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14.1 Introduction
Potatoes were domesticated between 7000-10 000 years ago, likely around Lake Titicaca,
an alpine lake at 12 500 feet in the Andes between Peru and Bolivia (Spooner et al., 2005).
Potatoes may contain more genetic diversity than any other crop and this may reflect the ability o
potatoes to grow in remarkably divergent environments, from and alpine highlands to tropical
rainforests to permafrost soils just below the Arctic Circle and even on tree branches (Hawke.
1990). This genetic diversity is a valuable resource towards further improving tuber nutritional
less
content, especially when taking into account that modern cultivars are estimated to contain
than 1% of the available genetic diversity of wild species. About 200 wild potato species exil.
in addition to thousands of primitive varieties. Potatoes are the fourth most grown crop in the
world, after the cereals rice, wheat, and maize and are the only major food crop that is a tuber.
Potato tubers are highly specialized organs evolved to improve a plant's chances of survival
and to allow vegetative reproduction. Tubers are not derived from roots, but are modified stems.
originating on stolons from axillary buds on the underground part of the stem (Ewing and
Struik, 1992; Fernie and Willmitzer, 2001; Jackson, 1999). The fact that tubers are modified
stems influences tuber characteristics and chemical composition. For example, the greening of
tubers that occurs on exposure to light in which amyloplasts in the tuber parenchyma redifferentiate into chloroplasts (Deng and Gruissem. 1988), reflects the stem origin of the tuber.
Tubers are metabolically active, contain an abundant amount of plastids and synthesize numerous compounds derived from plastidic biosynthetic pathways. Indeed, the complex metabolite
simple organs containing starch and not
composition of tubeN bel ie their n i kperceptiofl I' l l,
much else.
In fact, tubers contain plentiful amounts of small molecules and secondary metabolite, ,. which
of key tuber processes from regulating tuber organogeneSiS to mediating
have roles in an arra y
,

Cop) righl ) 2009 h1svicr Lti. All ri g ht, rCsel\L'd

395

i

396 Chapter 14

responses to the environment. Moreover, many of these compounds have positive effects on
human health and are highly desirable in the diet (Flamini, 2003; Katan and De Roos, 2004).

14.2 The Dietary Importance of Potatoes
Potatoes are uniquely positioned to be a valuable source of dietary vitamins, minerals, and
phytonutrients because of their per capita consumption. In most of the developed world, potatoes
are by far the most eaten vegetable (Figure 14.1). Because of this high consumption the vitamin
and phytonutrient content of potato will have much more dietary relevance and impact than
foods eaten in sparse quantities. Moreover, in the developing world, potato consumption is
increasing at about 5% a year and in 2005 the developing world for the first time produced more
potatoes than the developed world. China and India produce about one third of the world's
potatoes.
Potatoes yield more calories per acre than any other major crop, a criterion that becomes even
more important in light of the planet's ever-increasing population, food shortages, price spikes,
and the recent competition for farmland by biofuel crops. Collectively, these facts emphasize
the impact potatoes can have on global nutrition.
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Figure 14.1: Per capita consumption of potatoes in 17 countries in 2005. Based on numbers
reported by the Food and Agricultural Organization of the United Nations.
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14.3 Popular Diets and Potato Consumption
Unlike during most of its long gastronomic history, the nutritional qualities of potatoes are
perhaps currently under-appreciated due to negative publicity from various sources, such as
low-carbohydrate diet advocates. The recent popularity of low-carbohydrate diets has impacted
consumption of traditional staples such as potatoes, rice, bread, and pasta. Million dollar
marketing campaigns have been launched in recent years to promote the nutritional advantages of potato, including the British Potato Council's 'Fab not Fad' marketing campaign that

I

aggressively criticized 'fad diets.'
Recent years have shown that consumer perception about the nutritional value of potatoes
impacts sales and strongly suggests that perceived nutritional value is a very important trait for
any vegetable, especially potatoes given the recent negative publicity. A growing number of
consumers appear increasingly interested in the medicinal benefits of foods and the relationship
between diet and health. It has been estimated that one third of Americans take a daily vitamin or
dietary supplement and annual supplement sales in the US top 18 billion dollars. Furthermore,
in the years ahead, medical research will discover much more about which plant nutrients have
positive effects on health, drawing more attention to the diet—health link.
Generally, crops have been bred and selected primarily for traits such as yield, disease resistance, and appearance. Historically, little effort has been directed towards increasing the nutriti\ c
value of any crop for reasons including that there were more pressing issues, plus the daunting technical difficulty of such an undertaking. With most crops, including potatoes, nutrient
profiles are available only for a few varieties. Thus, surprisingly little is known about just what
vitamins and nutrients are in potatoes. Which varieties have the most? Can new varieties he
developed that have even more? Answering these types of questions has been made easier due
to recent technological advances, like high-throughput assa y s, affordable and powerful mass
spectrometers, and myriad molecular hiological tools.

14.4 Tuber Composition
SC\ era! perPotatoes are approximately 80c/ ater and 2() solids, although this can vary hv
centage points depending on the cultivar. Of the 20 grams of solids in a 100 gram tuber, about
grams are carbohydrate and 2 grams protein. The primary storage proteins in tubers are patatins.
which account for 40% of the soluble protein content (Prat, 1990). Potatoes are a good source
of many vitamins and minerals; if one compares percentage of recommended daily allowance
(RDA) of calories in a given portion size versus the percentage of the RDA of vitamins and
minerals in that same portion, many vitamins and minerals exceed the percentage of calories.
For example, according to the USDA nutrient database, 100 grams (3.5 ounces) of potatoes
contains 4% of the RDA calorie intake, 33% of the RDA of vitamin C. the most abundant
vitamin in potatoes and 12% of the RDA for potassium.
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In addition to vitamins and minerals, tubers contain a complex assortment of other small
molecules, many of which are phytonutrients. These include polyphenols, flavonols, anthocyanins, phenolic acids, carotenoids, polyamines, glycoalkaloids, tocopherols, calystegines,
and sesquiterpenes.

14.5 Vitamin C
Potatoes are a well-known source of vitamin C, with a medium red-skinned potato (173 grams)
providing about 36% of the RDA according to the USDA databases. Vitamin C has a major
role in detoxifying reactive oxygen species in plants, which are the primary source of vitamin
C in the human diet. Leafs and chloroplasts can contain 5 to 25 mM L-ascorbate, respectively
(Wheeler et al., 1998). Plants may have multiple vitamin C biosynthetic pathways, with all of
the enzymes of the L-galactose pathway recently characterized (Laing et al., 2007; Wolucka
and Montagu, 2007). Vitamin C is a cofactor for numerous enzymes, functioning as an electron
donor. The best known symptom of vitamin C deficiency is scurvy, which in severe cases is
typified by loss of teeth, liver spots, and bleeding.
One study examined tuber vitamin C content in 75 genotypes and found concentrations ranging
from 11.5 to 29.8 mg/lOO g FW (Love et al., 2004). This study also reported that some genotypes
had more consistent concentrations of vitamin C than others across multiple years or when grown
in different locations and suggests that the year may have a bigger effect than location. A British
study measured vitamin C in 33 cultivars grown in three locations around Europe (Dale et al.,
2003). If these author's results in dry weight are converted to fresh weight assuming potatoes are
80% water, a range of 13-30.8 mg vitamin C per 100 grams FW is obtained, which is consistent
with the Love et al. report.
Numerous studies have shown that vitamin C levels decrease rapidly during cold storage of
potatoes and losses can approach a 60% decrease (Keijbets and Ebbenhorst-Seller, 1990).
After placing 33 genotypes in cold storage for 15-17 weeks, Dale et al. found substantial
decreases in vitamin C compared to pre-storage (Dale et al., 2003). Vitamin C decreases
ranged from 20-60% depending on the genotype. The authors make the important point that
breeding efforts to increase vitamin C should focus on post-storage content and that in most
cases this is more relevant than fresh-harvest concentrations. This will be truer for countries
that place a majority of the potato harvest in cold storage than for developing countries that
make limited use of cold storage and for which post-harvest loses consequently should be
less.
A Turkish study examined the effect of freeze-storing peeled, blanched then fried potatoes and
found a 10% loss of vitamin C after 6 months of storage at —18°C (Tosun and Yiicecan, 2008).
However, a 5 1 % loss was caused by the pre-freezing operations, which sounds a cautionary
note about the importance of how potatoes are handled during processing. Some of our own
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cooking studies with skin-on potatoes using microwaving, steaming, baking, and boiling have
shown a negligible loss of vitamin C. Thus, in the absence of cultivars with stable vitamin C
levels during cold storage, one solution that may help to minimize post-harvest loss of vitamin
C for some commercial products would be minimally destructive cooking of tubers shortly after
harvest, followed by flash-freezing of the product.
Wounding can substantially increase vitamin C levels. A study examined changes in vitamin C
after storing potatoes for 2 days following slicing or bruising, and measured a 400% increase
in vitamin C in sliced tubers, but a 347% decrease in bruised tubers (Mondy and Leja, 1986).
Vitamin C levels in fresh-cut potatoes stored in air were found to increase, whereas levels
decreased in those stored frozen or under a modified atmosphere (Tudela et al., 2002b). These
and similar results suggest that wounding of potatoes can be used to substantially increase
vitamin C in commercial products. However before this is likely to be widely adopted as a
strategy to increase vitamin C, a method must be found to decrease the browning that can occur
in cut tissue and which consumers find undesirable.

14.6 Folate
Folates (vitamin 139) is a generic name commonly used to design tetrahydrofolate (THF) and its
one-carbon (C 1) unit derivatives (Figure 14.2). Folates are important cofactors involved in C
unit transfer reactions. Two crucial pathways occurring in mammalian and plant cells that involve
C unit transfer reactions are DNA biosynthesis and the 'methylation cycle' (Scott, 1999).
Folates are essential micronutrients in the human diet. indeed, while plants and microorganisms
can synthesize folates, humans lack this abilit y and require a dietary supply. Plants represent
the major source of folate in the did.
14.6.1

Importance of potato folate in the diet

Potato is a well-known significant source of folates in the diet due to its high level olconsuniption
more so than for its endogenous content. in the Netherlands, Brussaard et al. (1997) reported
that potatoes, among vegetables, were the most important source of folate in the diet, supplying
10% of the total folate intake. Potatoes were the third most important overall source of folate
in the Dutch diet, providing 7% of the total folate intake (Konings et al., 2001). Potatoes
provided 9-12% of the total folate intake in a Norwegian study (Brevik et al., 2005). In Finland,
potatoes were among the best source of folate in the diet (Vahteristo et al., 1997) providing
— 10% of the total folate intake (Alfthan et al., 2003). In a Spanish subpopulation, potatoes
provided 3.6% of the total folate intake (Plannels et al.. 2003). Hatzis et al. (2006) examined
the association between serum folate status and food consumption in a Greek population and
showed that increased consumption of potatoes was associated with decreased risk for low serum
fol ate.
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Figure 14.2: Chemical structure of folates. Folate molecules consist of pteridine, paraaminobenzoate (pABA), and glutamate moieties. Plants usually contain polyglutamylated forms
of folates that are made by the addition of up to about six glutamate residues (which form the
,y-glutamate tail) attached to the first
glutamate, each linked by amide bonds to the preceding
molecule of glutamate through they-carboxyl of the latter. Cl units at various levels of oxidation
can be attached to N5 and/or N1 0, as indicated by R 1 and R2.

14.6.2 Folate concentrations in potato and other crops

Several studies reported folate concentrations in potatoes of usually unspecified genotypes
and the reported values can vary substantially depending on the analytical method used
(Konings et al., 2001). Values for folate concentrations in mature raw potato vary between
12 and 37g/l00g FW (Holland et al., 1996; Konings et al., 2001; Vahteristo et al., 1997)
except in a study by McKillop et al. (2002) who reported an exceptionally high folate concentration (125 ig/100g FW). The USDA National Nutrient Database for Standard Reference
(5R20) gives values of 14 and 18 pg/l00 g FW for raw potatoes. Recently, we determined total
folate concentrations of potato tubers from >70 cultivars, advanced breeding lines, and wild
species and found values ranging from 0.46 to 1.37 pg/g DW or 11 to 35 g/l00g FW (Goyer
and Navarre, 2007 and unpublished). Seven of the top ten varieties were yellow-fleshed, two
were red-fleshed and one was white-fleshed. Yellow color was not always associated with high
folate content since yellow-fleshed cultivars covered the whole range of folate concentrations.
Cultivars Winema and Ranger Russet had the highest amounts of folate among white-fleshed
cultivars (0.95 and 1.04 pg/g DW, respectively). Among the top yellow cultivars were Golden
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Sunburst, Satina, and Carola (1. 19, 1.25, and 1.37 Fig1g DW, respectively). Colorado R
was the top red-fleshed cultivar (1.03 ig/g DW). Also in the top 10 were breeding lines fro
Washington, Oregon, and Colorado. Genotypes Solanum pinnatisectum and Gayna had 11,
highest folate concentrations among wild species and primitive germplasm (0.99 and 1.05
DW) and S. pinnatisectuni also had the highest folate content of all genotypes analyzed on a
fresh weight basis (0.35 Fig1g FW). Despites the small number of wild species analyzed (12),
an approximately two-fold difference between the lowest and the highest genotypes was found,
suggesting that among the large number of existing indigenous potato species there might he
some with even higher folate concentrations.
Potato is in the lower range of folate contents among plant foods (Table 14.1) as are other
underground organs, ranking ahead of polished rice but behind green leafy vegetables and
pulses. A number of factors may affect the bioavailability of folates from plant foods. These
Table 14.1: Folate content in various plant foods. All values are given for raw food. References for
the lowest and the highest folate content values are indicated
References
Folate content (Fig 100/g FW)
Crop
Rice (white unenriched)
Sweet potato
Onions
Tomato
Potato
Banana
Carrot
Corn (yellow)
Orange (peeled)
Cassava
Peas (green)
Strawberry
Snap beans
Wheat (hard, white)
Lettuce (fresh)
Corn (sweet, white or yellow)
Rye (grain)
Wild rice
Broccoli
Spinach
Peanut
Lentils
Beans (navy, pinto, Great Northern)

6-9
11
10-19
8-30
11 -3 7 (125? Ref. 5)
13-20
16-19
19
18-30
27
25-65
13-96
37
38
38-43
46
60-78
95
63-114
1 00-1 94
110-240
151-479
143-525

2, 1
2, 1
3, 4, 5
6, 1
6, 1
2, 1
7, 1
8

1,2
1,9
1,6
2, 1
4,1
7, 1
7,1

References: 1, The USDA National Nutrient Database for Standard Reference (5R20) http.//vww.ars.usda.gov/
main/site_main. htm ?modecode 12354500; 2, Konings et al., 2001; 3, Gayer and Navarre, 2007; 4, Holland et al
1996; 5, McKil/op etal., 2002; 6, Vahteristo etal., 1997; 7, Han and Tyler, 2003; 8, Tulipani etal., 2008; 9, Kariluoto
etal., 2001.
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include the instability of certain labile folate derivatives during digestion, the food matrix,
the presence of food constituents that may enhance folate stability during digestion, and the
efficiency of intestinal deconjugation of polyglutamylated fol ates to monogl utamates for normal
absorption in the proximal small intestine.
14.6.3 Folate derivatives composition and glutamylation levels in potato tubers

All native reduced folate derivatives are very sensitive to oxidative cleavage at the C9 and
N10 bond (Figure 14.2), however there are marked differences in stability of those species.
5-formyl-THF being the most stable natural folate, THF the least, and 5-methyl-THF
intermediate (Forssén et al., 2000). Polyglutamates must be hydrolyzed to the respective monoglutamylated forms by folate deconjugase before absorption by the intestine,
but it remains controversial whether polyglutamates are less bioavailable than monoglutamates (McNulty and Pentieva, 2004). Vahteristo et al. (1997) determined that
raw potatoes contained 21 pg/100g FW of 5-methyl-THF, 3 pg/100g FW of THF,
and traces of 10-formyl-folic acid, an oxidation product of 10-formyl-THF. Konings
et al. (2001) showed that >95% of folates were present as a 5-methyl-THF derivative in potato
tubers, the rest comprising 1 0-formyl-folic acid and folic acid, and that total folate derivatives
were >90% polyglutamylated. Therefore, polyglutamylated forms of 5-methyl-THF seem to
constitute most of the folate pool in potato tuber as is the case in most fruits and vegetables
(de Ia Garza et al., 2004; Freisleben et al., 2003; Konings et al., 2001; Orsomando et al., 2005;
Storozhenko et al., 2007; Vahteristo et al., 1997).
14.6.4 Food matrix

Folates can be covalently bound to macromolecules of the food matrix and entrapped folates
must be released from plant cellular structure before absorption by the intestine. There is little
information on how much matrix-bound folates are in potato. While Konings et al. (2001)
reported that the addition of protease and amylase did not significantly increase folate content
values in potato, we found that protease treatment followed by amylase and conjugase gave
folate values '-20% higher than when protease treatment was performed last, indicating that
a significant amount of protein-bound folates became accessible to conjugase after protease
treatment (Goyer and Navarre, unpublished).
14.6.5 Stabilizers

Some dietary constituents may protect folate against degradation during digestion (as well as
during processing and cooking). Binding of folates to folate-dependent proteins (e.g. T-protein
of glycine decarboxylase) greatly improves their stability (Rébeillé et al., 1994). Antioxidants
such as ascorbic acid or thiol compounds also protect folates against oxidative degradation
(McNulty and Pentieva, 2004). It is noteworthy that potato is a good source of vitamin C.
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14.6.6

Effect of storage, processing, and cooking on folates

A significant amount of literature exists regarding the effects of storage, processing, and cooking
on folate retention in some vegetables, legumes, and cereals (Kariluoto et al., 2006; MelseBoonstra et al., 2002; Scott et al., 2000; Strâlsjö et al., 2003). In contrast, there is little information
on the effects of storage and processing on folate contents in potato and most of the available
information concerns the effect of cooking. McKillop et al. (2002) showed that boiling of whole
potatoes for 60 minutes resulted in a less than 20% decrease in folate content whether or not
skin was retained during boiling. Konings et al. (2001) reported folate concentrations for cooked
French fries, boiled potatoes and fried potatoes that were similar to those in raw potatoes (161/c
increase, and 25 and 8% decreases, respectively).
Earlier reports by Vahteristo et al. (1997) showed 35 and 52% decrease in French fries and
boiled potato compared to raw potatoes. Augustin et al. (1978a) examined the effect of four
cooking methods on folate concentrations in four different potato cultivars and showed that
overall retention of folate was >70%. However, retention was cultivar-dependent, Norchip and
Pontiac having the lowest retention values (e.g. 46% for boiled, peeled, Pontiac samples) and
Russet Burbank and Katandin the highest. Boiled, peeled samples had consistently lower folate
concentrations than boiled unpeeled samples. In addition to its positive effect on folate retention,
skin has higher folate concentrations than flesh (Augustin et al., 1979; Goyer and Navarre, 2007).
The highest retention values were always obtained from unpeeled boiled or microwaved samples.
with a few cases where boiling or microwaving led to an increase in folate concentrations
compared to raw tubers (maximum 111% increase). Oven-baked potatoes had the Io\vcl O\ erall
retention values.
14.6.7

Strategies towards improving folate content and bioavai!ability in plant foods

Folate deficiency is associated with the increased risk of neural tube defects (spina bitida.
anencephaly), cardiovascular diseases, megaloblastic anemia, and some cancers (Bailey et al.,
2003; Finglas et al., 2006; Scott et al., 1999). Unfortunately, folate intake is suboptimal in most
of the world's populations, even in developed countries (Scott et al., 2000). Therefore there is
an urgent need to increase folate content and bioavailability in staple foods. Because of its large
consumption worldwide, potato is an appealing target for enrichment.
Folate biosynthesis has been well delineated in recent years, enabling metabolic engineering of
the pathway. Successes in enhancing folate production in tomato fruit and rice grain by overexpressing the first enzyme of both the para-aminobenzoic acid and the pteridine branches
of the folate pathway were recently reported (Diaz de la Garza et al., 2007; Storozhenko
et al., 2007), and the strategy is well in place to be implemented in other crops such as potato
tubers which contain all the genes necessary for folate biosynthesis. Other possible strate(Basset et al.. 2(fl)5:
gies for metabolic engineering were decnbd in detail in recent ievie
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Bekaert et al., 2007; Rébeillé et al., 2006) and include increasing the proportion of 5-formylTHF, the most stable natural folate, sequestering folates into vacuoles, increasing folate salvage
capacity or over-expressing folate-binding protein of plant (yet to be identified) or mammalian
(Jones and Nixon, 2002) origin in plant cells.
Natural variation of folate concentration among gcrmplasm within a species has been reported
for a number of crops and could be exploited in breeding programs to increase folate concentrations in crops. We showed an approximately three-fold difference in folate values amongst
>70 potato genotypes (Goyer and Navarre, 2007). An -7.5-fold difference in folate values was
reported amongst nine strawberry genotypes (Tulipani et al., 2008). Smaller variations were
reported for pulses and rye (Han and Tyler, 2003; Kariluoto et al., 2001) but only very few
genotypes were analyzed in each case.
Household strategies to improve the hioavailability of folates from foods have been suggested
especially for developing countries where folic acid supplementation and food fortification
remain far from accessible (Gibson et al., 2006). Thermal processing generally increases the
digestibility of proteins and carbohydrates and therefore the release of folates from the food
matrix. Combining ingestion of certain foods in the diet, for instance foods rich in antioxidants,
may also improve the stability of folates. Various potato germplasni has markedly different
antioxidant properties (Brown et al.. 2005; Dale et al., 2003) and consumption of high antioxidant
genotypes, independently of their endogenous folate contents, may provide larger amounts of
bioavailable folates than those with lower antioxidants contents.

14.7 Vitamin B6
Like fo]ate and vitamin C, vitamin B6 (pyroxidine) is water soluble and like folate has several vitamers. Vitamin B6 may be involved in more bodily functions than any other nutrient
(Tambasco-Studart et al., 2005), is a cofactor for many enzymes, especially those involved
in protein metabolism, and is also a cofactor for folate metabolism. Vitamin B6 has anticancer activity (Theodoratou et al., 2008), is a strong antioxidant (Denslow et al., 2005). is
involved in hemoglobin biosynthesis, lipid and glucose metabolism and immune and nervous
system function. Possible consequences of deficiency include anemia, impaired immune function, depression, confusion, and dermatitis (Spinneker et al., 2007). Vitamin B6 deficiency
is generally not a problem in the developed world, but there could be as yet poorly defined
consequences of suboptimal intake particularly for the elderly.
Potatoes are an important source of dietary vitamin B6 (Kant and Block, 1990) with a medium
baked potato (173 grams) providing about 26% of the RDA (USDA National Nutrient Database
SR20). Very little research has been conducted on this vitamin in potato, thus little is known
about how much its concentrations vary among genotypes; ranges of 0.26-0.82 mg/200 g FW
have been reported (Rogan et al., 2000). One study found that its concentration increased during
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storage (Augustin et al,, 1978) and that losses were less than 10% during cooking (Augustin
et al., 1980).
Recently much has been learned about vitamin B6 synthesis in plants including identification
of the key genes PDXI and PDX2 (Tambasco-Studart et al., 2005). Such information should
enable new approaches to further enhance vitamin B6 concentrations in potatoes.

14.8 Glycoalkaloids
Potentially toxic compounds called glycoalkaloids (GAs) are found in many members of the
Solanaceae, including potatoes, eggplants, and tomatoes. GAs are secondary metabolites and
their role in plants is to contribute to pest and pathogen resistance. From a dietary standpoint.
GAs are regarded as anti-nutritive compounds capable of causing vomiting and other ill effects
if ingested in high enough amounts (Hopkins, 1995; McMillan and Thompson, 1979). Another
undesirable trait is that GAs can contribute a bitter taste at higher concentrations (Sinden et al.,
1976). Newly developed potato varieties in the United States must contain less than 2O mg/ lOO
gram fresh weight (FW) of total GAs (Wilson, 1959) but the guidelines established in other
countries vary. However, as discussed below, the assumption that GAs are categorically undesirable in the diet is complicated by recent studies that show some GAs have health-promoting
effects. Thus a more nuanced approached to tuber GA content may he in order.
14.8.1 Glycoalkaloid biosynthesis
Potato GAs are steroidal alkaloids comprised of a heterocyclic nitrogen, and a C27 steroid
conjugated to a sugar moiety, most commonly a tn- or tetrasaccharide. The GA biosynthetic
pathway is not fully delineated, even for solanine and chaconine, the major potato GAs. GAs are
derived from the mevalonate pathway via cholesterol (Heftmann, 1983; Johnson et al., 1963),
occur throughout the tuber, but are primarily synthesized in the phelloderm (Krits et al., 2007).
The nitrogen is suggested to be derived from arginine (Kaneko et al., 1976). GAs are found
in much higher concentrations in leaves, sprouts, and fruit than in tubers. GA concentrations
approaching 18 grams/kg FW have been reported in sprouts (Valkonen et al.. 1996).
Much remains to be elucidated about the genes and enzymology involved in conversion
of cholesterol into the various GAs. Various glycosylation steps and several glycosyltransferases have been characterized or cloned (McCue et al., 2007; Moehs et al., 1997; Stapleton
et al., 1991; Zimowski, 1991). Identification of these GA biosynthetic genes has enabled transgenic approaches to decrease potato GA content. Potatoes overexpressing a soybean sterol
methyltransferase exhibited decreased amounts of GAs (Arnqvist et al., 2003), while antisense
expression of several potato steroidal glycosyltransferases reduced GA levels (McCue et al.,
2005, 2007).
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Figure 14.3: Potato glycoalkaloids. (a) is tomatine, a spirosolane and (b) solanine, a solanidane.

14.8.2 Types ofpotato GAs
Potato GAs usually belong to one of two structural types, either solanidanes or spirosolanes
(Figure 14.3). Solanine and chaconine, both solanidanes, often comprise upwards of 90% of
the total GA complement of domesticated potatoes, with chaconine often more abundant than
solanine (Griffiths et al., 1997; Sotelo and Serrano, 2000).
Many in the potato industry may be familiar only with solanine and chaconine, but estimates
have been made that the potato family, including wild species, may contain about 90 GAs
(Friedman and McDonald, 1997). In the course of LCMS characterization of small molecule
diversity in tubers from diverse potato germplasm, we observed that GAs constituted a major
source of diversity.
Mass spectrometry is well suited to GA analysis and is much more selective and sensitive than
many methods used to analyze GAs. In our study of tubers from four wild potato species and three
cultivars, about 100 GAs were tentatively identified (Shakya and Navarre, unpublished results).
This number of GAs was unexpected, especially when considering only seven genotypes were
analyzed and that only tubers were used, which have much lower GA concentrations than leaves,
sprouts, flowers, or leaves. Consequently, potatoes may have a much greater diversity of GAs
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than previously realized. This GA diversity may offer opportunities for the production of future
varieties with a more optimal GA compliment. The predominance of solanine and chaconine in
modern Western cultivars may be due to the fact that only a tiny percentage of available potato
germplasm was used in the breeding of these cultivars and reflects something of a bottleneck in
the genetic diversity of commercial cultivars.

14.8.3 Toxic effects of GAs
The effects on humans of eating potatoes with high GA concentrations have been well documented (Friedman, 2006). Symptoms can include cramping, diarrhea, vomiting, sweating, rapid
pulse, and coma. The physiological effects of GAs are mainly a consequence of their disruption
of cell membranes and inhibition of cholinesterase activity. Estimates have varied about the
amount of GAs needed to be ingested to have toxic effects, with 1-5 mg/kg of body weight
one suggested range, which is roughly equivalent to that of strychnine (Mensinga et al., 2005:
Morris and Lee. 1984). Doses as low as 5-6 mg/kg body weight may he lethal (Morris and Lee.
1984).
Chaconine is more toxic than solanine and these two GAs become less toxic with progressive
loss of sugars, with the aglycone being the least toxic (Friedman and McDonald, 1997). An
important determinant of GA cholinesterase inhibitory activity seems to be the E and F rings
of the aglycone (Roddick et al., 2001). In general solanidanes seem to be more toxic than
spirosolanes. Friedman has suggested replacing solanidine and chaconine in potatoes with the
less toxic tomatine (Friedman, 2002), which also has health-promoting properties. Such a goal
could perhaps be accomplished by transgenic approaches or b y identifying potato genotpe
with low solanidine/chaconine and high tomatinc.

14.8.4 Health-promoting effects of GAs
Health-promoting effects of GAs have been reported for several decades, such as inhibition 01
mice sarcoma tumors by a solamarine (Kupchan et al., 1965). The spirosolane, solasodine, may
protect against skin cancer (Cham, 1994). Recent studies have convincingly shown that some
GAs have anticancer properties. GAs including tomatine, solanine, and chaconine were shown to
inhibit growth of human colon and liver cancer cells in cell culture assays (Friedman et al., 2005:
Lee et al., 2004) with a potency similar to the anticancer drug adriamycin. Anticancer effects
were also seen in assays using cervical, lymphoma, and stomach cancer cells and treatments
using two or more GAs suggested both synergistic and additive effects (Friedman et al., 2005).
A key question that cannot be answered using cell culture assays is whether dietary GAs can
have similar effects. Importantly, evidence that dietary tomatine is effective against cancer wa
shown in a feeding study using rainbow trout, in which reduced tumor incidence was found
in tomatine-fed trout (Friedman et al. 2007) Tomaticline has potential as a chemosensitizin
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agent. increasing the effectiveness of cancer chemotherapy by inhibiting multidrug resistance in
human cancer cells (Lavie et al., 2001). Lung cancer is the most frequent cause of cancer-related
death, in part because of its propensity to metastasize before the cancer is diagnosed. Using a
human lung cancer cell line, a-chaconine was shown to reduce metastasis and it was suggested
this may allow new chemotherapeutic approaches (Shih et al., 2007).
A separate study showed that solamargine, a glycoalkaloid found in some potatoes, increased
the susceptibility of two different types of human lung cancer cell lines to several anticancer
drugs (Liang et al., 2008). Beyond potential anticancer efficacy, GAs have been shown to boost
the immune response. Mice fed GAs were more resistance to infection by Salmonella (Gubarev
et al., 1998) and tomatine was demonstrated to potentiate the mice immune response to vaccines
(Rajananthanan et al., 1999). GAs are reported to inactivate several types of herpes viruses
(Chataing et al., 1997).
Much more medical information about the bioavailability, dietary relevance and both positive
and negative effects on health of individual GAs must be obtained before it will he possible to
develop potatoes with an optimal GA compliment.

14.9 Potato Minerals
A wide range of mineral elements occurs in fruits and vegetables, which are a primary dietary
source. Minerals can generally be classified as major minerals such as calcium (Ca), potassium
(K), magnesium (Mg), sodium (Na), phosphorus (P), cobalt (Co), manganese (Mn), nitrogen
(N), chlorine (Cl), and nutritionally essential minor and trace minerals such as iron (Fe), copper
(Cu), selenium (Se), Nickel (Ni), lead (Pb). sulfur (S), boron (B), iodine (I), silicon (Si), bromine
(Br). The importance of optimal mineral intake to maintain good health is widely recognized
(Avioli, 1998).
Potatoes are an important source of different dietary minerals. Potato is listed as providing 18%
of the RDA of potassium, 6% of iron, phosphorus and magnesium, and 2% calcium and zinc.
Retention of most minerals is high in boiled potatoes cooked with skin (True et al., 1979).
Baking a potato with the skin is a good cooking method to retain minerals.
There are significant differences in major and trace mineral contents amongst different genotypes
of potato (Randhawa et al., 1984; True et al., 1978). Potassium levels varied the most and
manganese the least. In a study of 74 Andean landraces, the iron content ranged from 29.87
to 157.96 1g/DW, the zinc content from 12.6 to 28.83 g/g DW, and the calcium content from
271.09 to 1092.93 pg/g DW (Andre et al.. 2007).
Many factors affect the mineral composition of potatoes, for example location, stage of development, soil type, soil pH, soil organic matter, fertilization, irrigation, and weather. Genotypic
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variation is also important. Cationic mineral content in Arabidopsis is genetically controlled
and candidate genes identified are cation transporters (Vreugdenhil, 2004). The same genotypes
grown in different locations may have different mineral concentration due to environmental
interactions (Burgos et al., 2007).
Potassium, phosphorus, calcium, and magnesium concentrations changed with irrigation and
fertilization in physiologically mature tubers (Ilin et al., 2002). The total concentration of iron.
calcium, and zinc increased with application of fertilizers whereas the content of phosphorus
and molybdenum was reduced (Bibak et al., 1999; Frossard et al., 2000). The wide range of
mineral content reported in potatoes may not only be due to genotype and environmental factors,
but also sampling issues.
14.9.1 Potassium
In terms of mineral content, potato is best known as an important source of dietary potassium.
which plays a fundamental role in acid—base regulation and fluid balance and is required for
optimal functioning of the heart, kidneys, muscles, nerves, and digestive systems. Health benefits
of sufficient potassium intake include reduced risk of hypokalemia, osteoporosis, high blood
pressure, stroke, inflammatory bowel disease (IBD), kidney stones, and asthma. A high intake
of potassium and low intake of sodium have been hypothesized to reduce the risk of stroke
(Larsson et al.. 2008; Swain et al., 2008). However, most American women 31-50 years old
consume no more than half of the recommended amount of potassium and men's intake is only
moderately higher (IOM, 2004).
Potatoes qualify for a health claim apprued by the U.S. Food and Ding Administration, which
states: 'Diets containing foods that are good source of potassium and that are low in sodium ma\
reduce the risk of high blood pressure and stroke.' Potatoes rank highest for potassium content
among 20 most frequently consumed raw vegetables and fruits (source: US Potato Board; DHHS
FDA). Potassium varies from 3550-8234 pg/g FW (Casaflas et al., 2002; Rivero et al., 2003:
Sánchez-Castillo. 1998). One report listed potassium as low as 5.6 ig/g FW (True et al., 1978
Potassium content increases during the entire growing season (Lisinka and Leszczynski, 1981).
On average one baked potato (156 g) contains 610mg potassium (USDA/HHS, 2005). This
an even higher amount than in banana, a food often recommended by dieticians to people wh
need to supplement potassium consumption. The dietary reference intake of potassium for adult
men and women is 3000-6000mg per cla y . The US National Academy of Sciences recent l\
at lc:it I70() 111L PI da\.
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14.9.2 Phosphorus
Besides potassium, phosphorus is the main mineral present in the tubers. It has many roles in
the human body and is a key player for healthy cells, teeth, and bones. Inadequate phosphorus
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intake results in abnormally low serum phosphate levels, which affect loss of appetite, anemia, muscle weakness, bone pain, rickets osteomalacia, susceptibility to infection, numbness
and tingling of the extremities, and difficulty walking. In potatoes phosphorus ranges from
'--1300-6000 ig/g DW (Lisinka and Leszczynski, 1989; Randhawa, 1984; Sánchez-Castillo,
1998). Daily requirements are 800-1000 mg.
14.9.3 Calcium

Potatoes are a significant source of calcium, with a wide range reported. Two studies reported
calcium content up to 130 mg/ 100 DW and 455 mg/kg FW (Lisinka and Leszczynski, 1989;
Randhawa, 1984). Among 74 Andean landraces, calcium ranged from 271-1093 1g/g DW
(Andre et al., 2007a). Wild Solanum species vary in the ability to accumulate tuber calcium
(Bamberg, 1998). High levels of tuber calcium are associated with resistance to pathogens
(McGuire, 1986) and abiotic stress (Tawfik, 1996). Calcium is important for bone and tooth
structure, blood clotting, and nerve transmission. Deficiencies are associated with skeletal malformations and blood pressure abnormalities. The RDA for calcium is set at levels to reduce
osteoporosis (Bachrach. 2001; Bryant et al., 1999) and varies depending on age and gender, but
for young adults is 1300 mg.
14.9.4 Magnesium

Potato magnesium levels range from 142 to 359 pg/g FW (Casañas et al., 2002; Rivero et al.,
2003). Magnesium is required for normal functioning of muscles, heart, and immune system.
Magnesium also helps maintain normal blood sugar levels and blood pressure. The RDA for
magnesium is 400-600 mg.
14.9.5 Manganese

The range of potato manganese content has been reported from 0.73-3.62 p.g/g FW (Rivero
et al., 2003) to 9-13 ig/g DW (Orphanos, 1980). Manganese has a role in blood sugar regulation,
metabolism, and thyroid hormone function. Recommended daily intake in the USA is 2-10 mg.
14.9.6 Iron

Iron deficiency affects more than 1.7 billion people worldwide and has been called the most
widespread health problem in the world by the World Health Organization. Due to severe iron
deficiency, more than 60 000 women die in pregnancy and childbirth each year, and almost
500 million women of childbearing age suffer from anemia. Dietary iron requirements depend
on numerous factors, for example, age, sex, and diet composition. Recommended daily intake
in the USA varies dependent on gender and age. Potato is a modest source of iron. A study
Of cultivated varieties showed 0.3-2.3 mg of Fe in a 100 tuber (True et al., 1978). Ranges of
iron content from 6 to 158 Lg/g of DW have been reported (Andre et al.. 2007; Wills et al..
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1984). Some Andean potatoes have iron content comparable to levels found in some cereals
(rice, maize, and wheat; Scurrah et al., 2007). Potato iron should be quite bioavailable because
it has very low levels of phvticac id. unlike the cereals.
14.9.7 Zinc

Significant differences in zinc content occur in potatoes. The zinc content ranges from 1.8 to
10.2 ig/g FW (Andre et al., 2007; Randhawa et al., 1984; Rivero et al., 2003). Yellow-fleshed
potatoes from different cultivars contain zinc in 0.5-4.6 p..g/g FW (Dugo et al., 2004). Zinc
needed for the body's immune system to properly work and is involved in cell division, cc
growth, and wound healing. The US RDA is 15-20 mg.
14.9.8 Copper

Copper in potatoes varies from 0.23 to 11.9mg/kg FW (Randhawa et al., 1984; Rivero etal..
2003). Like zinc, copper is also high in yellow-fleshed potatoes (Dugo et al., 2004). Copper is
needed for synthesis of hemoglobin, proper iron metabolism, and maintenance of blood vessels.
The US RDA is 1.5-3.0 mg.

14.10 Potato phenolics
Potatoes are an important source of dietary phenolics. Phenolics are a diverse group of tens of
thousands of different compounds, some of which are effective against diseases or have other
health-promoting qualities including effects on longevity, mental acuity, cardiovascular disease,
and eye health (Manach et al., 2004; Parr and Bolwell, 2000; Scalbert et al., 2005). Phenolics
are the most abundant antioxidants in the diet. Plant phenolics may contain a treasure trove of
potential health-promoting compounds. For example, many of the reports in the popular press
about positive health effects of green tea, coffee, or wine are due to phenolic content. The role
of phenolics in health is an area of active ongoing medical research that is only beginning to be
understood. Upon consumption, phenolics are metabolized by digestive and hepatic enzymes,
by the intestinal microflora and have a wide range of bioavailability not yet thoroughly defined
(Manach et al., 2004). Conducting a Google search using phenolics and health as keywords
returned over 700 000 links in 2005 and 1.6 million in 2008, reflecting the rising interest in
these phytonutrients.
A study of 74 Andean potato landraces found about an 11-fold variation in total phenolics and
a high correlation between phenolics and total antioxidant capacity (Andre et al., 2007a). We
screened tubers from hundreds of cultivars and wild potato species for phenolics and found over
a 15-fold difference in the amount of phenolics in different potato genotypes. Many phenolics
are colorless, and thus are relevant phytonutrients for white-fleshed cultivars, which are the
consumer-preferred type of potato in many countries. Russet Norkotah has high amounts among
the white-fleshed cultivars, about 4 mg/g DW. S. Pinnatisectum, a purple-fleshed wild species,
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Figure 14.4: The wide range of total phenolics possible in potato tubers is evident in this analysis
of 40 genotypes. LCMS analysis was used to obtain phenolic profiles from tuber extracts. Total
phenolics of three independent replicates are shown with standard deviation.

has over S mg/g DW total phenolics. The potatoes with the highest total phenolics we have
yet found are purple-fleshed lines, such as the two genotypes shown in Figure 14.4 with over
6.5 mg/g DW total phenolics.
If we compare high phenolic potatoes to some published reports of total phenolic amounts
found in other plants, these potatoes have more phenolics than tomatoes, peas, onions, French
beans, cucumbers, white cabbage, carrots, lettuce, or cucumbers (Figure 14.5). Furthermore, the
amounts in these potatoes rival some reported phenolic amounts for broccoli, Brussels sprouts,
and spinach. We have identified several potato genotypes that have over double the phenolic
amounts of the potatoes listed in Figures 14.4 and 14.5. Thus, potatoes can be a substantial
source of phenolics in the diet and compare very favorably to other vegetables. One study
evaluated the contribution of 34 fruits and vegetables to phenolic intake in the American diet
and concluded that potatoes were the third most important source after apples and oranges
(Chun et al., 2005). The potatoes used in this study were an unspecified variety bought at a
supermarket and almost certainly contained a small amount of phenolics relative to the high
phenolic potatoes. The variation in phenolic content in potatoes is an excellent example of the
potential to further increase its nutritional value by more fully utilizing existing germplasm.
Many potato nutrients differ in the amounts that accumulate in the skin versus the flesh. The
majority of phenolic compounds are found in greater concentrations in the skin, but large
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Figure 14.5: Total phenolic content of multiple vegetables is shown. Russet Norkotah and an
advanced breeding line labeled 'high potato' are the two potato types used in this comparison.

quantities are also present in the flesh. Because a sizeable majority of the fresh weight of a
mature potato is contributed by the flesh, overall the flesh will typically contain more phenolics
than the skin on a per tuber basis. Potato skins are well known to be nutritious and consumers
who realize this can choose recipes and products which include skins. Since potato skins are a
rich source of phenolics (Nara et al., 2006), the phenolic content in the potato skins generated
as waste during French fry processing might be easily recoverable and a potential 'value-added'
product.
14.10.1 Chlorogenic acid

The most abundant phenolics in tubers are caffeoyl-esters. Typically chlorogenic acid (CGA;
Figure 14.6) comprises over 90% of a tuber's total phenolics (Malmberg and Theander, 1985).
Given the enormous contribution of CGA to the total phenolic content of potatoes, an interesting
question is what changes in the tuber phenolic complement would occur if CGA formation
was inhibited by antisense or RNAi methods. The biosynthetic pathway of chlorogenic acid
in plants has been elucidated, creating new opportunities for engineering CGA biosynthesis in
potatoes (Niggeweg et al., 2004).
There is evidence that chiorogenic acid has numerous health-promoting effects and CGA supplements are available in health stores. Dietary CGA is bioavailable in humans (Monteiro et al..
2007), is known to protect animals against degenerative, age-related diseases when added to
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their diet, and may reduce the risk of some cancers and heart disease (Nogueira and do Lago,
2007). CGA is also thought to be anti-hypertensive (Yamaguchi et al., 2007). CGA is reported
to be anti-viral and anti-bacterial. Chiorogenic acid may decrease the risk of type 2 diabetes
(Legrand and Scheen, 2007) and has been shown to slow the release of glucose into the bloodstream (Bassoli et al., 2008). This could be important towards lowering the glycemic index
value of potatoes.
A concern about developing high phenolic potatoes is whether they would have unacceptable
levels of browning or after cooking darkening, as suggested by the older literature. One more
recent study showed that neither the amount of total phenolics, chiorogenic acid, or polyphenol
oxidase correlated with the amount of browning observed in fresh-cut potatoes and that they
were not rate-limiting in the development of browning (Cantos et al., 2002). Additionally, using
a QTL approach, another group found no correlation between browning and chlorogenic acid
(Werij et al., 2007).
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14.11 Flavonols, anthocyanins, and kukoamines
Potatoes contain flavonols such as rutin (Figure 14.6), but have not been thought to be important
sources of dietary flavonols, however little is known about qualitative and quantitative variation of flavonols in diverse germplasm. One group showed that flavonols increased in fresh-cut
tubers, observing concentrations up to 14 mg/100 g FW and suggested that because of the large
amount of potatoes consumed, they can be a valuable dietary source (Tudela et al., 2002a). In
our screening of potato germplasm we have found over a 30-fold difference in flavonol content. Numerous studies suggest quercetin and related flavonols have multiple health-promoting
effects, including reduced risk of heart disease, lowered risk of certain respiratory diseases, such
as asthma, bronchitis. and emphysema. and reduced risk of some cancers including prostate and
lung cancer.
Potatoes, particularly colored-fleshed cultivars, can contain substantial anloLints of anthocyanins, compounds that can function as antioxidants and have other health-promoting effects. A
gene encoding dihydroflavonol 4-reductase is required for production of pelargonidins in potato
and other candidate genes have been identified (De Jong et al., 2003, 2004). A recent report
found that an anthocyanin-enriched fraction from potatoes had anticancer properties (Reddivari
et al., 2007). Lewis et al. (1998) screened 26 colored-fleshed cultivars for anthocyanin content
and found up to 7 mg/g FW in the skin and 2 mg/g FW in the flesh. Another study evaluated
31 colored genotypes and found a range of 0.5 to 3 mg/g FW in the skin and up to 1 mg/g FW
in the flesh (Jansen and Flamme, 2006). Brown et al. (2005) evaluated several genotypes for
anthocyanins and found whole tubers that contained up to 4 mg/g FW and that anthocyanin
concentration correlated with antioxidant value.
In June 2005, a British group reported the discovery of compounds called kukoamines in potatoes (Parr et al., 2005). These compounds are phenolic—polyamine conjugates (Figure 14.6)
and had previously only been found in a Chinese medicinal plant, in which they were being
studied because they lower blood pressure. It still needs to be established whether enough of
these compounds survive cooking and are bioavailable enough to have any effect on humans.
Nevertheless, the presence of these compounds is indicative of the complex chemical makeup
of tubers. In our LCMS analysis of tubers, we have observed up to 30 putative polyamines in
a single tuber. Roles for tuber polyamines include regulation of starch biosynthesis (Tanemura
and Yoshino, 2006), calystegine synthesis (Stenzel et al., 2006). disease resistance (Matsuda
et al., 2005), and sprouting (Kaur-Sawhney et al., 1982).

14.12 Carotenoids
Most of the compounds described to this point are hydrophilic. Potatoes also contain
lipophilic compounds that are dietarily desirable, such as carotenoids. Carotenoids are synthesized in plastids from isoprenoids (Dellapenna and Pogson, 2006) and one role is coping with
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photo- and oxidative stress. Over a 20-fold range in carotenoid concentrations has been reported
in potato germplasrn with much of the variation controlled at the transcriptional level (Morris
et al.. 2004).

Carotenoids have numerous health-promoting properties including provitamin A activity and
decreased risk of several diseases (Fraser and Bramley, 2004). Because two of the most abundant potato carotenoids are lutein and zeaxanthin, potatoes may be particularly important for
eye health and reduced risk of age-related macular degeneration (Chucairet al., 2007 Tan et al,,
2008). The carotenoid complement varies by cultivar, but violaxanthin and lutein are usually
the most abundant tuber carotenoids. The yellow/orange flesh color found in some potatoes
is due to carotenoids. Orange coloration in potatoes is due to zeaxanthin (Brown et al., 1993)
whereas the lutein concentration correlates well with the intensity of yellow coloration. Whitefleshed potatoes usually contain less carotenoids than the yellow or orange cultivars. One study
found white cultivars had 27-74 p.g/lOOg FW of carotenoids (Iwanzik et al., 1983). Cultivated diploid potatoes derived from S. stenotomuni and S. phureja were found to contain up
to 2000 pg/l00g FW of zeaxanthin (Brown et al., 1993). A study of 74 Andean landraces
found total carotenoids concentrations ranging from 3 to 36 ig/g DW (Andre et al., 2007a). A
screen of 24 Andean cultivars identified genotypes with almost 18 pg/g DW each of lutein and
zeaxanthin and just over 2 pig/g DW of 13-carotene (Andre et al., 2007b).

Numerous groups recently have attempted to increase potato carotenoids using transgenic strategies. Overexpressing a bacterial phytoene synthase in tubers of the cultivar Desiree increased
carotenoids from 5.6 to 35 g/g DW and changed the ratios of individual carotenoids. 13-carotene
concentrations increased from trace amounts to 11 ig/g DW and lutein levels increased 19-fold
(Ducreux et al., 2005). Carotenoids can be increased by approaches that do not directly involve
use of carotenoid biosynthesis genes, as shown by overexpression of the cauliflower Or gene
in Desiree resulting in a six-fold increase in tuber carotenoids to about 20-25 pg/g DW (Lu
et al., 2006). A two-fold increase in carotenoids was observed in tubers overexpressing Or after
6 months of cold storage but no such increase was observed in wild-type or empty-vector transformed plants (Lopez et al., 2008). This is in contrast to what is seen with cultivars undergoing
cold storage that undergo a decline in total carotenoids during storage (Griffiths et al., 2007:
Morris et al.. 2004).

An elegant approach using three bacterial genes overexpressed in Desiree achieved a 20-fold
increase in total carotenoids to 114 jig/G DW and a 3600-fold increase in B-carotene to 47 pg/g
DW (Diretto et al., 2007). A 250g serving of these potatoes was estimated to provide 50% of
the RDA of vitamin A. Potatoes engineered to have higher zeaxanthin levels were fed to human
subjects and the zeaxanthin was found to be readily bioavailable (Bub et al., 2008).
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14.13 Conclusion
Although this chapter is by no means a comprehensive listing of all health-promoting compounds
present in tubers, it does give a good sense of the complexity of tuber chemistry and how the
starch content of the tuber is only a small part of the story. The diverse milieu of tuber metabolites
may be partly a reflection of the complexity of a tuber's primary task: to allow the plant to survive
in varied environments.
Efforts to maximize the nutritional potential of potatoes are in their very early stages. Given
the genetic diversity of wild-potato species available to be tapped into for nutritionally superior
traits and the ever-increasing power of biotech approaches it is clear that future cultivars have
the potential to be nutritional powerhouses.
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