERK pathways were not crucial for the induction
of cholesterol biosynthesis gene SREBP-2 tran-
scription in intestinal caco-2 epithelial cells fol-
lowing treatment with the potato glycoalkaloid
a-chaconine.

Pharmacokinetic Studies

Potato glycoalkaloids, a-solanine and
a-chaconine, were detected in all blood serum
samples collected from seven volunteers 1-25 h
after a meal of potatoes (Hellenis et al. 1992).
Their aglycone, solanidine, was detected in some
samples, but there were no traces of the mono- or
diglycosides. The average apparent biological
half-lives for a-solanine and a-chaconine were
11 and 19 h, respectively. In a randomised, con-
trolled double-blinded, crossover pilot study of
three men, consumption of zeaxanthin-rich
mashed potatoes significantly increased chylomi-
cron zeaxanthin concentrations suggesting that
potentially such potatoes could be used as an
important dietary source of zeaxanthin (Bub
et al. 2008). There were no significant differences
in the concentrations of other major potato carot-
enoids such as lutein and p-carotene in chylomi-
crons after consumption of genetically modified
and wild-type control potatoes.

Miranda et al. (2013) found that iron uptake,
as evaluated by a ferritin assay, by intestinal
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human cells was decreased after incubation with
the intestinal phase of in-vitro digestion, presum-
ably due to the presence of polyphenols (chloro-
genic acid and derivatives and rutin) from
potatoes and sweet potatoes.

Trypanocidal Activity

The glycoalkaloids a-chaconine, a-solamargine,
a-solanine, solasonine, sycophantine and toma-
tine, as well as the aglycones demissidine, solani-
dine, solanocapsine, solasodine, tomatidine and
veratrine, were tested as growth inhibitors of
Trypanosoma cruzi, strain EP (Chataing et al.
1998). Glycoalkaloids containing a-chacotriose,
namely, o-chaconine, and the aglycone solani-
dine showed trypanolytic activity against the epi-
mastigote form and trypanocidal activity against
the bloodstream and metacyclic trypomastigote
form of Trypanosoma cruzi in culture medium in
micromolar concentrations.

Toxicological Studies

Rabbits fed on greened potatoes became dull and
showed reduction in body weight after 30 days of
feeding (Azim et al. 1982). They had compara-
tively enlarged livers and also showed a signifi-
cant difference in relative size of heart. Blood
samples collected from these animals after
30 days showed an increase in the concentration
of cholesterol and sugars in blood plasma and a
decrease in protein. Plasma electrolytes showed
an increase in Ca?* and a decrease in Na* and K*.
There was a decrease in protein content of the
liver, kidney, heart and intestine. The glycogen
content of liver and kidney was also decreased
though glycogen concentration increased in heart
tissue. Cholesterol levels were increased in each
of these organs. There was a decrease in Ca*
content in the four organs but K* content was sig-
nificantly increased in kidney and intestinal mus-
cles though its concentration was decreased in
liver and heart muscles. Na* content significantly
increased in the heart muscles but decreased in
other organs. The results illustrated the toxic
nature of the glycoalkaloids in greened potatoes.
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Compared to controls, Solanum elaeagnifo-
lium and Solanum dulcamara fruit, containing
appreciable amounts of an unknown spirosolane,
an aglycone provisionally identified as soladul-
cidine, both induced a high percentage incidence
of deformed hamster litters with congenital cra-
niofacial malformations (20.4 and 16.3, respec-
tively) that was statistically significant, while
percentage incidence of deformed litters induced
by Solanum sarrachoides and Solanum melon-
gena fruit containing mainly solasodine glyco-
sides (9.5 and 7.6 respectively) were both higher
than controls (3.4 %), in neither case was the
incidence statistically significant (Keeler et al.
1990). Deformed litter incidence induced by
sprouts of Solanum tuberosum, containing
mainly solanidane glycosides, was 24.0 %. Oral
administration of the steroidal alkaloid glyco-
sides a-solanine and a-chaconine from potato
var. Kennebec sprouts and their aglycone solani-
dine was shown to induce craniofacial malfor-
mations  (exencephaly, encephalocele and
anophthalmia) in Syrian hamsters (Gaffield and
Keeler 1996). Malformation induction was
observed in litters upon dosing both the non-
toxic aglycone solanidine and the derivative
solanidine N-oxide at higher levels. The rela-
tively high teratogenicity of non-toxic solani-
dine, compared to the glycosides, demonstrated
that terata induction by solanidanes was not due
to maternal toxicity nor was the oligosaccharide
portion of steroidal alkaloid glycosides required
to facilitate passage of the teratogen to the
foetus.

Aqueous potato leaf extracts containing gly-
coalkaloids (PGA) (a-solanine and a-chaconine)
were cytotoxic to Chinese hamster ovary cells
and lysed human, rat and hamster blood cells
with no difference in sensitivity among species
(Phillips et al. 1996). Oral administration of
potato tops to rats, mice and Syrian hamsters had
no adverse effects at the highest practicable dose.
A mixture of a-solanine and a-chaconine (1:1,
w/w) given orally at doses of up to 50 mg/kg
body weight to hamsters had no effect, but a sin-
gle i.p. injection of 25 mg/kg body weight or
greater was lethal, with bleeding in the gut. High
concentrations of cytotoxic PGA were found in
some potato tops, but their effect in laboratory
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animals was minimal. The authors concluded that
the consumption of moderate quantities of potato
tops (2-5 g/kg body weight/day) was unlikely to
represent an acute health hazard to humans.
Feeding non-pregnant mice for 14 days on a
diet containing 2.4 mmol/kg of aglycone solani-
dine (derived by hydrolytic removal of the carbo-
hydrate side chain from the potato glycoalkaloids
a-chaconine and a-solanine) resulted in signifi-
cantly greater ratios of % liver weights to body
weights (%LW/BWs) 25 than those of the control
values (Friedman et al. 2003a). The correspond-
ing increase in pregnant mice was 5.3 for solani-
dine. For pregnant mice, (a) body weight gain
—36.1 for solanidine was less than with control,
solanidine; (b) litter weight with solanidine —27.0
was less than control; and (c) the average weight
of the foetuses for solanidine —11.2 was less than
the control. Abortion of foetuses occurred in five
of 24 pregnant mice on the solanidine diet. In in-
vitro assays for estrogenic activity, solanidine at
10-puM concentration exhibited an increase in the
MCF-7 human breast cancer cell proliferation.
In an acute animal toxicity study, daily doses
of potato a-solanine (100 mg/kg body weight
(BW)) induced death in two of four hamsters
within 4 days, when administered by gavage to
female Syrian hamsters (Langkilde et al. 2008).
Doses of 100 mg of a-chaconine alone or
a-solanine and a-chaconine combined in a ratio
of 1:2.5, in doses of 75 or 100 mg/kg BW, induced
death in one of four hamsters within the same
period. Animals dosed with a-solanine alone or
in combination with a-chaconine suffered from
fluid-filled and dilated small intestines. The gly-
coalkaloid (GA) administration had no effect on
acetylcholinesterase (AChE) or butyrylcholines-
terase (BuChE) activity in plasma or the brain. In
addition, metabolomics gave direct evidence of
glycolytic metabolism of the GA with the p 1, f 2
and y GAs detected in the urine and, to a lesser
extent, the faeces. Doses from 75 mg/kg BW of
a-chaconine, a-solanine or the two compounds
combined were potentially lethal within 4-5 days
in the Syrian Golden hamster. However, the cause
of death in these studies could not be established.
No synergistic effects of a-solanine combined
with a-chaconine were evident. In another study,
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doses of up to 33.3-mg total glycoalkaloids/kg
body weight were applied in ratios of 1:3.7 and
1:70 (a-solanine/a-chaconine) to Syrian Golden
hamster by gavage for 28 days (Langkilde et al.
2009). Administration of the highest doses of
both ratios resulted in distended and fluid-filled
small intestines and stomach. Animals receiving
the ratio with the reduced content of a-solanine
were less affected compared to those receiving
the other ratio. In a 90-day feeding trial with the
Syrian Golden hamster, administration of 60 %
freeze-dried potato powder of a GM potato line
(SGT 9-2) with reduced a-solanine content, and
the parental control line (Desiree wild type) with
a traditional o-solanine/o-chaconine ratio, did
not raise concerns related to nutritional value or
safety (Langkilde et al. 2012). Results of the
feeding trials showed a low number of significant
differences between potato lines with different
a-solanine/a-chaconine ratio, but none were con-
sidered to raise safety concerns with regard to
human (or animal) consumption.

In a clinical study, human volunteers were
administered one of 6 treatments of solutions
with TGA (total glycoalkaloid) doses of 0.30,0.50
or 0.70 mg/kg body weight (bw) or 4—6 mashed
potatoes with TGA doses of 0.95, 1.10 or
1.25 mg/kg bw (Mesinga et al. 2005). Mashed
potatoes contained TGA level of nearly 200 mg/
kg fresh weight (presently recognised as upper
limit of safety). The administered single dose of
up to 90.2 mg TGA (1.25mgTGA/kg body
weight) did not induce acute systemic effects. In
one subject at the highest level of exposure
(1.25mgTGA/kg body weight), some vomiting
was experienced possibly due to local glycoalka-
loid toxicity. The results also showed that the
clearance of glycoalkaloids took more than 24 h,
thus allowing the substance to accumulate in the
body. They asserted that additional studies were
required to establish an adequate based no
observed adverse effect level (NOAEL).

The toxicological monograph produced by the
JointFAO/WHO Expert Committee on Food
Additives (JECFA) in 1993 stated that glycoalka-
loids were not acutely toxic by the oral route in
laboratory animals even at very high doses (up to
1 g/kg bodyweight) in some species. The com-
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mittee considered that the evidence implicating
glycoalkaloids in potato poisoning cases was not
convincing. JECFA concluded that levels of
a-solanine and a-chaconine normally found in
potatoes (20—100 mg/kg) were not of toxicologi-
cal concern. Nevertheless, JECFA and others
have expressed concern about glycoalkaloids in
skin-on potato products, such as crisps, that
became widely available in the mid-1990s.
Glycoalkaloid concentrations of up to 720 mg/kg
were found in green-skinned crisps, compared
with a maximum of 150 mg/kg in normal crisps.

Freeze-dried potato peel aqueous extract was
found to be non-mutagenic using the in-vitro
Salmonella typhimurium—Escherichia coli micro-
some assay; plate counts revealed <10 CFU/g
(De Sotillo et al. 1998). It was effective only at
high concentration against Gram-negative and
one Gram-positive bacteria but it was bacterio-
static. In the frog embryo teratogenesis assay—
Xenopus (FETAX), a-chaconine was teratogenic
and more embryotoxic than a-solanine; in terms
of the median lethal concentration (LCs) after
96 h of exposure, the concentration inducing
gross terata in 50 % of the surviving frog embryos
(96-h ECs,, malformation) and the minimum
concentration needed to inhibit the growth of
frog embryos (Friedman et al. 1991). The agly-
cones demissidine, solanidine and solasodine
were less toxic than the glycosides a-chaconine
and a-solanine.

The glycol-alkaloid extracts were also
reported active against Microsporum gypseum
and Cryptococcus neoformans, Artemia salina
nauplii and Trypanosoma cruzi and showed intra-
peritoneal subacute toxicity in mice.

Adverse Toxicity Issues

The total glycoalkaloid content (TGA) of potato
tubers had been reported to vary widely; values
between 2 and 410 mg/100 g of fresh weight
(FW) had been reported (Lisinska and
Leszczynski 1989), but in most cases the TGA
concentration in whole tubers was between 10
and 150 mg/100 g of FW (Gelder et al. 1988).
Cooking and frying had been reported to not
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destroy the glycoalkaloids (Maga 1994). The
widely accepted safety limit for the level of total
glycoalkaloids (TGA) in tubers was stated as
200 mg/kg of FW (Boemer and Mattis 1924;
Smith et al. 1996). Mild clinical symptoms of
glycoalkaloid poisoning include abdominal pain,
vomiting and diarrhoea (Friedman and McDonald
1997). Severe glycoalkaloid poisoning caused
symptoms ranging from gastrointestinal disor-
ders through confusion, hallucination and partial
paralysis to convulsions, coma and death (Smith
et al. 1996). Evidence suggested that human sus-
ceptibility to glycoalkaloid poisoning was high
and very variable: oral doses in the range of
1-5 mg/kg of body weight were marginally to
severely toxic to humans (Hellenis et al. 1992,
whereas 3-6 mg/kg of body weight could be
lethal (Morris and Lee 1984). Glycoalkaloids
(a-solanine and a-chaconine) had been reported
to contribute flavour to potatoes but at higher
concentrations (>200 mg/kg) caused bitterness
(Friedman 2006) and were toxic to humans
(Ostry et al. 2010). a-Solanine and a-chaconine
appeared to have two main toxic actions, one on
disruption of cell membranes (Roddick et al.
1990; Keukens et al. 1992, 1995, 1996) and
another one on acetylcholinesterase (Huxtable
1992). Symptoms of a-solanine/a-chaconine poi-
soning involve an acute gastrointestinal upset
with diarrhoea, vomiting and severe abdominal
pain (Friedman 2006). The steroidal glycoalka-
loid solamargine caused significant disruption of
phosphatidylcholine/cholesterol liposomes at a
concentration >50 pM, whereas the normally co-
occurring glycoalkaloid solasonine was ineffec-
tive at up to 150 pM (Roddick et al. 1990). In
combination, the two compounds produced a
marked synergism. Synergistic effects were also
observed with certain combinations of these and
potato glycoalkaloids, viz. solamargine and sola-
nine and also solasonine and chaconine.
Keukens et al. (1992) found that glycoalka-
loids a-solanine, a-chaconine, o-tomatine and
the aglycone solanidine were able to interact
strongly with sterol containing membranes,
thereby causing membrane disruption. The order
of potency of the glycoalkaloids was a-tomatine
>a-chaconine>a-solanine. The plant sterols
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[-sitosterol and fucosterol showed higher affinity
for glycoalkaloids as compared to cholesterol
and ergosterol. The mode of action of the gly-
coalkaloids was proposed to consist of three main
steps: (1) insertion of the aglycone part in the
bilayer, (2) complex formation of the glycoalka-
loid with the sterols present and (3) rearrange-
ment of the membrane caused by the formation
of a network of sterol-glycoalkaloid complexes
resulting in a transient disruption of the bilayer
leading to leakage. They found that the most
important properties for sterols to interact with
glycoalkaloids turned out to be a planer ring
structure and a 3 P-OH group, whereas for
a-chaconine the 5-6 double bonds and the
10-methyl group were also of importance. The
importance of sugar—sugar interactions was illus-
trated by the high synergistic effect between
a-chaconine and a-solanine, the leakage enhanc-
ing effect of glycolipids and the almost complete
loss of activity after deleting one or more mono-
saccharides from the glycoalkaloids (Keukens
et al. 1995). They further found that these gly-
coalkaloids specifically induced membrane dis-
ruptive  effects of  cholesterol-containing
membranes as was previously reported in model
membrane studies (Keukens et al. 1996). In addi-
tion, a-chaconine was found to selectively
decrease gap-junctional intercellular communi-
cation. Furthermore, the glycoalkaloids were
more potent in permeabilising the outer mem-
brane of mitochondria compared to digitonin at
the low concentrations used.

Studies by Friedman et al. (1996) found that
feeding of potato, tomato and eggplant alkaloids
affected food consumption and body and liver
weights in mice. The relative liver weights (liver
weight/body weight x 100, %LW/BW) were
lower than that of controls in mice fed the potato
glycoalkaloid a-chaconine (=10 %) for 7 days
with the 2.4 mmol/kg diet dose. Under these
same conditions, %LW/BW was greater than that
of controls in mice fed two aglycones: solanidine
(27 %) and solasodine (8 %). Relative liver
weight increases induced by the aglycones were
determined under time and dose conditions in
which differences in body weight and food con-
sumption were not significant (2.4 mmol/kg diet
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for 28 days). Under these conditions, the observed
%LW/BW increases relative to the controls were
as follows: solanidine (32 %), solasodine (22 %)
and dehydroepiandrosterone (DHEA) (16 %).
Solanidine, solasodine and DHEA were equally
potent and were more potent than tomatidine.
Storage of potatoes at 5 °C increased the propor-
tions of the 4-O-a-p-galactoside of calystegine
B, and the trihydroxylated calystegine A; (Watson
et al. 2000). Mice treated with calystegine Aj
showed vacuolation of Kupffer cells with mini-
mal vacuolation in other histiocytic cells. The
microflora in rumen fluid removed from sheep
previously fed hay reduced calystegines B, and
B, to undetectable levels, but the concentrations
of calystegine A; and the control compound
swainsonine were not affected. There was no
effect on the overall respiratory rate of the micro-
bial population by any of these alkaloids.
Exposure of T84 cultured intestinal epithelial
monolayers to potato glycoalkaloids (solanine
and chaconine) permeabilised the cholesterol-
containing membranes, with chaconine/solanine
1:1 mixture >chaconine > solanine, and led to the
disruption of epithelial barrier integrity in a
concentration-dependent fashion (Patel et al.
2002). In-vivo oral feeding experiments demon-
strated that chaconine/solanine ingestion, at
physiologic concentrations, aggravated histo-
logic colonic injury in mice genetically predis-
posed to developing inflammatory bowel disease
(IBD). Iablokov et al. (2010) demonstrated that
consumption of deep-fried potato skins contain-
ing glycoalkaloids by interleukin 10 gene-
deficient mice significantly elevated levels of
ileal interferon IFN-y relative to controls. Mice in
the dextran sodium sulphate colitis IBD model
that were fed the same strain of potatoes demon-
strated significantly elevated levels of pro-
inflammatory cytokines IFN-y, TNF-a and
IL-17 in the colon in addition to an enhanced
colonic permeability. They concluded that con-

sumption of  potato  skins  containing
glycoalkaloids could significantly aggravate
intestinal  inflammation in  predisposed

individuals.
Studies by Wang et al. (2005) concluded that
exposure of bovine oocytes to potato steroidal
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glycoalkaloids (a-solanine and a-chaconine) dur-
ing in-vitro maturation inhibited subsequent pre-
implantation embryo development. This effect
was significant during the later pre-implantation
embryo development period as indicated by
fewer numbers of expanded and hatched blasto-
cysts produced in the media containing these
alkaloids. They suggested that ingestion of
Solanum species containing toxic amounts of
glycoalkaloids may have negative effects on pre-
implantation embryonic survival.

Hansen (1925) reported the fatal case of two
members of a family of seven after a cooked meal
of greened potatoes, and symptoms sustained
included extreme exhaustion, restlessness, rapid
breathing and loss of consciousness; the loss of six
pigs due to eating sprouted, uncooked potatoes
and the death of 30 chickens that died after con-
suming a large quantity of green potato sprouts.
He also cited Macfayden who demonstrated that
old sprouted potatoes were poisonous to horses.
McMillan and Thompson (1979) reported an out-
break of suspected solanine poisoning in 78
schoolboys who became ill after eating cooked old
potato at lunch. They suffered from diarrhoea,
vomiting and circulatory, neurological and derma-
tological problems, with 17 of the boys being hos-
pitalised. The amount of solanine in potato waste
recovered after the meal was excessive as assessed
by its anticholinesterase activity. The amount of
a-solanine and a-chaconine in the flesh and peel of
potatoes from a bag known to have been left from
the previous term was high. Hellends et al. (1995a)
reported that in Sweden, there were no indications
of serious or widespread adverse health effects in
consumers consuming potatoes with high glycoal-
kaloid levels, although there was circumstantial
evidence that a few cases of temporary gastroin-
testinal disturbances were caused by consumption
of Magnum Bonum potatoes with glycoalkaloid
concentrations in the range 310-1000 mg/kg.

Traditional Medicinal Uses
Fomentations of potato juice followed by an

application of liniment and ointment have been
employed to relieve acute pain in cases of gout,
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rheumatism and lumbago (Grieve 1971). Sprains
and bruises have also been successfully treated
by the potato-juice preparations, and in cases of
synovitis rapid absorption of the fluid has
resulted. Hot potato water has in years past been
a popular remedy for some forms of rheuma-
tism, fomentations to swollen and painful parts,
as hot as can be borne. Uncooked, peeled pota-
toes, pounded in a mortar and applied cold, have
been found to make a very soothing plaster to
parts that have been scalded or burnt. The mealy
flour of baked potato, mixed with sweet oil, is a
very healing application for frostbites. In
Derbyshire, hot boiled potatoes are used for
corns. In Rwanda, potato tuber and carrot are
pounded and the extract taken orally to treat
dyspepsia and as a laxative (Kayonga and
Habiyaremye 1987). In Ethiopia, the leaf extract
is used against bacteria species causing tonsilli-
tis (Desta 1993). In Morocco, a slice of potato is
used to treat bruises, sprain and blisters and a
poultice of potato used to treat fever and sun-
stroke (Bellakhdar 1997). In Cameroon, a mix-
ture of potato tuber, avocado and honey is used
as a poultice topically for injuries and wounds,
and a decoction of carrot, potato tuber, orange
fruit and green clay and honey is taken orally for
cough, asthma and sinusitis (Nnomo et al.
2009).

Other Uses

The tubers are also used as animal feed in parts of
Eastern Europe. Potato starch is used in the tex-
tile, cosmetic, pharmaceutical and paper indus-
tries and in the production of derived substances
such as ethanol glucose (Graves 2001).

Both the potato peel waste and PPW fermen-
tation residue had shown potential based on prop-
erties to be converted into crude biofuel via
thermochemical processes (Liang and McDonald
2014).

Although young potatoes contain no citric
acid, the mature tubers yield enough even for
commercial purposes, and ripe potato juice is an
excellent cleaner of silks, cottons and woollens
(Grieve 1971).
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In pure form, both potato glycoalkaloids,
a-solanine and a-chaconine, deterred snail (Helix
aspersa) feeding, with chaconine being the more
active compound (Smith et al. 2001). In combi-
nation, authentic solanine and chaconine inter-
acted synergistically in their inhibition of feeding.
Comparison of data from peel extracts of all three
potato varieties and authentic glycoalkaloids
indicated that the level of feeding inhibition by
the extracts was, at least in part, a consequence of
a synergism between solanine and chaconine.

Studies by Okeke and Frankenberger (2005)
found that potato peel waste in combination with
amylolytic microorganisms (Citrobacter sp. S4,
Streptomyces sp. S2, Flavobacterium sp. S6,
Pseudoxanthomonas sp. S5, Streptomyces sp. S7
and Aeromonas sp. S8) and Dechlorosoma sp.
could be economically used to achieve complete
perchlorate removal from water.

Comments

The leading potato-producing countries in the
world based on 2013 production (tonnes)
(FAOSTAT 2014) are China, 88,925,000; India,
45,343,600; Russian Federation, 30,199,126;
Ukraine, 22,258,600; USA, 9,843,919; Germany,
9,669,700; Bangladesh, 8,603,000; France,
6,975,000; Netherlands, 6,801,000; Poland,
6,334,200; United Kingdom, 5,580,000; and
Iran, 5,560,000.
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