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What | say is that, if a man really likes potatoes, he must be a pretty decent sort of fellow.
A.A. Milne

Only two things in this world are too serious to be jested on, potatoes and matrimony.
Irish saying

Introduction

Potatoes are intimately linked with our way of life in the developed world. Potato is the third most
important food crop in the world after rice and wheat. More than a billion people worldwide eat
potatoes, and global crop production exceeds 300 MT. Potato is a critical crop in terms of food
security in the face of population growth and increased demand for food. For example, China, the
world’s biggest consumer of potatoes, expects that 50% of the increased food production it will
need to meet demand in the next 20 years will come from potato (Faulkner, 2011). Within Europe,
potato is also the major vegetable crop — in 2007 tuber yield was 61 million tonnes on 2.2 million
hectares with yield increasing year on year (www.eurocarne.com). Despite this, potato consumption
in many parts of the EU is falling. For example, in Denmark consumption has halved during the last
generation to 57 kg per year per capita (Seefeldt et al, 2011). There are many reasons for this decline
including the time for preparation, competition from rice and pasta as major carbohydrate sources
and overfamiliarity with potato. The time is right, therefore, for potato to be reassessed and its
position as a nutritious and versatile food crop to be re-established.

Nutrition from Potato

If we consider the potato we can see that it is a significant one-stop-shop for human nutrition
(Figure 1, table 1). The apparent disparity between the values in Figure 1 and Table 1 reflects
differences between potato varieties and variation in potatoes grown in different geographic areas.
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Figure 1. The nutrient content of potatoes, based on 100 g, after boiling and unpeeled.

It is apparent that potato is a useful source of nutrition and can deliver virtually all of the nutrients
that the body needs ranging from the macro-components that give energy, good levels of the
essential amino acids (Vreugdenhill et al, 2007) to micro-nutrients such as vitamins and minerals.



Vitamins and minerals

What is perhaps surprising from the compositional data is that potato (and here we consider boiled
potato) can account for approximately 8% of the RDA for vitamin C. Comparing this with our
previous reports on brassicas (Stewart and McDougall, 2012) and soft fruit (McDougall and Stewart,
2012) where the contribution to the RDA was 50-150% and 20-70%, respectively, and the
contribution of potato to vitamin C intake seems paltry. However, potato is a staple food which is
consumed in larger amounts and is, in certain geographic areas and strata of society, consumed on a
daily basis. It is well known that vitamin C is rapidly metabolised and that the body maintains tight
control on vitamin C levels (at ~100 umol/L in the serum; Levine et al, 2011) and excess vitamin C
derived from foods is excreted. Therefore, this means that there is a constant and daily demand for
dietary vitamin C to replenish levels to maintain optimum health. As a staple food, potato can deliver
on this requirement on a daily basis and without seasonal variation in supply.

The value of potato as a source of vitamin C was recently highlighted by Freedman and Keast (2011)
who used data from the US National Health and Nutrition Examination Survey 2003-2006 in
combination with the US Department of Agriculture food composition data to conduct a secondary
analysis of the contribution of potato to the nutritional status and nutritional shortfalls of children
and adolescent diets. Their studied considered potato intake as white potatoes (boiled and mash),
oven-baked and French fries and concluded that these provided 9% to 12% of total daily energy, 8%
to 15% of daily fat (>75% monounsaturated fatty acids + polyunsaturated fatty acids), 210% dietary
fiber, vitamin B6, and potassium, 5% or greater thiamine, niacin, vitamin K, phosphorus, magnesium,
and copper; and less than 5% sodium intake, for all sex and age groups. The combined potato
intake (all types) delivered 25% vitamin C for all sex and age groups. Furthermore cross-sectional
analysis highlighted that potato, in all its forms, provided shortfall nutrients within energy
requirements to children and adolescents and, when consumed in moderate amounts, can be part of
a more healthy diet.

Another area where potato in the diet could make a difference is thiamine (vitamin B12) deficiency.
A lack of the later in the diet can, in extremis, lead to beriberi (Goyer and Sweek, 2011) but low
levels can have other less severe effects on general health. This deficiency has largely been
addressed by fortification of processed foods but with lifestyle changes, with some people moving
away from processed food, a thiamine imbalance is a real possibility. Thiamine imbalance can cause
problems such as diabetic complications and the development of incipient diabetic nephropathy,
neuropathy and retinopathy (Thornalley, 2005). In addition, double-blind studies highlighted that an
improvement in thiamine status was associated with improved mood (Benton and Donohoe, 1999).

Further evidence of the nutritive value of potato can be seen in the range of vitamins and minerals it
delivers, again for many people on a daily basis (Table 1). In particular, it is worth noting that potato
can deliver 5% of the RDA for iron. Iron deficiency can lead to anaemia with the associated
symptoms of tiredness, lethargy, and shortness of breath (dyspnoea) and, in longer term cases,
gastric tract bleeding. A study by Challand et al. (1990) estimated that 20% and 15% of elderly men
and women in the UK have anaemia (predominantly related to iron deficient diets) and this is a case
where potato, as part of a balanced diet, can assist in the reducing this deficit.

Although potato provides a decent portfolio of mineral nutrients, there have been significant efforts
to further increase the levels above the average, i.e. biofortification, mainly focussed at improving
the health of impoverished populations. Zinc is one such target and this work is a part of the current
Scottish Government funded strategic research programme, which involves researchers at the James
Hutton Institute (JHI) and the Rowett Institute of Nutrition and Health. It is well accepted that zinc is
vitally important for many functions in the body, including cognitive processes. Brown (2008) has
shown that zinc levels across a range of potato varieties were 12.5-20 ug/g dry weight, opening up



the opportunity, even within cultivated potato varieties, of enhancing zinc levels by breeding.
Brown (2008) also reported that iron contents exhibited a range of 18-65 ug/g DW, again identifying
potential for varietal improvement. If we couple this with new agronomical techniques, such
targeted mineral fertilization (White and Broadley, 2005), then mineral levels could be increased
substantially beyond those reported above.

Carotenoids and polyphenols

White potato varieties also contain low but important levels of carotenoids, which have crucial
effects on human health (Van der Berg et al., 2000). Certain carotenoids are precursors for vitamin A
which is required to form retinal in the retina of the eye, which is essential for normal vision. Other
carotenoids are credited with enhancing the immune system and reducing the risk of degenerative
diseases, e.g. cancer and cardiovascular disease (Fraser and Bramley, 2004). In particular, potatoes
are sources of zeaxanthin and lutein, the major pigments of the yellow spot in the retina of the
human eye and may prevent age-related macular degeneration (San Giovanni et al., 2007).

The levels of carotenoids in white potato varieties are low but useful considering the staple nature of
potato in the diet. However, the levels can be appreciably higher in yellow fleshed varieties and
there is considerable natural variation in potato germplasm for producing varieties with elevated
levels (Bradshaw & Ramsay 2005; Brown, 2008). For example, potatoes based on the Solanum
phureja family, (previously developed at the Scottish Crop Research Institute, now the JHI) have
been commercially introduced (http://www.greenvale.co.uk/growers-content/potato-breeding) and
these yellow fleshed potatoes have appreciably higher levels of carotenoids (Vreugdenhill et al,
2007; Burgos et al., 2008).

Potatoes also contain a range of polyphenol components which can act as effective antioxidants in
vitro. The major phenolic component is chlorogenic acid, which has been implicated in certain health
benefits (Friedman, 1997). Once again, although the total phenol levels are relatively low in white
varieties, there is considerable natural variation in polyphenol content (Vreugdenhill et al, 2007).
Certain potato varieties accumulate anthocyanin pigments in their skin and/or flesh and these
varieties can have greatly elevated total polyphenol contents (Lachman et al., 2005). Varieties with
pigmented flesh can have very high anthocyanin contents and their intake has been shown to have
beneficial effects on health including anti-inflammatory effects (Kaspar et al., 2011) and reductions
in blood pressure (Vinson et al., 2012).

Potatoes can contain toxic glycoalkaloids (Friedman, 2006) which can have detrimental effects on
health. However, modern varieties are screened for accumulation of these components and their
intake is generally very low and well within safe levels. On the other hand, glycoalkaloids have also
been shown to have anti-cancer activities (e.g. Lee et al.,, 2004) and may have other beneficial
activities at low levels.

Processing potato into some of the UK’s favourite foods, chips and crisps, is accompanied by losses
of some of the nutrients (Table 1) such as 50% of the vitamin C content but many other nutrients
survive through to the processed product. For example, carotenoid content is largely unaffected
(Table 1). Obviously the fat content of both of these products has been increased significantly
compared to boiled potato but if eaten in moderation and as part of a varied and balanced diet this
should not cause a problem. Indeed the shift from saturated to unsaturated oils in the preparation
of these processed products can only be a good thing since these oils have, again in moderation,
been associated with health benefits (Baum et al, 2012; Vafeiadou et al 2012)


http://www.greenvale.co.uk/growers-content/potato-breeding

Potato and the glycaemic challenge

Table 1 highlights that one of the major components in potato is starch, and indeed the majority of
the dry matter in potato is starch and has been shown to range from ~65-80% depending on cultivar
and growth stage (Li et al, 2006). This predominance of starch is both an attractive and negative
feature of potato. Potato starch is, along with the cell wall components, responsible in part for the
mouthfeel of cooked and processed products, in particular the latter. In addition, starch is a
complex but digestible source of glucose, an energy source the body can utilise, and its impact on
human nutrition has been the subject of many reviews (Englyst et al, 1987). However, over-
consumption of starchy products comes at a cost with an over-availability of glucose which
ultimately can lead to obesity and the associated conditions of inflammation, diabetes and
cardiovascular heart disease (Aller et al, 2011).

The rise of the glycaemic index (Gl) concept saw potato becoming viewed as a less healthy dietary
option although this has since been revised. In essence, Gl is a research tool that ranks the impact of
a serving of any food containing 50 grams of carbohydrate on blood sugar levels (Jenkins et al, 1981).
Through numerous studies undertaken on a wide range of foods since then, a consensus was
reached that foods with Gl values of 270, 56—69 and <55 were to be classified as high, medium and
low GI (Anon, 2010). Following on from this, studies with a range of potato cultivars using both in
vivo and in vitro methods indicated that cooked potatoes exhibited a high Gl (Atkinson, Foster-
Powell, & Brand-Miller, 2008) and were a source of rapidly digested starch (Leeman, Barstrom &
Bjorck, 2005). This led to nutritionists recommending that potato should be substituted in the diet
by carbohydrate foodstuffs with lower Gl values.

However, the story is not as gloomy as it seems and the reassessment of potato is under way.

Post-harvest processing can have a major effect on the Gl values of potato with different cooking
processes (baking, microwaving, boiling & frying) gelatinising starch to different degrees and altering
digestibility. One of the processes shown to effectively reduce Gl was that of serving the potatoes
cold after cooking or at least letting the product cool before reheating. In some cases, this
procedure reduced the Gl value by 25% (Tahvonen et al, 2006). This effect seems to be caused by
the retrogradation of starch to a gel format that is more resistant to digestion (Englyst et al, 1992).

Other ways of manipulating cooked potato is to add condiments such as vinegar, mayonnaise, olive
oil etc. These approaches can reduce the Gl by 43% compared to 26% by cooling alone (Liljeberg and
Bjorck, 1998; Leeman et al, 2005). In fact, co-ingestion of fats (via sauces and toppings) have also
been reported to lower the potato Gl by 58% bringing them, in that specific meal format, into the
low Gl category.

It should be borne in mind that although considered to have a high Gl, cooked potatoes do have a
comparatively high water content, regardless of the preparation method and this allows them to
provide bulk to a meal which consequentially means that potatoes are reportedly the most satiating
food per 1000 kj of energy among 40 foods (Holt 1995), including fruits, snacks, dairy and meat
products etc. Also when comparing potatoes to other starchy foods, such as pasta and rice (which
are regarded as low Gl) on an equivalent serving basis, potatoes have a lower total available
carbohydrate content. In addition, potatoes provide a reasonable level of dietary fibre particularly if
the tubers are not peeled.



Back on the positive health agenda: A route forward for potato in Scotland

It is incorrect to think that potato is in trouble in a global sense. In fact, as pointed out in the
introduction, potato is the third most important food crops in the world after rice and wheat with
more than a billion people worldwide reported to eat potato. Indeed, China, the world’s biggest
consumer of potatoes, expects that 50% of the increased food production it will need to meet
demand in the next 20 years will come from potato (Faulkner, 2011). Furthermore, potato has been
highlighted by the FAO as a crucial crop for overcoming future global problems of food security and
demand (http://www.fao.org/ag/magazine/0611spl1.htm). This view is shared across the world from
Zimbabwe (The Zimbabwe Herald, May 2012) to Columbia (Anon, 2012).

Potato’s position in the global economy and in the struggle for a sustainable secure and nutritious
food source is increasingly becoming assured. It has been, and increasingly so, a target for research
into delivering solutions to increase yield, improve sustainability (water, nutrients, pathogen control;
He et al 2012), improve storage, nutritional enhancement and biofortification (Vreugdenhill et al,
2007). The recent publication of the potato genome (Huang et al, 2011) has revealed the code
underpinning potato development and responses to abiotic and biotic stimuli and the exploitation of
this new knowledge provides a game-changing opportunity to improve potato to meet future needs.

The exploitation of the genome to address the challenges of increasing potato nutritive value, or
even decreasing anti-nutritional value, such as reducing glycoalkaloid content (Friedman, 2006) are
well within our grasp. Indeed, such an approach is being taken by Shepherd et al (2010) at the
James Hutton Institute to future proof the potato industry potato against the current concern over
acrylamide-forming potential in high temperature cooked potato products.

Scotland has a significant part to play in the future of potato on the global stage and its use as a
source of nutrition. We have a vibrant potato seed industry that operates a high health status,
something that most other countries struggle to achieve. We have an internationally recognised
centre for potato research at JHI and together this industry-research collective are working globally
with the multi-national potato production and processing companies. With this aligned effort, the
future for potato looks promising.
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Table 1. The nutrients present in raw and processed potato. Values for selected cereals are shown for comparison.

Nutrient factor Potato Pot.ato (:r:i:Sh (IE:::tso mfiiez: Rice w.hole :rvu:el'laetél
(Raw) boiled fries) Chips) grain) gral grain

MACRO-COMPONENTS
Energy, (kj (kcal)) 271(65) |319(76) |1038(248) 2273 (543) 1479 (353) 1401 (335) 1239 (296)
Carbohydrate (g) 13.2 15.5 44.2 53.0 55.4 71.3 52.9
Fat, total (g) 0.2 0.2 53 33.0 6.7 0.7 2.2
Protein, total (g) 1.6 1.9 4.5 53 12.7 6.1 10.6
CARBOHYDRATE-COMPONENTS
Starch, total (g) 12.7 14.9 43.6 52.6 54.4 70.0 50.3
Sugars, total (g) 0.5 0.6 0.6 0.4 1.0 14 2.6
Fibre, total (g) 0.9 1.0 1.0 4.7 9.2 7.4 9.9
Fibre, water-insoluble (g) 0.9 1.0 1.0 3.7 8.4 6.3 9.5
FATS
:tji\:/aé:tdssig)mtal' calculated as TAG|_ ), <0.1 55 29.9 5.4 0.3 14
Fatty acids, total (g) <01 <0.1 5.3 28.6 7.3 0.3 1.3
Fatty acids, total saturated (g) <0.1 <0.1 2.1 4.7 0.7 <0.1 0.2
Fatty acids, total monounsaturated cis (g) |<0.1 <0.1 2.1 12.2 1.9 0.1 0.3
Fatty acids, total polyunsaturated (g) <0.1 <0.1 0.8 11.7 2.6 0.1 0.9
Fatty acids, total trans (g) 0 0 0.3 0 0 0 0
::;tgt;/ acid 18:2 cis,cis n-6 (linoleic acid) 29 35 709 9689 4036 111 792
::rz:]tgt)y acid 18:3 n-3 (alpha-linolenic acid) 25 29 91 5014 209 3 61
Cholesterol (mg) 0.3 0.3 0.6 2.0 0 0 0
Sterols, total (mg) 4.4 5.2 50.4 90.4 89.5 72.3 74.4

RDA - Recommended Dietary Allowance; All data was extracted from the FINELI database - http://www.fineli.fi
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RDA*

2000-2500 kJ

<50% of energy total
55-95 (g)

55 (g)

<39% of energy total
<11% of energy total
<18% of energy total

<35% of energy total

<300


http://www.fineli.fi/component.php?compid=2331&lang=en
http://www.fineli.fi/component.php?compid=2034&lang=en
http://www.fineli.fi/component.php?compid=2157&lang=en
http://www.fineli.fi/component.php?compid=2230&lang=en
http://www.fineli.fi/component.php?compid=2252&lang=en
http://www.fineli.fi/component.php?compid=2259&lang=en
http://www.fineli.fi/component.php?compid=2168&lang=en
http://www.fineli.fi/component.php?compid=2266&lang=en
http://www.fineli.fi/component.php?compid=2159&lang=en
http://www.fineli.fi/component.php?compid=2159&lang=en
http://www.fineli.fi/component.php?compid=2143&lang=en
http://www.fineli.fi/component.php?compid=2156&lang=en
http://www.fineli.fi/component.php?compid=2150&lang=en
http://www.fineli.fi/component.php?compid=2151&lang=en
http://www.fineli.fi/component.php?compid=2158&lang=en
http://www.fineli.fi/component.php?compid=2095&lang=en
http://www.fineli.fi/component.php?compid=2097&lang=en
http://www.fineli.fi/component.php?compid=2038&lang=en
http://www.fineli.fi/component.php?compid=2254&lang=en
http://www.fineli.fi/

Table 1. (Cont.) The nutrients present in raw and processed potato. Values for selected cereals are shown for comparison.

Nutrient factor

MINERALS
Sodium (mg)
Salt (mg)

Potassium (mg)

Magnesium (mg)

Calcium (mg)

Phosphorus (mg)

Iron, total (mg)

Zinc (mg)

lodide (iodine) (ug)
Selenium, total (ug)

VITAMINS

Vitamin A (retinol activity equivalents) mg)

Vitamin E (mg)

Vitamin K, total (ug)

Vitamin C (mg)

Folate (Vit B9) (ug)
Niacin equivalents, total (Vit B3) (mg)

R (Vit B2) (mg)

Thiamin (vitamin B1) (mg)
Vitamin B6 (constituents) (mg)

Carotenoids, total (ug)

Potato

(Raw)

0.9
2.2
425.0
20.4
4.8
38.3
0.6
0.3
0.9
0.5

0.5

<0.1
0.88
8.5

19.7
0.5

0.03
0.18
0.10
57.7

Potato

boiled

1.0
2.5
340.0
24.0
5.6
45.0
0.7
0.3
1.0
0.6

0.6

<0.1
1.04
6.5

16.2
0.5

0.02
0.16
0.12
67.9

Chips
(French

fries)

1.0
2.6
501.4
24.2
6.8
46.6
0.7
0.3
1.0
0.6

0.6
1.9
10.37
2.9
12.2
1.4
0.03
0.21
0.12
68.0

Crisps
(Potato
Chips)

560.0
1426.9
1190.0
56.0
28.0
158.0
1.8

0.8

0

3.8

0.4
5.2
10.00
3.0
41.0
5.5
0.07
0.21
0.62
47.5

Maize
(dried
grain)

1.0
2.5
270.0
72.0
0.4
170.0
1.5
1.4
5.0
2.7

46.5
0.5
2.00

0

20.0
3.0
0.28
0.53
1.07
5689.0

6.0
15.3
260.0
110.0
11.0
250.0
3.6
1.6
5.0
23.0

0.6
0.80
0
20.0
5.9
0.03
0.05
0.61
0

Wheat,
crushed
grain

2.0
5.1
390.0
127.0
26.0
350.0
4.5
3.6
5.0
9.5

0.4
1.0
2.60
0
50.0
7.7
0.15
0.40
0.36
224.1

RDA - Recommended Dietary Allowance; All data was extracted from the FINELI database - http://www.fineli.fi
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RDA*

600
6000
2000
375
1000
700
14
10
150
55

800
12
75
80
400
16
14
1.1
14


http://www.fineli.fi/component.php?compid=2216&lang=en
http://www.fineli.fi/component.php?compid=2217&lang=en
http://www.fineli.fi/component.php?compid=2192&lang=en
http://www.fineli.fi/component.php?compid=2212&lang=en
http://www.fineli.fi/component.php?compid=2023&lang=en
http://www.fineli.fi/component.php?compid=2223&lang=en
http://www.fineli.fi/component.php?compid=2160&lang=en
http://www.fineli.fi/component.php?compid=2282&lang=en
http://www.fineli.fi/component.php?compid=2189&lang=en
http://www.fineli.fi/component.php?compid=2244&lang=en
http://www.fineli.fi/component.php?compid=2270&lang=en
http://www.fineli.fi/component.php?compid=2273&lang=en
http://www.fineli.fi/component.php?compid=2277&lang=en
http://www.fineli.fi/component.php?compid=2278&lang=en
http://www.fineli.fi/

