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Potatoes: Nutrition and Food Security
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These are interesting imes for the potato. Its introduction and cultivation in the West greatly
reduced hunger and inareased food secunty for milli ons of people. Some beli eve the introduchion of
potato enabled the population increases seen in Europe in the 17-1800s and fueled the industnal
revolution. Flash forward to the present day, where the heathfulness of potatoes has been quest oned by
some nutriti onists, areating doubts among the public about potatoes. While a maj onity of nutrniti onists
support moderate consumpti on of potatoes as part of a healthy diet, others advocate that potatoes be
eaten sparingly and argued that potato consumption is a m gor cause of the obesty epi demic and
increase in disbetes. This article will look at some obesity data, discuss potato nutrition and finall v
examine the potential of potaloes to provi de food security to a growing global population.

The obesity epldemle. A much public zed study by Harvard saentigsin 2011 daimed potal oes
are o leading cause of weight gmn. Cver the last two decades there has been a disturbing increase in the
percentage of obese or disbetic Americans 155 million U.5. adults | about 50%s of the population, are
overwa ght or obese. These increases have darmed health offiaals, who point out the tremendous
personal toll of obesty and disbetes, and the effect on soaning heath costs. In 2003 the Amencan
Medical Association o ass fied obesty as a disease. Some estimate obestv-rdated i lInesses account for
nearly 21%e of annual medical spending, Total direct and indirect costs of obesity to the economy are in
the hundreds of billions, and include expenses such asan
estimated 4 hallion dollars of extra gasoline to transport the g [T R p—————

added weight. A 2012 Gallup-Healthways poll reported on the 10
10 most obese metro areas, and K ennewi ck-Pasco-Richland -
ranked 9" at 33.2%. The McAllen metro region in Texaswas %"‘

the most obese (38.8%4) and that community could potentially -
save 250 million dollars annually by reducing the obesity rate to m
15%. In 1995 no state had an obesity rate over 20", but by b
2012 all states exceeded 20%. At the current rate, by 2030 an I4444888448488447
astoni ding 44%s of Amenicans will be obese according Lo CDC
jecth ons

Giaven the dams that potato consumption 15 involved, it
15 interesting to note that dunng the penod obeaty has been
rapi dly increasing, potato consum plion has undergone a
mgnificant decrease as shown (Flg. 1A). Not only fresh potato
consumption decreased, but dso French fnes (USDA-Economic BN Y Ny
Research Service data). According to the Crganiztion for : ..f{iﬁffi{fi!fif
Economic Cooperation and Development, Mexico and the United —— =sis=scseim:
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States are the first and second most obese countries, while they rank 105 and 44% in per capita potato
consumption according to the most recently available F AC data ( 2009). If potatoes are a major
contnbutor to obesity, it is cun ous that obeaty was not problematic in Furopean countnes in the past
when potato consumption was far ligher than present day. German snual potato consumption in 1900
was 628 |bs. per person and still over 300 [bs. in the 1950s CDC data show a disconcerting increase in
the percent of peopl e with di abetes to §,9% in 201 1. From the 1970s until the mid-%s, the di abetes rate
varied litfl e, but began a steep nse in the mi d-%0s (Fig. 1B) dunng the sam e ime potato consmption

was decreasing,

Basle potato nutrition: Some foods are seen as 2 Sad asset pOLED wih skanjiie uras)
“empty calon es,” meaning they provide cal ories but little ~—
nuiritrve value. A number of people have the misperception —

that potatoes are empty cal ones, and fail to realize that
potatoes are actuall v a nuin ent-dense food. For a food to be
nutri ent-dense, it must provide an equal or greater amount of

L]

nutrtional value as it does cal ones. Fig. 2 shows the _ Fen f—

percentage of the recommended daly values of van ous R

nutrients in a 3.5 ounce { 100 grams) portion of baked potato - _. N - -
with skin (data from nutritiondata.sef.com md USDA SR- T v e e g
21). Thisserving woul d provide 97 calones or 3% of the S ——— '

dailv value, but as seen provides a greater percentage of vanous nutrients than it does calon es. The

nutri ional quality of potato protan 15 among the highest in plants Mot shown in thislist are potato
phyvtonutrients like carotenoids and anticoudants. Unlike vitamins, these do not have recommended daly
al low ances, but are nonethel ess important for health and valued by many consumers to the extent that
they influence purchasing decisions.

Fotato Nutrition R esearch: The Washingfon State P otato Commi ssion hasbeen supportive of
efforts to maximize the nuintional content of potatoes, funding work on antioxidants, B-vitamins and
sponsoring a human feeding study. Likewise, deve oping potatoes with enhanced nutritional
characteristics is a goal of the Tn-State Breeding Program of ldaho, Cregon and Washington.

Potat oes provide an opportunity to increase consumer phytonutnient intake. 1f scientisis were
debating which foods to nutritionally enhance, it would make sense to target a stapl e food ke potat oes,
because even small inareases in their phytonutnent content would impact dietary intake. 1f breeders
doubled the amount of vitamin C in a food that people only eat a handful of imes a year, then this is not
going to have asmuch impact as would even a 15" increase in potato vitamin C, because per capita
consumption 1s over |15 [bs/vesr. Additional rabonale for choosing potatoes is their affordsbility and
potential to feed the groming global population.

A major focus area of the Navarre lab is antioxidants The two ma or anti oxidantsin potat oes are
vitamin C and phenolics. Red- and purple-fl esh potat oes typicall v have much higher amounts of
antionidants than white potatoes and this i1s due to phenolics

Baby potatoes W e found that “baby™ or “new” potat oes harvested 6080 davs after planting
tvpically contain hi gher am ounts of anti oxidants than at matunity, For example, in a hi gh-anti cooidant
purple cultivar, phenolics deareased from 14to 10 mg g DW (dried wai ght) during developm ent, lutein
and violaxanthin decreased 30-T0%, the major anthocyanin decreased from 6.4 to 4 mg/g and in some,
but not al, cultivars total protein decreased 15-30"s. Collectively, data now reveal that baby potatoes
contan higher am ounts uPphmdjf acids, lavonols, anthocyanins, carotenoids, protein and some
vitamins

Select red- and purple-flesh baby potatoes have especidly high amounts of anb oxidants and
some advanced breeding lines contan 15-19 mg/g D'W of anthocyanins. The ORAC anb oxidant values
of these potatoes (=300 pmol Trol ox equivalents'g DW jnval kale and spinach. Studies are
increasingl y documenting health-promoting benefits of purple potatoes, induding purple baby potal oes
that reduced blood pressure in a human feeding dudy conducted by Joe Vinson mnd funded by ARS.
Likewise, a WAPC funded human feeding study by Boon Chew showed anti-inflammat ory effects of
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high-antios dant potatoes. These indings are im portant because they support the rational ¢ for
developing such potatoes—i.e. we hypothes aed that potatoes with even higher amounts of
phyvtonutrients would contribute to a healthy diet, snd now human feeding sudies are validating this
premise. We and othershave now published several peer-revi ewed saentific papers on the phyvtonutrient
content of baby potat oes; thi s saenti fic informati on could be used by the potato industry to publia e the
nutri ional merits of baby potatoes, which may espeaally appeal to health-conscious consumers and
present a pal atable, inexpensve source of phyvtonutnents

A high-antioxidant white potato? White potatoes are consumed in far greater quantities than
velow-, red- or purple-fesh potatoes, so a goal is to develop a high-ant oxidant white potato. The major
antioxidant in m ost potatoes is chlorogenic aad, a colorl ess compound. H owever, for reasons not yet
understood, red and purple potatoes contain much more of this colorl ess antioxi dant than do white or
velow. Despite evaluating over 100 different types of white potatoes for anti oxidants, we've yet to find
any that have the amounts found in redpurple types Therefore finding a white breeding line with
higher anti oxidants will likely require screening a large number of lines to improve the odds For it to be
feasble to screen | ols oflines, fast methods are needed; otherwise it 18 too labor intensive 1o do sudh
SCreening.

We are trying to devdop such fadt, aude methods. An approach that sppears to have promise is
using a leaf press to extract the juice from tuber shces, which i1s then assaved in 96-well microplates.
Thism ethod needs further evaluation and optimiztion, but so far we used it to mal vae all of the vear
one white-flesh TriState breeding lines advanced from the Klamath Falls 201 2tnal . Also analyzed were
over 100 genotypes bang used as parentd matena in the TnState program. Normally abreeding line
will not be evauated for phyvtonutnient content until many vearsinto its development, but this screening
has potential to i denti fy and fast-track a promising antioxidant line early in its devel opment. While
screening this germplasm for anti oxidants, we d so m easured phenolics, pol yphenol oxi dase activity and
browning (rapi d browning/bruising 1 sundesrable ). Unly about a 2-fold difference in antioxidanis was
observed in the over 100 TnSiate early lines screened, which is further evidence that | otz of breeding
lines will have to be evaluated to find one with unusually high antioxidants.

Why do some potatoes have more phytonutrients than others? We don’t really know vet. But
understanding what controls tuber phytonutn ent content woul d make it easier to further increase
am ounis in new cultivars and shed ight on the best way to manage the arop for phytonutnient content.
We are studying the mechanisms that determine the amount of antioxi dants in potatoes. Transcriphi on
factors have a role somewhat like traffic cops and are expeded to be important regulators of how much
of a phytonutrient is made. After analyzing 15 transenption factors for their invol vement in tuber
mntioxidant content, we i denti fied o speafic transcnption factor that appearsto be a key regulator of
both colorless and colored potato antioxi dants snd we are currently analyang its role in greater detal.
Another interesting finding is that tuber sugars appear to influemce the amount of potat o anbioxi dants.
We consistently find that potatoes with higher amounts of sugars have hi gher am ounts of anti oxidant s
Andif we feed potato plantlets extra sugar, the amount of @t oxidants increases. These findings are al so
rdevant to developing white potatoes with increased anti oxidants

Vitamin B B, deficency is rel shvely common isthe U5, and can | ead to neurologi cal
disorders, diabetes and other maladies. B withstands hi gh tem peratures, and potatoes are an excellent
source that can provide over 20% of the RDA in a single serving, The Hellmann lab at WSU has been
studying By bi ochemistry and evaluating diverse potato S.ETI'IIIEITI for Bs content, dlong with the effects
of development and storage. B, concentrations ranged from 17 ug/g DW in one TnState breeding line
to 27 in Clearwater Russet. A 3.5 ounce portion of Clearwater Russet would provide about 36%s of the
RD A, emphasizing the potential to develop potatoes with even higher amounts of nuinenis Resulis also
suggested that B concentrabl ons were fairly cons sent during devel opment. Interestingly, concentrati ons
increased signi ficantly dunng cold storage, up to 43% in Defender after 227 days.

Calories per acr e and feod security: The United Nabi ons forecasts global popul ation will
increase to 8.1 billion by 2025, A new study (Ray of d, PLoS One, 2013) suggests global crop
production necds to double by 2050 to meet needs. Also pressuning food production will be increased
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meat and dary cmmmptim in countries with nsing affluence, and competition for acreage with biofud
crops. Consecquently, it is notabl ¢ that potatoes vield more cal ones per acre than com, wheat, rice or
sovbean, with potatoes often cited as produang about 9.2 million cal ories per acre (for example,
Wikipedia). However, thisnumber does not reflect vields in the Pacific Morthwest, which are often
above 30 tons per acre, From the USDA datsbase, a baked musset potato is listed as having 97 cllones
per 100 grams, whi ch is about 440 cal ones per pound. Using these values, potato production in the
Morthwest produces 26 million calon es per acre comparedto 7.5, 7.4, 3.0 and 2.8 million for com,
nice, wheat and sovbeans respectively (Food & Nutntion Encyd upeda p. 1104}, Norkotah Russet woul d
provide about 150,000 grams of polassium per acre, 6,700 g of vitamin C and 19,000 g of phenolics.
While many locationsmay not be able to repli cate vi dds reached in the Northwest, thisnevertheless
shows the putmti:i for increased vields wath better management. The importance of potato in food
secunty is farther highlighted by a new study that conduded potatoes and beans provide the most
nutri ents per dollar out of 98 vegetables smdied (Drewnowski, et al ., 2013 ). These data suggest akey
role for polatoes in providing global food secanty, induding in impoven shed nabons. Stnkingly, those
suggesting polatoes be replaced in the di et with other foods have not provided dala on the affordabality
of the replacem ent of how much more land would be required to produce an equival ent amount of
energy and nutn bon.

Conclugdon: A pmel of experts evaluated 29 popular di ets and ranked the DASH di e the best
(httpe/heal th usnew s com bed -diet ). The DASH diet (Dietary Approachesto Stop Hypertension ) was

developed by researchers at the National Institute of Health and is based on the USDA food pyramid
plan. The diet allows potatoes and encourages increased potassaum intake (potatoes are a good source )
and reu:h::ed ':udum ntake. The plan isay ul:-i:lle ﬁ:r free at

health/ J xS Given the ongoing “obesity
q'ldﬂmc’ and its recent clmﬁcmm asa disease, uhesll}r isunderd mdd:ll}r likely to remain a key
focus of health profesmonals. Consequently, it ishelpful for the industry to be proactive and hlghllght
tasty reduced cal orie potato reaipeslike those listed at various potato commi ss on webstes as part of
outreach efforts. Substantial solid sa enti fic evidence from numerous di fferent groups supports the
nutritional im portance of potatoes in the diet. Such data can form the backbone of e fforts to educate
peopl e and organizations about the role of potatoes in provi ding a nutriti ous and atfordabl e food source.
Phytonutr ent-ri ch potatoes can appeal to heath-consaous consumers in the short term and contri bute to
global food security in the long term.

Annual Northwest Potato Conferences

Idaho Potato Conference: January 21-23, Pocatello, Idaho
htip://'web.cals. widaho. eduwpotatoconference/

Washington-Oregon Potato Conference: January 28-30, Kennewick, Washington
http://www.potatoconference.com/
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