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Chapter 2
The Potato and Its Contribution 
to the Human Diet and Health

Gabriela Burgos, Thomas Zum Felde, Christelle Andre, and Stan Kubow

Abstract Potato has contributed to human diet for thousands of years, first in the 
Andes of South America and then in the rest of the world. Its contribution to the 
human diet is affected by cooking, potato intake levels, and the bioavailability of 
potato nutrients. Generally, the key nutrients found in potatoes including minerals, 
proteins, and dietary fiber are well retained after cooking. Vitamins C and B6 are 
significantly reduced after cooking while carotenoids and anthocyanins show high 
recoveries after cooking due to an improved release of these antioxidants.

In many developed countries potatoes are consumed as a vegetable with intakes 
that vary from 50 to 150 g per day for adults. On the other hand, in some rural areas 
of Africa and in the highlands of Latin American countries, potato is considered a 
staple crop and is consumed in large quantities with intakes that vary from 300 to 
800 g per day for adults. These marked differences in the potato intake affect signifi-
cantly the contribution of potato nutrients to the human dietary requirements.

In recent years, information about nutrient bioaccessibility and bioavailability 
from potatoes has become available indicating higher bioaccessibility of minerals 
and vitamins in potato as compared with other staple crops such as beans or wheat. 
Bioavailability refers to the fraction of an ingested nutrient that is available for uti-
lization in normal physiological functions and/or for body storage while bioacces-
sibility refers to the amount that is potentially absorbable from the gut lumen.

In addition, potatoes have shown promising health-promoting properties in 
human cell culture, experimental animal and human clinical studies, including anti-
cancer, hypocholesterolemic, anti-inflammatory, anti-obesity, and antidiabetic 
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properties with phenolics, anthocyanins, fiber, resistant starch, carotenoids as well 
as glycoalkaloids contributing to the health benefits of potatoes.

2.1  Introduction

Diverse studies have demonstrated that potato is an important source of carbohy-
drates, resistant starch, quality proteins, vitamins C and B6 as well as potassium 
(Camire et al. 2009). Potato is also a source of antioxidants that can contribute to 
prevent both degenerative and age-related diseases with lutein and zeaxanthin being 
present in high levels in yellow-fleshed potatoes (Burgos et al. 2009) and anthocya-
nins being present in purple and red-fleshed potato landraces (Burgos et al. 2013b) 
commonly grown and eaten in the Andean highlands of Peru, Bolivia, Ecuador, and 
Colombia. Potatoes also contain glycoalkaloids, which in high concentrations can 
be toxic to humans but in low concentrations can have beneficial effects such as 
inhibition of the growth of cancer cells (Friedman 2015). The nutritional composi-
tion of potatoes is summarized in Fig.  2.1. The concentration of energy, starch, 
protein, lipids, dietary fiber, potassium, phosphorus, magnesium, iron, zinc, vitamin 
C, vitamin B6, chlorogenic acid, and glycoalkaloids has a range of variation inde-
pendent from the flesh color. Yellow-fleshed potatoes have a carotenoid concentra-
tion higher than white-fleshed potatoes while purple potatoes have a higher 
anthocyanin concentration than red- or white-fleshed potatoes.

Like other plant foods, the nutritional composition of potatoes is affected by dif-
ferent pre-harvest (environment, cultural practices, maturity at harvest, biotic and 
abiotic stresses, etc.) and post-harvest (processing, storage, transport, etc.) 
conditions.

Potato has contributed to the human diet for thousands of years, first in the 
Andean region and then in the rest of the world. Its contribution is affected by cook-
ing, the amount of potato intake, and the bioavailability of the nutrients. Generally, 
the key phytonutrients found in potatoes including minerals, proteins, and dietary 
fibers are well retained after cooking. Vitamins C and B6 are significantly reduced 
after cooking while carotenoids and anthocyanins show high recovery after cooking 
due to an improved release of these antioxidants from the food matrix after cooking 
(Tian et al. 2016). In this chapter, the range of nutrient concentrations is expressed 
on a fresh weight (FW) basis and ranges refer to both raw and cooked potatoes. 
However, for calculating their contribution to the diet, only values of cooked pota-
toes are considered.

The worldwide mean potato intake is equivalent to 93 g per day (FAO 2013). 
However, this value has a large range of variation. In many developed countries 
potatoes are consumed as a vegetable and served as a part of a larger meal with 
intakes that vary from 50 to 150 g per day for adults. On the other hand, in some 
rural areas of Africa and in the highlands of Latin American countries, potato is 
considered a staple crop and consumed alone in large quantities as a complete meal 
with intakes that vary from 300 to 800 g per day for adults (De Haan et al. 2019). 
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Implications of the contribution of potatoes to the human diet as related to the mag-
nitude of potato intake are also described in this chapter.

Bioavailability refers to the fraction of an ingested nutrient that is available for 
utilization in normal physiological functions and/or for its contribution towards 
body stores (La Frano et al. 2014). Many factors affect the bioavailability of a com-
pound; these may be divided into exogenous factors such as the complexity of the 
food matrix, the chemical form of the compound of interest, structure and amount 
of co-ingested compounds as well as endogenous factors including mucosal mass, 
intestinal transit time, rate of gastric emptying, intestinal and hepatic metabolism, 
and the extent of conjugation and protein-binding in blood and tissues (Holst and 

Fig. 2.1 Nutritional composition of potatoes per 100 g FW
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Williamson 2008). A prerequisite for bioavailability of any compound is its bioac-
cessibility in the gut, defined as the amount that is potentially absorbable from the 
lumen (Fernández-Garcia et al. 2009). Bioavailability can be limited by a low bioac-
cessibility, which can be affected by the nature of the food matrix, location within 
the plant, food processing, gastric and luminal digestion, in addition to the physico-
chemical properties of the compound itself. In this chapter, the bioaccessibility and 
bioavailability of phytonutrients in potato will be reported and discussed.

The contribution of potato to human health will be described in terms of the 
evidence concerning the anticancer, hypocholesterolemic, anti-inflammatory, anti- 
obesity, and anti-diabetic role of potatoes.

2.2  Contribution to Diet

2.2.1  Energy

The energy provided by 100 g of boiled tubers of potatoes varies from 96.33 to 
123.17 kcal (De Haan et al. 2019), which is similar to the energy provided by 100 g 
of cooked rice (130 kcal) but lower than the energy provided by 100 g of wheat 
(361 kcal), 100 g of cooked cassava (160 kcal) and soybeans (173 kcal) (King and 
Slavin 2013). Potato has a low energy density with 100 g of boiled potatoes contrib-
uting between 4 and 6% of the requirement of energy of an adult of between 50 and 
90 kg of weight (considering 1.90 as basal metabolic rate factor, FAO/OMS/UNU 
2004). However, preparing and serving potatoes with ingredients with a high fat 
content raises greatly the caloric value of the dish. One hundred grams of potato 
chips and French fries provide 529 and 564 kcal, respectively.

In areas where potato is considered as a staple food, the amount of potato intake 
is high and consequently the contribution of potatoes towards meeting dietary 
requirements is much higher. In Huancavelica, a location in the Peruvian central 
highlands, women have an average daily consumption of 840 and 645  g during 
abundance and scarcity period of potato, respectively. In those regions, potatoes are 
mainly eaten as boiled and provide between 28 and 38% of the recommended total 
energy requirements for women (De Haan et al. 2019).

2.2.2  Carbohydrates

2.2.2.1  Starch

Starch is the predominating carbohydrate in potato ranging from 16.5 to 
20.0 g/100 g FW (Liu et al. 2007). Biochemically, potato starch is composed of 
amylose and amylopectin with the latter molecule typically making up 70−80% of 
the available starch in the tuber and the remaining portion being composed of amy-
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lose (Zeeman et al. 2010). Starch can also be classified by levels of digestibility 
within the human intestinal tract, i.e. rapidly digested (RDS), slowly digested 
(SDS), or resistant (RS) starch (Englyst et al. 1992). RDS and SDS represent the 
portion of starch digested within the first 20 and 21−120  min post-ingestion, 
respectively. The remaining resistant starch (RS) is undigested and fermented 
when it reaches the large intestine with the production of short-chain fatty acids 
(Raigond et al. 2014). Because of the resistance of the amylose structure to diges-
tion, more of the RS component is expected to be composed of amylose rather than 
amylopectin. The rapid breakdown of amylopectin to digestion is the reason that it 
is more prevalent in RDS and SDS fractions (Bach et al. 2013). Potential health 
benefits attributed to SDS include satiety, improved physical performance, glucose 
tolerance enhancement and blood lipid level reduction in healthy individuals and 
in those with hyperlipidemia (Miao et  al. 2015). Possible health benefits of RS 
include prevention of colon cancer, hypoglycemic effects, substrate provision for 
growth of gut probiotic microorganisms, reduction of gall stone formation, hypo-
cholesterolemic effects, inhibition of fat accumulation, and increased absorption of 
minerals (Sajilata et al. 2006).

Monro et al. (2009) determined the RDS, SDS, and RS concentration of freshly 
cooked potatoes from nine potato varieties and found concentrations ranging from 
9 to 15 g/100 g FW, from 0 to 1.72 g/100 g FW, and from 0.58 to 1.05 g/100 g FW, 
respectively. These authors also found that cooking and then cooling potatoes sig-
nificantly increased SDS and RS (up to 7.7 g and 1.96 g/100 g FW, respectively), 
while RDS was significantly reduced to 7.3 g/100 g FW. This latter phenomenon is 
referred to as starch retrogradation, which is based upon rearrangement of the mol-
ecules of amylose and amylopectin causing decreased starch digestion (Leeman 
et al. 2005).

Glycemic index (GI) is a measure of the extent of the change in blood glucose 
content (glycemic response) following consumption of digestible carbohydrate, 
relative to a standard such as glucose (Venn and Green 2007). A higher GI value 
represents a more rapid entry of a larger quantity of glucose from a test food into the 
bloodstream. Based on in vivo postprandial GI, high RDS content in foods has been 
significantly correlated with a high glycemic index response (Champ 2004), whereas 
low RDS levels are associated with low to medium GI values (Lynch et al. 2007). A 
wide variability in GI values of potatoes has been noted ranging from high to 
medium to low values based on cultivar differences (Ek et al. 2012). Such variations 
could partly be related to differences in the amylopectin to amylose ratio as amylose- 
rich starches are digested more slowly due to their difficulty to gelatinize and swell 
as opposed to starches with a high amylopectin content (Brennan 2005). Bach et al. 
(2013) defined low RDS and high SDS as the optimal profile for potatoes that leads 
to low GI values, and identified two genotypes with this profile. Tuber cooking fol-
lowed by cooling (forming retrograded starch) is also another way for the consumer 
to obtain lower postprandial glucose levels, and thereby benefit from reduced GI 
following potato intake (Fernandes et al. 2005). Lowering the dietary GI load has 
been associated with body weight loss, improved blood pressure, and decreased risk 
of cardiovascular diseases, whereas habitual intake of high GI foods has been linked 
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to type 2 diabetes and other chronic heart issues (McGill et al. 2013). As the GI does 
not take into account the typical portion size, the GI value and the quantity of car-
bohydrates are combined to generate the glycemic load (GL) value, which can bet-
ter quantify the glycemic impact of a food (Salmeron et al. 1997). Initial studies 
involving potatoes were limited by the sole use of GI for their glycemic evaluation 
(Crapo et al. 1977; Soh and Brand-Miller 1999), which categorized them with a 
high GI. In contrast, potatoes have been generally noted to have a medium to low 
glycemic impact based on the GL estimation (Lynch et al. 2007).

2.2.2.2  Sugars

Potato tubers also contain significant quantities of free sugars with glucose and 
fructose as the principal monosaccharides and sucrose as the major disaccharide. 
Glucose, fructose, and sucrose concentrations in raw tubers of tetraploid potatoes 
range from 3.25 to 255 mg/100 g FW, from 2.5 to 153.7 mg/100 g FW, and from 43 
to 159.7 mg/100 g FW, respectively (Amrein et al. 2003; Rodríguez et al. 2010). 
Higher levels of glucose, fructose, and sucrose have been recently reported for dip-
loid potato group Phureja with concentrations ranging from 11.5 to 701 mg/100 g 
FW for glucose, from 7.25 to 605  mg/100  g FW for fructose and from 159 to 
737 mg/100 g FW for sucrose (Duarte-Delgado et al. 2016). The reducing sugars 
glucose and fructose as well as free asparagine are acrylamide precursors. 
Acrylamide is formed through the Maillard reaction during high temperature cook-
ing such as frying, roasting, or baking (Muttucumaru et al. 2008). Acrylamide has 
been classified as “probably carcinogenic to humans” by the WHO and the 
International Agency for Research on Cancer. Therefore, the reducing sugar content 
in potatoes has been recommended not to be greater than 100 mg/100 g FW in order 
to keep acrylamide formation on a low level (Kumar et al. 2004). Importantly, cold 
storage (2–4 °C) may induce an accumulation of reducing sugars in tuber tissue 
leading to undesirable browning, production of bitter flavors, and increased levels of 
acrylamide with cooking (Neilson et al. 2017).

2.2.3  Protein

According to Camire et al. (2009), the protein content of potatoes generally ranges 
from 1 to 1.5 g/100 g FW depending on the cultivar. De Haan et al. (2019) reported 
higher levels of protein in cooked tubers of Peruvian floury landraces 
(1.76–2.95 g/100 g FW). Potato protein content is generally low compared with 
other major staples like maize and beans although potato yields more protein per 
unit growing area than do cereals (Bamberg and Del Rio 2005). Also, the quality of 
the potato protein, which reflects its digestibility and indispensable amino acid con-
tent, is very good. The biological value of potato protein—the proportion retained 
for growth or maintenance divided by the amount absorbed—is high. Depending on 
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the cultivar, the biological value of potato protein is between 90 and 100 and is very 
similar to the biological value of whole egg protein (100) and is higher than that of 
soybeans (84) and legumes (73) (Camire et al. 2009).

The levels of lysine, methionine, threonine, and tryptophan are likely to limit the 
protein quality of mixed diets consumed by humans. Potatoes exceed the recom-
mended levels of these indispensable amino acids, demonstrating that potato protein 
is of high quality. Compared with pasta, white rice, and whole grain cornmeal, 
potatoes are the only staple food meeting the recommended lysine level. However, 
sulfur-containing amino acids (methionine + cysteine) are lower in potatoes than in 
the other common plant staple foods (King and Slavin 2013).

2.2.4  Lipids

Total lipids of potatoes are low and range from 0.1 to 0.5 g/100 g FW and consist 
mainly of phospholipids (47%), glycol and galactolipids (22%), which are struc-
tural elements of biological membranes as well as neutral lipids (21%) such as 
acylglycerols and free fatty acids (Ramadan and Oraby 2016). More than 94% of 
the tuber lipids contain esterified fatty acids. The essential polyunsaturated fatty 
acids with one to three double bounds consist of mainly linoleic acid (C18:2 
cis-9,12, an n-6 fatty acid) and linolenic acid (C18:3 cis-9,12,15, an n-3 fatty acid) 
(70–75%), precursors of a wide range of bioactive compounds generated endoge-
nously (Galliard 1973). The composition of the fatty acids of the potato lipids is 
nutritionally advantageous. For example, potato consumption in the United 
Kingdom was estimated to provide 10 and 13% of the dietary n-6 and n-3 polyun-
saturated fatty acid intake, respectively (Gibson and Kurilich 2013). In contrast, 
potato intake provided only 4% of saturated fatty acid and 6% trans fatty acid intake, 
which was largely attributed to the addition of fats and oils such as butter and mar-
garine to potato dishes.

2.2.5  Fiber

Dietary fiber represents the undigested and unabsorbed carbohydrate part in the 
diet. These resistant carbohydrates may be fermented in the large intestine. Soluble 
fibers lower serum lipids, whereas insoluble fibers increase stool weight (Slavin 
2008). Potatoes contain dietary fiber in their cell walls, especially in the thickened 
cell walls of the peel (Camire et al. 2009). Cooked potatoes without the skin provide 
1.8  g fiber/100  g, FW, whereas cooked potatoes with the skin provide 2.1  g 
fiber/100 g FW. Potatoes contain less fiber than whole-grain cornmeal (7.3 g/100 g), 
but more fiber than white rice (0.3 g/100 g) or whole-wheat cereal (1.6 g/100 g). 
Although potatoes cannot therefore be considered a high-fiber food, they can be a 
significant source of fiber for individuals regularly eating potatoes, particularly in 
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developed countries where fiber intake is generally far below recommended levels 
(Auestad et  al. 2015). In that regard, potatoes have been indicated to contribute 
14.4–26.2% of daily fiber intake in men and women living in the USA based on the 
National Health and Nutrition Examination Survey (NHANES) data (2009–2010).

2.2.6  Minerals

Potassium is the most abundant mineral in potato with concentrations varying from 
150 to 1386 mg/100 g FW (Nassar et al. 2012). Potassium functions as an important 
electrolyte in the nervous system. High intake levels of potassium can help control 
high blood pressure and may decrease the risk of stroke (Bethke and Jansky 2018). 
One hundred grams of boiled potatoes can contribute up to 16% of the Adequate 
Intake (AI) of potassium recommended for adults (4700 mg per day).

Phosphorus and magnesium are also present in potato in moderate quantities 
ranging from 42 to 120 mg/100 g FW and from 16 to 40 mg/100 g FW, respectively 
(Bonierbale et al. 2010). One hundred grams of boiled potatoes can contribute up to 
11% of the Estimated Average Requirement (EAR) of phosphorus and magnesium 
for adults (42–120 and 265–340 mg per day, respectively). Calcium is present in 
minor quantities in potato ranging from 2 to 20 mg/100 g FW; contributing no more 
of 2% of the EAR of calcium for adults (800–1100 mg per day).

Iron and zinc concentrations from raw potatoes range from 0.25 to 0.83 mg/100 g 
FW and from 0.23 to 0.39 mg/100 g FW, respectively (Burgos et al. 2007). Iron and 
zinc concentrations are significantly affected by the growing environment. 
Interestingly, Lombardo et al. (2013) reported that soil composition affects the min-
eral concentration of crops, with a sandy texture of the soil favoring the iron oxida-
tion processes to insoluble polymers and consequently reducing iron availability to 
the plant.

Burgos et  al. (2007) reported iron and zinc concentration in cooked potatoes 
ranging from 0.29 to 0.69  mg/100  g FW and from 0.29 to 0.48  mg/100  g FW, 
respectively. These values are lower than iron and zinc concentrations reported for 
cereals and legumes but bioavailability of iron and zinc from potatoes may be higher 
due to the presence of high levels of ascorbic acid—which facilitates iron absorp-
tion in the human body—and low levels of phytic acid, an inhibitor of iron and zinc 
absorption. It has been recently demonstrated that the bioaccessibility of iron in 
potato is higher than that reported in crops such as wheat and beans. Approximately 
63–79% of the potato iron is released from the food matrix after in vitro gastrointes-
tinal digestion, and therefore available for intestinal absorption (Andre et al. 2015).

In the Andean highlands, where there is little access to meat and the levels of 
anemia and malnutrition are high, potatoes are an important dietary source of iron 
due to their high consumption. For example, in Huancavelica, in the Peruvian high-
lands, women and children consume on average 840 and 200 g of potato per day, 
respectively (De Haan et al. 2019). Similarly, in parts of Rwanda and other African 
countries, women consume an average of 400  g of potatoes per day. Therefore, 
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improving the iron and zinc concentrations of potato and their bioavailability would 
have a real impact to contribute to reduce malnutrition and improve life quality in 
these and other areas where anemia and/or stunted growth are still pervasive.

The International Potato Center (CIP) has been working for the past 15 years on 
potato mineral biofortification to increase the concentration of iron and zinc in this 
crop. The CIP Biofortification Potato Program started from a baseline of 0.48 
mg/100 g FW for iron and 0.35 mg/100 g FW for zinc. After three cycles of breed-
ing and recurrent selection, concentrations of the first biofortified potatoes reach 
0.73 mg iron and 0.63 mg zinc/100 g FW. Considering 400 g of potato consumption 
for women of the Andes, the consumption of biofortified potatoes would cover 41 
and 37% of the EAR of iron and zinc in women.

Presently, CIP is combining the first products of its biofortification breeding pro-
gram with advanced breeding lines to release new varieties that will be able to 
withstand major potato pests and diseases, tolerate heat and drought, providing high 
yields, and respond to preferences of farmers and consumers.

2.2.7  Vitamins

Potatoes are a good source of ascorbic acid (vitamin C) and pyridoxine (vitamin 
B6). Vitamin C as an antioxidant plays an important role in protection against oxida-
tive stress. Vitamin C is an important free radical scavenger of reactive oxygen spe-
cies such as hydroxyl radicals, superoxide anions, singlet oxygen, and hydrogen 
peroxide that can cause tissue damage resulting from lipid peroxidation, DNA 
breakage or base alterations, which may contribute to degenerative diseases such as 
heart disease or cancer (Bates 1997). In addition, due to its participation in the oxi-
dation of transition metal ions, vitamin C also plays an important role in enhancing 
the bioavailability of non-haem iron (Teucher et al. 2004) and serves as a cofactor 
in the synthesis of collagen needed to support cardiovascular function, maintenance 
of cartilage, bones, and teeth, as well as wound healing (Naidu 2003).

Fresh potatoes have varying concentrations of vitamin C, which can reach 
50 mg/100 g FW (Han et  al. 2004) when they are freshly harvested. Significant 
variation in vitamin C concentrations of potatoes occur due to genotype and envi-
ronment and genotype by environment interactions (Andre et  al. 2007; Burgos 
et al. 2009).

Cooking and storage reduce the concentration of vitamin C in potato tubers. In 
addition, there are differences in the degree of reduction of vitamin C content 
depending on the cooking types. Retention levels of vitamin C after boiling in 20 
native landraces varied between 50 and 90%. The losses may be caused by: (1) 
leaching into cooking water, (2) destruction by heat treatment, and (3) oxidation. It 
is interesting to note that the peel forms a barrier preventing loss of nutrients during 
cooking. As a consequence, boiling potato when it is peeled results in 10% more 
loss of vitamin C or phenolic compounds than if it is cooked with the peel (Woolfe 
and Poats 1987). Retention levels after storing under farming conditions has been 
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shown to vary between 22 and 62%, depending on the variety (Burgos et al. 2009). 
Retention levels of vitamin C in 12 genotypes grown in Colorado state in the USA 
after 7 months of cold storage was less than 50% (Külen et al. 2012).

One hundred grams of cooked potatoes with vitamin C levels around 20 mg/100 g 
FW can provide between 27 and 33% of the EAR of vitamin C for an adult (75 for 
males and 60 for females, according to FAO/WHO 2001). One hundred grams of 
cooked potatoes contains lower concentrations of vitamin C than 100 g of cooked 
broccoli (68–108  mg/100  g FW; depending on the way of cooking; Yuan et  al. 
2009), 100 g of cooked spinach (44–79 mg/100 g FW; depending on the way of 
cooking; Zeng 2013) and 100 g of raw red pepper (up to 200 mg/100 g; Wahyuni 
et al. 2011). However, it is noteworthy that the final contribution of a particular food 
to the total intake of vitamin C depends on the total amount consumed in the diet 
and so potatoes may therefore contribute to a significant extent to the total dietary 
intake of vitamin C (Love and Pavek 2008). In that respect, potatoes have been 
estimated to provide over 50% of the daily vitamin C requirement in the USA and 
approximately 20% of the dietary vitamin C intake in Europe (Love and Pavek 2008).

Vitamin B6, also called pyridoxine, is a versatile cofactor for key metabolic pro-
cesses (Hellmann and Mooney 2010) that plays a major role in various cellular 
reactions and also confers several health benefits for humans, which may be partly 
attributed to its antioxidant capabilities (Fitzpatrick et al. 2012). It helps in main-
taining normal nerve function and plays a crucial role in the synthesis of neurotrans-
mitters such as dopamine and serotonin. Vitamin B6 also assists normal nerve cell 
communication and acts as a coenzyme in the breakdown and utilization of carbo-
hydrates, fats and proteins. In plant, it is a potent antioxidant, critical for plant 
pathogen resistance (Spinneker et al. 2007).

Potatoes are considered to be a good dietary source of vitamin B6, with concen-
trations ranging from 0.450 mg/100 g FW to 0.675 mg/100 g FW (Moonney et al. 
2013). Physical and chemical factors such as heat, light exposure, and pH also influ-
ence vitamin B6 content, but this vitamin is relatively stable during storage 
(Fitzpatrick et al. 2012).

The mean concentration of vitamin B6 in cooked potatoes (0.299 mg/100 g FW) 
is higher than the mean concentration of other staple crops such as maize 
(0.139 mg/100 g FW), rice (0.050 mg/100 g FW), cassava (0.051 mg/100 g FW), 
and wheat (0.034 mg/100 g FW) (Fudge et al. 2017). One hundred grams of cooked 
potatoes can provide between 17 and 23% of the Recommended Dietary Allowance 
(RDA) of B6 from an adult (1.3–1.7 mg per day).

Potato tuber contains also moderate amount of vitamin E (Chitchumroonchokchai 
et al. 2017). Vitamin E is the collective name for a set of eight related tocopherols 
and tocotrienols, characterized by a hydrophobic isoprenoid tail and a more hydro-
philic chromanol head (Bramley et  al. 2000). In potato, significant amount of 
α-tocopherol has been found in raw tubers of Andean genotypes, ranging from 68 to 
517.5 μg/100 g FW (recalculated from Andre et al. 2007), whereas amounts in com-
mercial varieties varied between 15 and 75 μg/100 g FW (recalculated from Andre 
et al. 2007 and Chun et al. 2006).
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In humans, as in plants, vitamin E is located primarily within the phospholipid 
bilayer of cell membranes. It reacts with and quenches free radicals in cell mem-
branes, preventing polyunsaturated fatty acids from damage by lipid oxidation. 
Vitamin E deficiency has been associated with an elevated risk of artherosclerosis 
and other degenerative diseases. It is generally assumed that increases of α-tocopherol 
in the diet may contribute to a decreased risk of chronic diseases (Andre et al. 2010). 
The EAR for vitamin E is of 15 mg for women and men (Otten et al. 2010). The 
consumption of high vitamin E containing potato tubers, such as the Andean variet-
ies, could therefore significantly increase the dietary vitamin E intake.

2.2.8  Antioxidants

Potato is one of the most important sources of antioxidants in the human diet 
(Lachman and Hamouz 2005). As such, it supports the antioxidant defense that 
reduces cellular and tissue toxicities that result from free radical-induced protein, 
lipid, carbohydrate, and DNA damage (Andre et al. 2010). In this way, potato anti-
oxidants may reduce the risk for cancers, cardiovascular diseases, and type 2 
diabetes.

Based on metabolic relationships and structural composition, there are three 
major groups of antioxidants present in potato, as in most plants. The first group 
consists in the aromatic phenolic compounds, which encompasses flavonoids 
including anthocyanins and flavonols produced by the flavonoid pathway, hydroxy-
cinnamic acids and their derivatives produced by the phenylpropanoid pathway, and 
the amino acids tyrosine, phenylalanine, and tryptophan produced by the shikimate 
pathway. The second group encompasses the isoprenoid antioxidants such as the 
carotenoids and tocopherols; and the third group includes antioxidants related to 
ascorbate and glutathione functions in a redox system of compound-recycling that 
include ascorbic acid (Lovat et al. 2016).

2.2.9  Phenolics

Phenolic compounds, also known as polyphenols, constitute one of the most widely 
distributed group of dietary antioxidants in the plant kingdom, presenting more than 
10,000 different structures, ranging from relatively simple phenols to complex poly-
mers such as lignans and suberins. Phenolic compounds are produced in the cyto-
plasm and are subsequently transported in the vacuole or deposited in the cell wall. 
Routes to the major classes of phenolic compounds involve: (1) the core phenylpro-
panoid pathway from phenylalanine to an activated (hydroxy)cinnamic acid deriva-
tive, as well as specific branch pathways for the formation of (2) simple phenolic 
acids, lignins and lignans, (3) flavonoids, (4) tannins, and (5) stilbenes (Andre et al. 
2009). Their aromatic cycles can be further modified through hydroxylations, 
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 methylations, glycosylations, acylations, or prenylations, extending their variability 
and complexity (Winkel-Shirley 2001). Phenolic acids include chlorogenic, caffeic, 
ferulic, and sinapic acids. Among flavonoids, anthocyanins are natural pigments, 
responsible for the red-blue color of many fruits and vegetables. Anthocyanins can 
also impact the organoleptic characteristics of foods, which may influence their 
technological behavior during food processing and also have implications in the 
field of human health (Pascual-Teresa and Sanchez-Ballesta 2008). Flavonols repre-
sent one of the most widespread flavonoid classes in plant and include compounds 
like quercetin and kaempferol that are most commonly found in their glycosylated 
form, i.e., linked with glucose or rutinose. As compared to other phenolic com-
pounds, flavonol concentrations are known to be largely influenced by the environ-
mental conditions during plant growth (Lancaster et al. 2000).

Phenolic compounds are considered to be health-promoting phytochemicals as 
they have shown in vitro antioxidant activity and have been reported to exhibit ben-
eficial anti-bacterial, hypoglycemic, anti-viral, anti-carcinogenic, anti- inflammatory 
and vasodilatory properties (Duthie et al. 2000; Mattila and Hellstrom 2006).

2.2.9.1  Chlorogenic Acid

Chlorogenic acid has been reported as the predominant phenolic acid in raw and 
boiled potato tubers (Burgos et al. 2013b). The main function of chlorogenic acid in 
the plant appears to defend against pathogens. Concentrations of chlorogenic acid 
as well as other hydroxycinnamic acids are significantly induced following patho-
gen invasion, and deposited to enforce the cell walls to arrest pathogen development 
(Yogendra et  al. 2015). In humans, these compounds consumed through diet are 
increasingly considered as effective protective agents against reactive oxygen spe-
cies (ROS), which are known to be involved in aging and many degenerative dis-
eases (Liang and Kitts 2015).

The isomers of chlorogenic acid, neo-chlorogenic acid, and crypto-chlorogenic 
acid, as well as caffeic acid are also found in potato tubers (Andre et  al. 2007). 
Potatoes contain three isomers of chlorogenic acid depending on whether the 
hydroxycinnamate is attached to 3-, 4-, or 5-position of the quinic acid moiety with 
5-O-caffeoylquinic acid as the principal chlorogenic acid. The 5-O-caffeoylquinic 
acid (CQA) isomer is also the principal chlorogenic acid component of coffee and 
apples (Stalmach et al. 2010; Clifford 1999). In vitro and ex vivo studies have dem-
onstrated a reduction in oxidation of human LDL following the consumption of 
coffee suggesting that 5-O-CQA protects against in vitro oxidation of human LDL, 
a key step in the formation of atherosclerotic plaques (Natella et al. 2007; Richelle 
et  al. 2001). 5-O-CQA has also been shown to exert anti-carcinogenic effects in 
animal models (Stalmach et al. 2010).

Lachman et  al. (2013) have reported chlorogenic acid concentrations of raw 
potatoes ranging from 7.87 to 60.07 mg/100 g FW in nonpeeled potatoes and from 
5.11 to 46.13 mg/100 g FW in their peeled counterparts, while Burgos et al. (2013b) 
report a wider range of variation in the chlorogenic acid concentration of raw purple 
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potatoes (ranging from 63 to 329.75 mg/100 g FW). Boiling, baking, and micro-
waving reduce the chlorogenic acid concentration of potatoes with boiled tubers 
having a higher retention of chlorogenic acid than baked and microwaved ones 
(Lachman et al. 2013). In a recent study conducted by Piñeros-Niño et al. (2017), 
the chlorogenic acid concentration of cooked tubers from 193 potato varieties 
ranged from 19.25 to 399 mg/100 g FW. In a previous study by Burgos (2014), the 
chlorogenic acid concentration in cooked tubers of purple-fleshed cultivars ranged 
from 36.17 to 395.73  mg/100  g FW and in red-fleshed cultivars from 14.45 to 
48.60 mg/100 g FW.

The highest concentration of chlorogenic acid reported in 100 g of cooked potato 
tubers is similar to the maximum amount provided by a single cup of coffee (350 mg 
chlorogenic acid; Clifford 1999) and is tenfold higher than the maximum amount 
provided by whole apples (38.5 mg/100 g FW, Spanos and Wrolstad 1992).

Chlorogenic acid is only partially bioavailable and its bioactivity may be modu-
lated by the gut microbiota that can generate bioactive secondary microbial pheno-
lic metabolites such as caffeic acid that have much greater bioavailability 
(Tomas-Barberan et al. 2014; Olthof et al. 2003). Chlorogenic acid may also pro-
mote a healthy gut microbiome. In a batch culture fermentation model of the colon, 
chlorogenic acid was found to promote growth of Bifidobacterium bacterial species 
that could be beneficial for gut health (Mills et al. 2015).

2.2.9.2  Anthocyanins

Anthocyanins are a class of water-soluble flavonoids, which show a range of phar-
macological effects, such as prevention of cardiovascular disease, obesity control, 
and anti-tumor activity. Their potential anti-tumor effects are reported to be based 
on a wide variety of biological activities including antioxidant, anti-inflammation, 
anti-mutagenesis, induction of differentiation, inhibiting proliferation by modulat-
ing signal transduction pathways, inducing cell cycle arrest, and stimulating apop-
tosis or autophagy of cancer cells; anti-invasion; anti-metastasis; reversing drug 
resistance of cancer cells and increasing their sensitivity to chemotherapy (Lin 
et al. 2017).

Anthocyanins are present in the flesh and skin of several purple- and red-fleshed 
potatoes such as those landraces found in the Andes, which show a wide range of 
anthocyanin structures and concentrations that are largely cultivar-dependent 
(Brown et  al. 2003) and location-dependent (Ieri et  al. 2011). Increased height 
above sea level, higher annual sum of precipitation, and lower annual average tem-
peratures cause higher anthocyanin concentrations (Lachman et al. 2009).

The total anthocyanin concentration of raw and cooked purple-fleshed potatoes 
ranges from 63 to 588 mg/100 g FW and from 71 to 453 mg/100 g FW, respectively 
(Burgos et  al. 2013a, b). Total anthocyanin concentration of cooked red-fleshed 
potatoes ranges from 8.2 to 55.3 mg/100 g FW (Burgos 2014).

Giusti et  al. (2014) identified five major anthocyanidins (cyanidin, petunidin, 
pelargonidin, peonidin, and malvidin) in extract from purple potato and three major 
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anthocyanidins (cyanidin, pelargonidin, and peonidin) in extracts of red potatoes. 
The extract of purple potatoes contained four major anthocyanins: cyanidin-3- 
rutinoside- 5-glucoside, petunidin-3-rutinoside-5-glucoside, pelargonidin-3- 
rutinoside- 5-glucoside, and peonidin-3-rutinoside-5-glucoside, with petunidin and 
peonidin glycosides being the most predominant. The extract of red-fleshed pota-
toes contained four major anthocyanins: cyanidin-3-rutinoside-5-glucoside, 
pelargonidin- 3-rutinoside-5-glucoside, peonidin-3-rutinoside-5-glucoside, and 
pelargonidin- 3-rutinoside, with pelargonidin-3-rutinoside-5-glucoside being the 
most predominant.

Burgos (2014) characterized the anthocyanin profile of 12 purple-fleshed acces-
sions and 6 red-fleshed accession from CIP’s genebank and found that in purple- 
fleshed accessions the predominant anthocyanin is petunidin-3-(coumaroyl) 
rutinoside-5-glucoside (petanin), representing from 37 to 78% of the total anthocya-
nins. It is followed by peonidin-3-(coumaroyl) rutinoside-5-glucoside, cyanidin- 3-
(coumaroyl) rutinoside-5-glucoside, and minor proportions of malvidin 
3-(coumaroyl) rutinoside-5-glucoside and pelargonidin-3-(coumaroyl) rutinoside- 5- 
glucoside. In red-fleshed accessions, the predominant anthocyanin is pelargonidin- 3-
(coumaryl) rutinoside-5-glucoside, representing 41–75% of the total anthocyanins. 
It is followed by peonidin-3-(coumaroyl) rutinoside-5-glucoside, pelargonidin- 3- 
rutinoside, and cyanidin-3-(coumaroyl) rutinoside-5-glucoside in various propor-
tions and then by pelargonidin-3-(coumaryl) rutinoside in minor proportions. 
Figure  2.2 shows as an example the anthocyanin profile for two purple-fleshed 
accessions (CIP 705534 and CIP 702363) and two red-fleshed accessions (CIP 
703625 and CIP 702453). Pt3(c)R5G represented by the purple bar is dominant in 
the purple-fleshed accessions while PI3R(c)R5G represented by the pink bar is 
dominant in the red-fleshed potatoes.

Fig. 2.2 Anthocyanin profile in purple-fleshed and red-fleshed potatoes. (Pl3R: pelargonidin- 3- 
rutinoside, Pl3R(c)R5G: pelargonidin-3-(coumaroyl) rutinoside-5-glucoside, Pt3(c)R5G: 
petunidin- 3-(coumaroyl) rutinoside-5-glucoside, Po3(c)R5G: peonidin-3-(coumaroyl) rutinoside- 
5- glucoside, C3(c)R5G: cyanidin-3-(coumaroyl) rutinoside-5-glucoside, M3(c)R5G: malvidin 
3-(coumaroyl) rutinoside-5-glucoside)
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The most prominent anthocyanins present in the red- and purple-fleshed acces-
sions are acylated with hydroxycinnamic acid (Fossen and Andersen 2000). Three 
different cinnamic acids were found acylating the anthocyanins in the extract of 
purple and red potatoes: caffeic, p-coumaric and ferulic acid (Giusti et al. 2014). 
Acylated anthocyanins are known to be stable and hence can be considered as prom-
ising natural colorants for the food industry.

The highest anthocyanin concentration reported in a dark purple-fleshed 
potato (above 400 mg/100 g FW; Andre et al. 2007) is lower than in blueberries 
(558 mg/100 g, FW; Hosseinian and Bea 2007), cranberries (589 mg/100 g FW; 
Wada and Ou 2002), eggplant (750  mg/100  g FW; Wu et  al. 2006), and purple 
corn (1642 mg/100 g FW; Cevallos-Casals and Cisneros Zevallos 2003). However, 
the contribution of purple-fleshed potatoes to the diet can be considerably higher 
considering the high mean intake of potatoes in some areas like the Andean high-
lands where consumption may reach 500 g per day, as compared to the mean intake 
of blueberries, cranberries, and eggplant (1  g per day in the United States; Wu 
et al. 2006).

Kubow et al. (2017) studied the biotransformation of anthocyanins from cooked 
purple-fleshed potatoes using a dynamic human gastrointestinal (GI) model that 
includes stomach, small intestine, and colonic vessels. After 24 h digestion, liquid 
chromatography-mass spectrometry identified 15–36 anthocyanin species through-
out the GI vessels. Genetic background of the purple potato cultivars led to major 
variances in the pattern of anthocyanin breakdown and release during digestion 
composition. Diminished concentrations of several anthocyanin species in the 
colonic vessels indicated microbial biotransformation which is, in turn, associated 
to increased bioaccessibility.

The cytotoxicity and cell viability of colonic Caco-2 cancer cells and nontumori-
genic colonic CCD-112CoN cells after 24  h exposure to colonic fecal water of 
purple- fleshed potato digests has been also tested by Kubow et al. (2017). The cul-
tivar Leona showed a significant potency to induce cytotoxicity and decrease viabil-
ity of Caco-2 cells. The differing microbial anthocyanin metabolite profiles in 
colonic vessels between cultivars were indicated to play a significant role in the 
impact of fecal water toxicity on tumor and nontumorigenic cells.

In white- and yellow-fleshed potato tubers, flavonols predominate in the flavo-
noid profile (Andre et al. 2007). Flavonols have been extensively studied in the past 
10 years as they present a range of putative health-promoting effects, including 
reduced risk of cancer and cardiovascular diseases (Wang et  al. 2016). Rutin in 
particular has shown strong antioxidative and anti-inflammatory effects at the cel-
lular level (Habtemariam and Lentini 2015).

In potato tubers, rutin (quercetin-3-O-rutinoside) and kaempferol-3-O-rutinoside 
are the most important compounds, with reported concentrations of 0–4.78 mg and 
0–5.68 mg/100 g FW, respectively, in Andean raw potato tubers (Andre et al. 2007). 
The influence of various cooking methods on potato flavonols has been investigated, 
which revealed the stability of the concentrations through treatment (Navarre et al. 
2010). The bioaccessibility of these compounds was also high (close to 100% on 
average) when evaluated in a collection of 12 Andean potato genotypes (Andre 
et al. 2015).
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2.2.10  Carotenoids

Potatoes contain lipophilic phytonutrients in the form of carotenoids that have 
numerous health-promoting properties including decreasing risk of several chronic 
diseases (Gammone et al. 2015; Wu et al. 2015). Carotenoids have been reported to 
exhibit chemoprevention by a variety of mechanisms including immune system 
activation, protection against oxidative stress, promotion of gap junction communi-
cation, inhibition of DNA damage, enhanced metabolic detoxification, and tumor 
suppressor action and inhibition of oncogene expression (Khachik et  al. 1999; 
Fiedor and Burda 2014).

Potato carotenoid concentrations and profiles are related to the flesh color with 
dark yellow cultivars showing approximately tenfold higher concentrations of total 
carotenoids than white-fleshed varieties (Brown et al. 2005). Significant and pre-
dominant amounts of zeaxanthin and antheraxanthin are found in deep yellow- 
fleshed potatoes while the carotenoid profile of yellow potatoes is composed of 
violaxanthin, antheraxanthin, lutein, and zeaxanthin and that of cream-fleshed pota-
toes of violaxanthin, lutein, and β-carotene (Burgos et al. 2009).

The violaxanthin, antheraxanthin, lutein, and β-carotene concentration of raw 
tubers of potatoes from the Tuberosum group ranged from 1.5 to 87.8 μg/100 g FW, 
0.6 to 15.8 μg/100 g FW; 1.6 to 35.1 μg/100 g FW; and 0.1 to 2.1 μg/100 g FW, 
respectively (Fernandez-Orozco et al. 2013), while the concentration of these carot-
enoids in tubers from the Phureja group ranged from 20.0 to 410 μg/100 g FW; 9.3 
to 503 μg/100 g FW; 55 to 211 μg/100 g FW and 4.8 to 27 μg/100 g FW, respec-
tively (Burgos et al. 2009), and in tubers from the Andigenum group from 14.3 to 
173 μg/100 g FW, 7 to 16 μg/100 g FW; 43.3 to 442 μg/100 g FW and 10.5 to 
54.8 μg/100 g FW, respectively (Andre et al. 2007).

Boiling does not affect the lutein and zeaxanthin concentration of potato; how-
ever, violaxanthin and antheraxanthin concentrations of potatoes are significantly 
reduced after boiling. Lutein and zeaxanthin concentrations of cooked yellow- 
fleshed potatoes ranged from 73 to 253 μg/100 g FW and from 0 to 1048 μg/100 g 
FW, respectively (Burgos et al. 2012) with deep yellow-fleshed potatoes being a 
significant source of zeaxanthin (above 500 μg/100 g FW).

Lutein and zeaxanthin are important dietary carotenoids that are selectively 
taken up into the macula of the eye, where they protect against development of age- 
related macular degeneration and cataracts (Wu et al. 2015). Moreover, these com-
pounds have been reported to have other health-promoting effects, including 
immune-enhancement and reduction of the risk of developing degenerative diseases 
such as cancer and cardiovascular diseases (Krinsky and Johnson 2005). There is no 
recommended daily intake for lutein and zeaxanthin, but many studies show a health 
benefit for lutein supplementation at 10 mg per day and zeaxanthin at 2 mg per day 
(American Optometric Association 2009).

The highest values of lutein and zeaxanthin reported in 100 g of yellow-fleshed 
potatoes are lower compared to the amount of lutein provided by 100 g of lettuce 
(540 μg; Kimura and Rodriguez-Amaya 2003), broccoli (3250 μg; Khachick et al. 
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1992), parsley (5800 μg; Hart and Scott 1995), or spinach (4180 μg; Tee and Lim 
1991); and lower than the amount of zeaxanthin provided by 100 g of maize at its 
highest zeaxanthin concentration (3800 μg/100 g) (Brenna and Berardo 2004) and 
of red paprika (2200 μg/100 g) (Müller 1997; Mínguez Mosquera and Hornero-
Méndez 1994). However, it is important to consider that potato consumption can be 
as high as 500 g per day whereas the mean intake of the above-mentioned vegeta-
bles is less than 50 g per day; hence, the overall contribution of potato-based carot-
enoids to the dietary intake can be higher. Furthermore, the contribution of a food 
source to lutein and zeaxanthin intake depends on their digestive stability, bioacces-
sibility, and bioavailability in the respective food matrix. Bioaccessibility refers to 
the proportion of ingested carotenoid that is released from the food matrix and 
incorporated into micelles in the gastrointestinal tract, and thus available for intes-
tinal absorption (Rodriguez-Amaya 2015). Bioavailability refers to the portion of 
the carotenoid that is absorbed in the body, enters in systemic circulation and 
becomes available for utilization in normal physiological functions or for storage in 
the human body (van Het Hof et al. 2000). The bioavailability of carotenoids from 
plant foods is influenced by the species and structure of carotenoids present in the 
food, composition, and release of carotenoids from the food matrix, absorption in 
the intestinal tract, transportation within the lipoprotein fractions, biochemical con-
versions, and tissue-specific depositions, as well as by the nutritional status of the 
ingesting consumer (Bohn 2017). Research on bioavailability of potato carotenoids 
is required to have more useful and complete information regarding their nutritional 
and health benefits.

Burgos et al. (2013a) evaluated the in vitro digestive stability and the efficiency 
of micellarization or bioaccessibility of lutein and zeaxanthin in yellow- fleshed 
potatoes. The gastric and duodenal digestive stability of lutein and zeaxanthin in 
boiled tubers ranged from 70 to 95% while the bioaccessibility ranged from 33 to 
71% for lutein and from 51 to 71% for zeaxanthin. A more recent study has reported 
that bioaccessibility of lutein and zeaxanthin in yellow-fleshed clones range from 
76 to 82% for lutein and from 24 to 55% for zeaxanthin (Andre et al. 2015).

The maximum bioaccessible lutein concentration reported in yellow-fleshed 
potatoes is around 300 μg/100 g FW while the maximum bioaccessible zeaxanthin 
concentration is around 600 μg/100 g FW. Considering the mean potato intake in the 
Andes of Peru, Ecuador, and Bolivia (500 g per day), potato tubers from the variety 
with the highest bioaccessible lutein could provide 14% of the suggested level of 
lutein intake for having health benefit (10 mg per day). Likewise, potato tubers of 
the variety with the highest bioaccessible zeaxanthin concentration could provide 
50% more than the suggested level of zeaxanthin intake (2 mg per day). In Spain, 
potato was shown to contribute 13–20% towards the total dietary intake of zeaxan-
thin and was ranked as the third main contributor after citrus fruits and green 
 vegetables (Garcia-Closas et al. 2004). More population studies are needed, how-
ever, regarding the nutritional and health contributions of carotenoids as provided 
by potatoes.
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2.3  Antioxidant Activity

Antioxidant activity (AA) describes the capacity of redox molecules in foods and 
biological systems to scavenge free radicals considering the additive and synergis-
tic effects of all antioxidants rather than the effect of single compounds, and may, 
therefore, be useful to study the potential health benefits of antioxidants on oxida-
tive stress-mediated diseases (Puchau et  al. 2010). In that context, mixtures of 
phytochemicals found in plant foods are more effective in improving antioxidant 
status than isolated phytochemicals (DeGraft-Johnson et al. 2007). The antioxi-
dant activity of foods as assessed by indices such as ferric reducing ability of 
plasma (FRAP) has been indicated to be a valid and reproducible determinant of 
human plasma AA measurements (Rautiainen et al. 2008). Antioxidant capacities 
of food staples such as potatoes could thus potentially affect the antioxidant status 
of that population.

The antioxidants in potato are mainly hydrophilic (polyphenols, ascorbic acid, 
anthocyanins, and flavanols) (Fig.  2.3) (Reyes et  al. 2005). In white- or yellow- 
fleshed potatoes, prevalent contributors of AA are chlorogenic acid, gallic acid, caf-
feic acid, and catechin (Reddivari et al. 2007a), while in purple- and red-fleshed 
potatoes the major contributors to AA are anthocyanins and chlorogenic acid 
(Lachman et al. 2009). Potatoes also contain lipophilic antioxidants (carotenoids 
and vitamin E) (Fig. 2.4).

Because antioxidant activity of potato anthocyanins results from the synergistic 
effect of each anthocyanin pigment (Hayashi et al. 2003), it is important to assess 
different pigmented potato cultivars for individual anthocyanidin content, as well as 
the contribution of the anthocyanidin composition to their antioxidant activity. A 
high degree of hydroxylation and/or methoxylation of individual anthocyanidins 
could contribute in conjunction with other phenolics to high AA (Lachman 
et al. 2009).

Burgos et al. (2013b) reported that boiled potatoes of purple-fleshed potato vari-
eties have an AA ranging from 4017 to 17,304 mg Trolox equivalents (TEq)/g, FW 
as determined by the 2,2-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS) 
antioxidant capacity measure and from 2369 to 9754 mg TEq/g, FW as determined 
by 1,1-diphenyl-2-picryl-hydrazyl (DPPH) antioxidant capacity assay. Compared to 
other sources of antioxidants, potato has lower AA than strawberry, blackberry, and 
blueberry as determined by the ABTS assay (around 25,030–50,000 mg TEq/g, FW, 
Garcia-Alonso et al. 2004). However, as indicated above the overall contribution of 
potato to the antioxidant intake of a population will finally depend in the amount of 
potatoes typically consumed.

Ombra et  al. (2015) reported after simulated gastrointestinal digestion, the 
extracts from purple potato have high in  vitro antioxidant, antimicrobial, and 
 anti- proliferative activities against the colon cancer cells Caco-2 and SW48 and the 
breast cancer cells MCF-7 and MDA-MB-231.

After digestion of cooked tubers from purple-fleshed potatoes using a dynamic 
human gastrointestinal model, Kubow et al. (2017) found an increased FRAP anti-
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Fig. 2.3 Chemical structure of hydrophilic antioxidants in potato
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oxidant activity in the colonic reactors. Metabolic microbial breakdown of antho-
cyanins over a 24 h period appeared to generate sufficient amounts of microbial 
metabolites to produce an improvement in antioxidant capacity. Anthocyanins and 
their metabolites can, via antioxidant activity, provide protection for intestinal cells 
against oxidative stress in the gut, and hence alleviate gut inflammation, protect 
against colorectal cancer, and generally enhance colorectal health.

Fig. 2.4 Chemical structure of lipophilic antioxidants in potato
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2.4  Glycoalkaloids

Glycoalkaloids are secondary plant metabolites that serve as natural defenses 
against bacteria, fungi, viruses, and insects (Friedman 2004). They can be toxic for 
humans when present in high concentrations, and can impart a bitter taste to pota-
toes. However, glycoalkaloids and hydrolysis products without the carbohydrate 
side chain (aglycones) also have beneficial effects that include: lowering of choles-
terol (Friedman et al. 2003) and inhibition of the growing of cancer cells in culture 
as well as tumor growth in vivo (Friedman 2015).

Although there are many glycoalkaloids, α-chaconine and α-solanine make up 
95% of the total glycoalkaloids present (Friedman et al. 1997); α-solanine is found 
in greater concentrations than α-chaconine, and α-solanine has only half as much 
specific toxic activity as a α-chaconine (Lachman et al. 2001).

Experiments with human taste panels revealed potato varieties with glycoalka-
loid levels exceeding 14  mg/100  g FW tasted bitter (Friedman 2006). Those in 
excess of 22 mg/100 g FW also induced mild to severe burning sensations in the 
mouths and throats of panel members.

Glycoalkaloid levels vary greatly in different potato varieties and may be influ-
enced by factors such as light, mechanical injury, and storage. They are also influ-
enced by stress such as heat and drought during production. This raises concern for 
maintaining the quality of potatoes under climate change (Andre et al. 2009), and 
suggests increased attention may be needed to glycoalkaloid concentrations of 
potato varieties bred for or grown in warm environments.

Glycoalkaloid concentration of raw potatoes ranges from 0.7 to 18.7 mg/100 g 
FW (Friedman et al. 2003). Peeling significantly reduced the glycoalkaloid levels in 
the tubers: solanine to 43.6% and chaconine to 31% (Lachman et al. 2013). Cooking 
also significantly reduced the levels of glycoalkaloids (Tajner-Czopek et al. 2008), 
with boiling reducing the levels of glycoalkaloids more than baking and microwav-
ing (Lachman et al. 2013).

Glycoalkaloid content in potato tubers should not exceed 20  mg/100  g FW, 
because this level is dangerous for human health (Ruprich et al. 2009). The toxicity 
of glycoalkaloids at appropriate high levels may be due to adverse effects such as 
anticholinesterase activity on the central nervous system and to disruption of cell 
membranes adversely affecting the digestive system and general body metabolism 
(Friedman et al. 2003). The toxicity of glycoalkaloids is associated with the syner-
gistic interaction between two main components of glycoalkaloids: α-solanine and 
α-chaconine.

However, glycoalkaloids also have anti-carcinogenic properties. Exposure of 
cancer cells to glycoalkaloids produced potatoes (α-chaconine and α-solanine) or 
their hydrolysis products (mono-, di-, and trisaccharide derivatives and the agly-
cones solasodine, solanidine, and tomatidine) inhibits the growth of the tumor cells 
in culture as well as in vivo tumor growth (Friedman 2015). On the basis of the anti-
carcinogenic properties of these potato components, it is conceivable that the levels 
typically noted in commercial potatoes might help to protect against multiple can-
cers. Epidemiological studies, however, are needed to substantiate this possibility.
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2.5  Contribution to Health

Population-based epidemiological studies have emphasized the importance of nutri-
tion to combat metabolic disorders emerging worldwide that have been associated 
with diet, such as diabetes, cancer, and cardiovascular diseases. In that regard, 
higher intakes of fruits and vegetables have been consistently indicated to exert 
protective effects against such chronic diseases (Dragsted et al. 2006). Potato has 
been underappreciated relative to other vegetables as it has been subject to contro-
versy such as being labeled as a contributor to development of obesity and diabetes 
(Burlingame et al. 2009). On the other hand, potatoes contain relatively high con-
centrations of key phytonutrients that have shown bioactivities that could counteract 
chronic disease development (Ezekiel et al. 2013). Potatoes have shown promising 
health-promoting effects in human cell culture, experimental animals, and human 
clinical studies, including anti-cancer, hypocholesterolemic, anti- inflammatory, 
anti-obesity, and anti-diabetic properties. Nutritional compounds of potatoes such 
as phenolics, anthocyanins, fiber, starch as well as compounds considered anti-
nutritional such as glycoalkaloids, lectins, and proteinase inhibitors are believed to 
contribute to the health benefits of potatoes (Fig. 2.5). As there are many biological 
activities attributed to the compounds present in potato, some of which could be 
beneficial or detrimental depending on specific circumstances, long-term studies 
investigating the association between potato consumption and diabetes, obesity, 
cardiovascular disease, and cancer while controlling for fat intake are needed 
(Visvanathan et al. 2016).

2.5.1  Anticancer Effect

Several studies have shown a reduction in proliferation of cancer cells when treated 
with potato extracts. Potato antioxidants such as phenolic acids and anthocyanins, 
glycoalkaloids, fiber, and proteinase inhibitors identified in potatoes have been 
implicated in the suppression of cancer cell proliferation in vitro and in vivo.

2.5.1.1  Role of Potato Antioxidants

Phenolic acids and anthocyanins are potato antioxidants that have reported anti- 
carcinogenic activity. Hayashi et al. (2006) reported that anthocyanins in steamed 
purple and red potatoes suppressed the growth of benzopyrene-induced stomach 
cancer in mice. Reddivari et al. (2007b) found that the anthocyanin fractions from 
potato extracts were cytotoxic to prostate cancer cells through activation of caspase- 
dependent and caspase-independent pathways. Madiwale et al. (2011) reported that 
purple flesh potatoes rich in anthocyanins suppressed proliferation and elevated 
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apoptosis of colon cancer cells compared with white and yellow flesh potatoes. In a 
more recent study, Charepalli et  al. (2015) found that extracts of purple-fleshed 
potatoes suppress colon tumorigenesis via elimination of colon cancer stem cells. 
Chlorogenic acid, the main phenolic acid of potato, is effective against human liver, 
colon, and prostate cancer cells (Wang et  al. 2011) and inhibits significantly the 
proliferation of colon cancer and prostate cancer cells.

Fig. 2.5 Health benefits of potatoes
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2.5.1.2  Role of Potato Glycoalkaloids

α-Solanine and α-chaconine, the main steroidal glycoalkaloids in potatoes, are well 
studied for their antitumor properties (Friedman 2015). Lee et al. (2004) found that 
α-solanine exhibited growth inhibition and apoptosis induction in multiple cancer 
cells such human colon (HT29) and liver (HepG2) cancer cells. Friedman et  al. 
(2005) evaluated the anti-carcinogenic effect of α-solanine and α-chaconine 
extracted from five fresh potato varieties (Dejima, Jowon, Sumi, Toya, and Vora 
Valley) and found that glycoalkaloids exerted anti-proliferative effects of the fol-
lowing human tumor cell lines: cervical (HeLa), liver (HepG2), lymphoma (U937), 
stomach (AGS and KATO III) cells, and on normal liver (Chang) cells. Friedman 
et al. (2005) also reported that the anti-proliferative effects of the glycoalkaloids 
were concentration dependent and that α-chaconine was more bioactive than 
α-solanine. Yang et  al. (2006) found that α-chaconine induced the apoptosis of 
HT-29 human colon cancer cells through caspase-3 activation and inhibition of 
extracellular signal-regulated kinase phosphorylation.

Reddivari et al. (2010) showed that α-chaconine exhibited potent anti- proliferative 
properties and increased cyclin-dependent kinase inhibitor p27 levels in two pros-
tate cancer cell lines, LNCaP and PC3. More recently, it has been reported that 
α-solanine, has a positive effect on the inhibition of pancreatic cancer cell growth 
in vitro and in vivo. Sun et al. (2014) demonstrated that α-solanine inhibited cancer 
cell growth through caspase 3-dependent mitochondrial apoptosis and that the 
expression of tumor metastasis-related proteins, MMP-2 and MMP-9, was also 
decreased in the cells treated with α-solanine. Lv et  al. (2014) reported that 
α-solanine inhibited proliferation of PANC-1, sw1990, MIA PaCa-2 cells in a dose- 
dependent manner, as well as cell migration and invasion with a toxic dose and that 
the administration of α-solanine during 2 weeks in a xenograft model reduces the 
tumor volume and weight by 43–61%. These studies showed beneficial effects on 
pancreatic cancer in vitro and in vivo, which may be mediated via suppressing path-
ways involving proliferation, angiogenesis, and metastasis.

2.5.1.3  Role of Potato Fiber

Langner et  al. (2009) reported that commercially available potato fiber extract 
(Potex) exhibited anti-proliferative effects in several tumor cell cultures. The fiber 
extract decreased cancer cell motility, induced apoptosis, and also caused morpho-
logical changes in tumor cells.

2.6  Anti-diabetic and Anti-obesity Effects

Potato consumption has often been associated in cohort studies with elevated risk of 
type 2 diabetes (Muraki et al. 2016) and obesity (Borch et al. 2016), which has been 
attributed to a relatively high glycemic index in some potato varieties and processed 
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potato products containing added saturated and trans fats. A major confounding fac-
tor in such studies is typical Western dietary patterns associated with increased dis-
ease risk typically include potato consumption along with high intake of red and 
processed meat, refined grains, high-fat dairy products, fried foods and sugar 
(Pastorino et al. 2016). More research is needed to adjust association of food items 
such as potatoes in such dietary patterns (Hu 2002). Moreover, RDS present in 
cooked potatoes (especially amylose) tends to retrograde upon cooling generating 
appreciable amounts of slowly digestible starch (SDS) or resistant starch (RS) that 
contribute to dietary fiber content (Sajilata et al. 2006) and potentially positively 
impact health by slowing postprandial glucose release from cooked potatoes (King 
and Slavin 2013).

GI values below 56 are considered as low glycemic index while values above 74 
are considered to indicate a high glycemic index. GI values in potato ranged from 
56 to 94 for eight British cultivars (Henry et al. 2005) and from 53 to 103 for seven 
Australian cultivars (Wang et al. 2014). When boiled red potatoes were served hot 
to volunteers, a GI of 89.4 was found (Fernandes et al. 2005). When cooking is fol-
lowed by cooling, amylose retrogrades to produce resistant starch. The GI response 
was only 56.2 when cooking was followed by refrigeration of 12–24 h.

Potato chips and French fries have been implicated by some nutrition researchers 
as major contributors to obesity risk as these products contain a high fat and caloric 
content. Potato servings, however, are not likely in themselves to promote obesity 
as potatoes are considered to have a low energy density as they are a low-fat food 
with a high-water content (Anderson et  al. 2013). Potato-based foods with high 
calorie fat additions have been considered as a major culprit towards obesity risk 
(Camire et al. 2009).

Conversely, potatoes may have a role in controlling appetite and therefore weight 
gain, by contributing to satiety. Satiety is the feeling of fullness and the loss of hun-
ger that occur after eating. Many factors influence satiety, including the rate of gas-
tric emptying and the proportion of macronutrients in the food. Foods that increase 
satiety are thought to promote weight control by delaying subsequent meals and 
total calories consumed (Camire et  al. 2009). Compared to rice and pasta, adult 
feeding studies have shown that satiating amounts of potatoes co-ingested with 
meat resulted in lower energy intake and postprandial insulin concentrations; and 
higher levels of ghrelin, which is a gastric orexigenic appetite-stimulating hormone 
that contributes to feeding regulation (Erdmann et  al. 2007). Likewise, studies 
involving children showed that meat co-ingestion with boiled mashed potato 
resulted in an approximate 40% lower energy intake as compared to meat consumed 
together with either pasta or rice (Akilen et al. 2016). The stronger satiety of boiled 
mashed potato for the calories consumed was related to similar suppression of 
 ghrelin postprandially relative to the other carbohydrate-rich foods despite the lower 
potato meal intake. Short-term intervention studies have generally indicated that 
high GI meals decrease satiety, and an increase in the return of hunger and energy 
intake at a later meal as opposed to low glycemic index meals containing potatoes 
(Roberts 2000).
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2.7  Anti-hyperlipidemic, Anti-hypertensive 
and Anti- inflammatory Effects

A variety of animal feeding studies have shown cholesterol-lowering properties 
from potato intake that have been related to its content of protein, resistant and 
phosphorylated starch, fiber, glycoalkaloids (Friedman 2006), and phenolic com-
pounds (Friedman 1997). Robert et al. (2006) found that consumption of cooked 
potatoes (consumed with skin) improved lipid metabolism in cholesterol-fed rats. 
Rats fed a potato-enriched diet for 3  weeks had lower concentrations of plasma 
cholesterol and triglycerides and reduced liver cholesterol content. Hashimoto et al. 
(2006) showed that retrograded starch from two varieties of potato pulp lowered 
serum total cholesterol and triglyceride concentrations. The authors indicated that 
the retrograded starch promoted the excretion of bile acids resulting in a low con-
centration of serum cholesterol; and that retrograded starch inhibited the synthesis 
of fatty acids at the mRNA levels of fatty acid synthase (FAS) and SREBP-1c, 
which might be related to the observed reduction of the serum triglyceride concen-
trations. Kanazawa et al. (2008) reported that gelatinized potato starch containing a 
high level of phosphate reduced concentrations of serum-free fatty acids and tri-
glycerides and liver triglycerides.

Liyanage et  al. (2008) have demonstrated the hypocholesterolemic effect of 
potato peptides. Rats fed a cholesterol-free diet containing 20% (w/w) potato pep-
tides showed greater concentrations of serum high-density lipoprotein (HDL) cho-
lesterol and increased fecal steroid output and lesser non-HDL cholesterol 
concentrations than rat fed diets containing 20% casein peptides. The results were 
attributed to inhibition of cholesterol absorption, possibly via suppression of micel-
lar solubility of cholesterol. In a follow-up study, Liyanage et al. (2009) found that 
potato peptides reduced the serum non-HDL cholesterol concentrations by stimulat-
ing fecal steroid excretion, accelerated by cecal short-chain fatty acids in a hyper-
cholesterolemic rat model. There is a lack of data, however, from randomized 
controlled trials to demonstrate a relationship between potato consumption and 
blood lipid parameters in humans.

Vinson et al. (2012) showed a significant lowering of systolic blood pressure in 
humans after supplementation to hypertensive subjects in a 4-week cross-over trial 
involving consumption of six to eight small purple potatoes twice daily versus no 
potato intake. The blood pressure lowering effect was related to high intake of poly-
phenols associated with the pigmented potatoes. This latter intervention trial is 
 contrasted by an analysis from three large prospective cohort studies indicating 
increased hypertension risk in association with potato intake of four or more serv-
ings per month as opposed to one serving per month (Borgi et al. 2016). A major 
limitation of such trials is that co-ingestion of salt, high-salt foods, saturated or trans 
fats with potatoes could have contributed to the hypertension risk as opposed to 
potato per se, particularly since potatoes are typically eaten in a meal context (Miller 
and Stanner 2016). In support of this contention, a 3-year longitudinal study of 
Japanese people showed that adherence to a traditional Japanese dietary pattern 
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exerted favorable effects on blood pressure that was partly associated with potato 
intake (Niu et al. 2016).

Relatively high intake of potassium is needed to counteract the blood pressure 
raising effects of a high sodium diet and so protect against hypertension (Camire 
et al. 2009). An increase in consumption of potassium-rich foods has been promoted 
to combat hypertension and cardiovascular disease (WHO 2012). In that regard, 
intake of potassium-rich foods has been indicated to protect against stroke risk 
(Adebamowo et al. 2015). As potatoes are rich in potassium and are naturally very 
low in sodium content, this food could counter development of hypertension- 
associated diseases. Additionally, Makinen et al. (2008) reported that a protein iso-
lated from vascular bundle and inner tuber tissues of potato enhanced the inhibition 
of the angiotensin converting enzyme I, a biochemical factor affecting blood pres-
sure that contributes to hypertension.

Kaspar et al. (2011) found anti-inflammatory effects in healthy men consuming 
white and pigmented potatoes with greater effects from pigmented potatoes. Potato 
phenolics and glycoalkaloids have shown evidence of anti-inflammatory activities 
(Kenny et al. 2013). Indigestible carbohydrates including resistant starch and fiber 
have demonstrated the ability to modulate inflammatory markers in both animal 
models (Vaziri et al. 2014) and human clinical trials (Jiao et al. 2015). Hence, the 
contribution of resistant starch or fiber from select potato products may have also 
direct impact on inflammatory stress in humans.

2.8  Potato and Its Relationship with Cardiovascular Diseases

As a key dietary source of potassium, vitamin C, and dietary fiber, potatoes contrib-
ute significantly to nutrients with defined roles in promoting cardiovascular health 
(McGill et al. 2013). Boiled potatoes have been shown to have favorable impact on 
several measures of cardiometabolic health in animals and humans, including low-
ering blood pressure, improving lipid profiles, and decreasing markers of inflamma-
tion (McGill et al. 2013). When eaten as a regular food item and consumed with 
skin, potato intake can significantly enhance cardioprotective fiber intake that is 
generally lacking in Western-type diets (Lockyer et  al. 2016). Large prospective 
studies in Sweden involving a 13-year follow-up showed no adverse relationship of 
higher potato intake with cardiovascular risk for either morbidity or mortality 
(Larsson and Wolk 2016). Similarly, a systematic review of five observational 
 studies carried out by Borch et al. (2016) showed no convincing evidence to support 
an adverse association between unprocessed potato intake and the risk of develop-
ing metabolic disorders including obesity, type 2 diabetes, and cardiovascular dis-
ease. On the other hand, processed potato products like French fries and potato 
crisps, with high lipid and trans fats content and added sodium can have adverse 
effect of the heart health and so should be minimized in the diet. In that regard, 
despite the lack of a relationship between chronic disease risk and potato intake in 
the above comprehensive review by Borch et al. (2016), they showed that French 
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fries and fried potato were associated with an increased risk for obesity and type 2 
diabetes. Likewise, a longitudinal study involving 4440 subjects with an 8-year 
follow-up showed no association between higher potato intake and mortality risk, 
whereas participants who consumed fried potatoes two to three times/week had an 
increased mortality risk (Veronese et al. 2017). Camire et al. (2009) have recom-
mended preparing potatoes with minimum lipid addition and consume potatoes 
with peels to conserve their cardiovascular health promoting properties.

2.9  Concluding Remarks

Potato is an important source of carbohydrates, resistant starch, quality protein, 
vitamins C and B6 as well as potassium. Potatoes are also a source of antioxidants. 
Chlorogenic acid and glycoalkaloids are present in all potatoes independently of the 
flesh color while deep yellow-fleshed potatoes contain high amounts of lutein and 
zeaxanthin; and purple-fleshed potatoes contain high amounts of anthocyanins. 
Potatoes glycoalkaloids in high concentrations can be toxic to humans but in low 
concentrations can have beneficial effects such as inhibition of the growth of can-
cer cells.

The contribution of potato to the diet is affected by cooking, potato intake, and 
the bioavailability of potato nutrients. Potato vitamins are significantly reduced 
after cooking. However, 100  g of cooked potatoes provide around 30% of the 
requirement of vitamin C and 20% od the requirement of vitamin B6. Potato carot-
enoids and anthocyanins show high recoveries after cooking due to an improved 
release of these antioxidants. In vitro studies demonstrate that potato lutein and 
zeaxanthin have a high bioaccessibility and that potato phenolics undergo microbial 
transformation in the intestinal tract producing metabolites that may also promote a 
healthy gut microbiome. Further research in humans is needed to confirm the ben-
eficial effect of potato phenolics in the gut.

In areas where potato is consumed in large quantities like in the highlands of 
Latin American countries, the potato contribution to the energy, protein, iron, and 
zinc intake is significant. In those areas, iron and zinc biofortified potatoes are 
expected to contribute to reduce malnutrition and anemia. Nevertheless, to assess 
the full potential of the biofortified potatoes, human studies are required to gain 
insight on how much of the iron from biofortified potatoes are absorbed by the 
human body.

Regarding its contribution to human health, potatoes have shown promising 
health-promoting effects in human cell culture, experimental animals, and human 
clinical studies. Potato compounds such as phenolic acids and anthocyanins, gly-
coalkaloids, fiber, and proteinase inhibitors have been implicated in the suppression 
of cancer cell proliferation in vitro and in vivo and are believed to contribute to the 
hypocholesterolemic, anti-inflammatory, anti-obesity and anti-diabetic properties 
of potato.
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