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Potato (Solanum tuberosum L.) has gradually become a stable food worldwide since it can be a practical nutritional
supplement and antioxidant as well as an energy provider for human beings. Financially and nutritionally, the
cultivation and utility of potatoes is worthy of attention from the world. Exploring the functionality and maximizing
the utilization of its component parts as well as developing new products based on the potato is still an ongoing
issue. To maximize the benefits of potato and induce new high-value products while avoiding unfavorable

properties of the crop has been a growing trend in food and medical areas.

phytochemicals nutrition potato

| 1. Introduction

The role of potatoes on the table varies with the development of the region. In many developed countries, it acts as
a vegetable, with intakes varying from the lowest value in the UK of 102 g to the maximum intake in Belarus of 181
g per capita per day for adults . On the other hand, especially in some rural areas of America and in the
highlands of Latin American countries, the daily consumption of potato by adults is as much as 5-6 times the
quantities in developed countries [&. China ranked first in potato production and made up about 24.53% of the
world production in 2018, according to the Food and Agriculture Organization of the United Nations database 2,
The potatoes have gained fame as a globally consumed food crop mostly due to its qualities of tremendous vyield
per unit area [, affordability 2, and large daily consumption. Potato functions as an antioxidant, antibacterial, anti-
inflammatory, anti-obesity, anti-cancer, and anti-diabetes product in human and animal clinical studies (61,
Compounds existing in potatoes such as starch, protein, fiber, mineral, polyphenols, and carotenoids are thought to
have a variety of benefits for human beings [€, although there are significant differences in the nutritional profiles
and contributions of different potato cultivars to the human body. For the whole potato tuber, the carotenoid
concentration of yellow-fleshed potatoes is higher than that of white- or purple-fleshed potatoes, while the
anthocyanin concentration of purple potatoes is higher than that of red- or white-fleshed potatoes. Since
polyphenols are mainly concentrated in the peel, colored potatoes generally have higher anthocyanin and
carotenoid concentrations than whole white potatoes. The potato’s beneficial properties are attributed to the
presence of these nutritional compositions.

However, with the increasing concern about weight and diabetes as well as cancer, potato as a carbohydrate-rich
food is generally considered to have a high glycemic index and glycemic load @& which is routinely described is
being related to the risk of type 2-diabetes [l and weight gain 2. Promisingly, some studies support the positive

effects of eating potatoes on our overall health 2 even though a small minority of them claim that the
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consumption does not affect weight control or diabetes [8. In contrast, some research indicates that the
consumption of potatoes has a direct association with an increase in hypertension 22 since potassium
supplementation has a potential preventative effect on hypertension and chronic disease 3. Hypertension is a
major risk factor for cardiovascular diseases, especially coronary heart disease, stroke, and heart failure as well as
renal failure (WHO, 2004). This is the reason for the decline in the consumption of potatoes in the past few
decades. To change the negative trend and alleviate grain shortages by eating potatoes in some areas, it is crucial
to make clear the functions of nutritionally important components of potato tubers and what factors should be first

considered when processing certain potatoes.

| 2. Functional Phytochemicals in Potato

Potatoes are an excellent source of antioxidants, which include carotenoids, anthocyanin, phenolic compounds,
and vitamin C. Nutritionally, these compounds play a role in preventing cancer and heart attacks with their potent
antioxidative properties 24!, Carotenoids accumulate in many plants, giving yellow, orange, and red colors. The
color of yellow potatoes is ascribed to carotenoids, which show high concentrations in yellow cultivars, while the
color may be masked by anthocyanins in red- or purple-fleshed potatoes. Carotenoids contain primarily lutein,
zeaxanthin, and violaxanthin, all of which are xanthophylls present in the flesh of potatoes. The composition of

tuber carotenoid varies with cultivars; however, violaxanthin and lutein usually are the most abundant proportions.

| 3. Carotenoids and Health Benefits

The quantity of total carotenoids in vegetables varies among cultivars and ranges from 0.038 (potato) to 17.31
(spinach) 131 mg/100 g FW, whereas in potato, the value ranges from 0.038 to 2.00 mg/100 g FW R8II7I18] Among
all the fresh fruits and vegetables analyzed, certain potatoes have a comparable value (2.00 mg/100 g FW) 23] with
other vegetables such as cabbage (0.25 to 0.43 mg/100 g FW) 123, strawberry (0.96 to 3.30 mg/100 g FW) 22l and
tomato (1.63 to 8.57 mg/100 g Fw) [29[21],

The carotenoid concentration in colored flesh potatoes is shown in Figure 1. The content of carotenoids ranges
from 38.1-265 pg/100 g FW in white-fleshed varieties and 107.5-260.3 pg/100g FW in yellow-fleshed cultivars to
567 ug/100g FW in yellowish—orange cultivars; some dark-yellow-fleshed cultivars even have a carotenoid content
as high as 2000 pg/100 g FW (as shown in Figure 1). Among all the various colored fresh cultivars, yellow-fleshed
varieties have the highest carotenoid content, followed by cream and white. Furthermore, over 100 cultivars grown
in Ireland and Spain were shown to have carotenoid content from trace amounts to 28 ug/g DW in the skin and 9
ug/g DW in the flesh 221231, The lipophilic extract of potato with total carotenoids ranging from 35 to 795 per 100 g
FW flesh shows 4.6-15.3 nmoles of a-tocopherol equivalents per 100 g FW of oxygen radical absorbance capacity
(ORAC) values [24],
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Figure 1. Total carotenoid concentrations by spectrophotometry and HPLC in potatoes.

Furthermore, potato as a staple food is most commonly consumed and has the greatest daily intake every day
compared with other selected vegetables. That is to say, potato can be a key and more accessible carotenoid
supplement in our daily life. Potato is not the origin of pro-vitamins. However, carotenoids can have provitamin A
activity and thus can decrease the risk of several diseases [25](26] age-related macular degeneration, and the onset
of cataracts (21281291 The process of carotenoid accumulation is the result of the biosynthesis, degradation, and
stable storage of synthetic products B9E1]

Multiple factors control the broad diversity of carotenoid composition and content in storage tissue. Regulation of
the catalytic activity of carotenoid biosynthesis can be a key and practical control for the final carotenoid

accumulation. Phytoene synthase (PSY) is the rate-limiting step in the carotenoid biosynthetic pathway, and
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manipulation of PSY expression in many plants has been demonstrated to enhance carotenoid synthesis by

directing metabolic flux into the carotenoid biosynthetic pathway [22[331[34],

Carotenoid cleavage dioxygenases (CCDs) catabolize the enzymatic degradation of carotenoids. Expression of
these genes inversely regulates carotenoid accumulation 21281 | CY-b and LCY-e can manipulate the synthesis of
o-carotene and [3-carotene, respectively. The tissue-specific expression of carotenoid biosynthesis genes in potato
is marked in red color in Figure 2. Methods such as traditional breeding and metabolic engineering approaches
have been utilized to improve the tuber carotenoid content. Traditional breeding can increase carotenoids based on
broad-sense heritability of carotenoids BZ. The Y locus encodes a B-carotene hydroxylase and largely determines
the tuber flesh color and zeaxanthin synthesis B89, Molecular analysis has identified a QTL on chromosome 3
responsible for up to 71% of the carotenoid variation that is probably an allele of -carotene hydroxylase, and
several additional alleles affecting the amount of carotenoid have been identified B4 A variety of transgenic
approaches have achieved great success in increasing tuber carotenoids. The overexpression of bacterial
phytoene synthase can increase total carotenoids from 5.6 to 35 pg/g DW, luteins 19-fold, and (-carotene from
trace amounts to 11 pg/g DW B4l Furthermore, a study showed that the overexpression of three bacterial genes in
the Desiree potato caused a 3600-fold increase in (3-carotene to 47 pg/g DW, a 30-fold increase in lutein, and a 20-
fold increase in total carotenoids, producing a “golden potato” 42, Manipulating the vitamin A pathway can fulfill
42% of the daily requirement for vitamin A (retinal activity equivalents) and 34% of the daily requirement for vitamin

E by consuming a modest 150 g serving of boiled potatoes 431,
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Figure 2. Biosynthesis, metabolic pathway. and gene regulation of carotenoid compounds in potatoes.

| 4. Phenolic Compounds and Antioxidant Activities

Potato supplies considerable phenolic compounds, which are concentrated in the peel and adjoining tissues [44],
The predominant one is chlorogenic acid (CGA), which consists of approximately 80% of the total phenolic acids.
Red- and purple-fleshed potatoes usually contain more CGA than white potatoes. CGA may have a potential effect
in reducing the risk of type 2-diabetes and slowing the entry of glucose into the bloodstream 2. CGA in potatoes is
synthesized via hydroxycinnamoyl CoA: quinatehydroxycinnamoyltransferase 48471, The R2R3 transcription factor
StAN1 appears to mediate CGA expression and also regulates anthocyanins 8. Phenylpropanoid (phenolic acids,
flavonols, and anthocyanins) content varies markedly among cultivars, which is related in some way to the genetic
diversity 49, Andean potato landraces show about an 11-fold variation in phenolic acids and flavan-3-ols, and a

high correlation between phenolics and total antioxidant activity 2UB152 Chilean landraces display 8- or 11-fold
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more phenylpropanoids than Desiree and Shepody, two common cultivars 231, The phenolic content extracted from
potato peel has been reported to have an antioxidant-mediated protective effect in erythrocytes against oxidative
damage. However, polyphenol preservation is one of the keys to the quality of potato, affecting their flavor
induction (astringency) and capacity to cause discolorations, such as enzymatic browning reactions 44!, Since most
potato phenolics except anthocyanins are colorless, they present in white- and yellow-fleshed cultivars, which are
desirable culinary ingredients in many countries. Total phenols/Total phenolic content (TPC) in a variety of plant

cultivars as obtained from the Folin—Ciocalteau reagent (FCR) or HPLC was shown in Table 1.

Table 1. Total phenols in a variety of plant cultivars as obtained from the Folin—Ciocalteau reagent (FCR) or HPLC.

Variety/Plant FCR HPLC
Cultivar g GAE/kg FW g GAE/kg DW mg/100 g FW mg/100 g DW
Cauliflower 0.57-2.55 5.60-29.13 30-217
Cabbage 1.70-2.53 1.90-26.29 0.50 125-387
Broccoli 0.96-3.76 1.10-1.14 1173
Spinach 0.50-2.34 11.8
Carrot
0.16-10.29 1.10-1.90 0.30-39.76

(orange & black)

Brinjal 0.82-2.92
Green bean 0.78-4.58 17.10-66.3
Mushroom 0.09-1.80
Tomato 0.14-2.91 26.57
Strawberry 0.99-3.05
Blueberry 2.20-7.53
Kiwifruit 0.80-0.96
Pea 0.80-1.20
Brussels sprouts 147
Italian kale 1127
Potato 0.31-8.83 4.48-11.19 23.2-67.4 260-2852

Despite reviewing many research studies, it was difficult to make a comparison between various vegetables since
different methods were used previously. By examining the total phenol of plants determined according to the Folin—

Ciocalteau (F-C) colorimetric method and expressed on a gram of gallic acid equivalents (GAE) per kilogram of
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fresh weight basis (g GAE/kg FW), potato (0.31 to 8.83 g GAE/kg FW) is found to offer comparable value to certain
vegetables and fruits, such as carrot (0.16 to 10.29 g GAE/kg FW) and blueberry (2.20 to 7.53 g GAE/kg FW), and
is superior to some cultivars, such as cauliflower (0.57 to 2.55 g GAE/kg FW), cabbage (1.70 to 2.53 g GAE/Kkg
FW) as well as strawberry (0.99 to 3.05 g GAE/kg FW). Furthermore, when expressed on a dry weight basis,
potato (4.48 to 11.19 g GAE/kg DW) can provide almost the same quantity of total phenols as spinach. According
to the maximum total phenol intake (based on a gram of gallic acid equivalents per kilogram of fresh weight) from
plant cultivars, if 200 g potato were consumed every day, the total phenols from that potato would have to be
provided by 700 g cabbage or cauliflower, 170 g carrot, 580 g strawberry, or 970 g mushroom; if 200 g potato were
consumed every day, the total phenols from that potato ensures would have to be provided by 700 g cabbage or
cauliflower, 170 g carrot, 580 g strawberry, or 970 g mushroom. On the other hand, according to the data obtained
from the HPLC method, total phenols of potato range from 23.2 to 67.4 mg/100 g FW or 260-2852 mg/100 g DW,
which are similar to those in the green bean (17.10 to 66.3 mg/100g FW). According to the data on the Singapore
Chinese population aged 45-74 years obtained from the Singapore Chinese Health study from 1993 to 1998, the
daily intake of potato is 6.9 g with 4.1 mg GAE/day of TPC. In conclusion, the potato should be a lower-cost
alternative than other vegetables and fruits for daily total phenol intake; especially in some development areas, it

can be the first consideration as an antioxidant source.

| 5. Flavonoids and Health Care Functions

Flavonoids in the flesh of white potato contain two leading constituents—catechin and epicatechin—and can be as
high as 30 pg/100 g FW, almost twice that in red-and purple-fleshed potatoes 24, One group suggested that
flavonols increased up to 14 mg/100 g FW in fresh-cut tubers and suggested that they can be a valuable dietary
source because of the large number of potatoes consumed B4, The content of flavonols varies by more than 30-
fold among different potato genotypes, and there is sizable variation even within the same genotypes. Interestingly,
potato flowers can synthesize a 1000-fold higher amount of flavonols than tubers, which contain only micrograms
per gram amount of flavonols (7. Several studies show that quercetin and related flavonols have multiple health-
promoting effects, including a reduced risk of heart disease; lower risk of certain respiratory diseases, such as

asthma and bronchitis; and a reduced risk of some cancers, including prostate and lung cancer 52!,

Colored potatoes are rich in anthocyanins that exist abundantly in the skin of the potato or are partially or entirely
derived from the flesh. Anthocyanins are natural colorants belonging to the flavonoid family B€l. These compounds
are responsible for all the visible colors ranging from the red to blue of fruits, vegetables, flowers, and roots.
Anthocyanidins commonly found in plants are delphinidin, cyanidin, petunidin, peonidin, pelargonidin, and malvidin
71, Anthocyanin-rich foods have been shown to play an important role in the prevention of a wide range of human
cancers, such as colon, breast, prostate, oral, and stomach cancers 8 while having no toxic effects on human
somatic cells . The total anthocyanin in selected fruits and potatoes is shown in Figure 3. Unpeeled potato with
totally pigmented flesh can contain up to 527.4 mg/kg FW of total anthocyanins. Red or purple flesh with skin can
be a profitable source of anthocyanins, similar to cranberries, and is superior to red cabbage B2. As shown in

Figure 3, the purple-fleshed potato has a higher total anthocyanin content than red-fleshed cultivars, ranging from
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65.5 to 527.4 mg cyanidin/kg FW, while the value is 142—-250 mg cyanidin/kg FW in red-fleshed potato. Compared
with blueberry (1694 mg cyanidin/kg FW) and strawberry (1171 mg cyanidin/kg FW), which are known as high-
anthocyanin foods, some varieties of potatoes are promising and have the potential to meet the demand for
anthocyanins in daily life. What is most noteworthy is that potato is a more accessible food and is consumed in
greater quantities than strawberry and blueberry since their high cost and seasonality limit the eating of those fruits.
Through investigating over 50 colored-fleshed cultivars, researchers have found that anthocyanins vary in the

range of 0.5—-7 mg/FW in the skin and up to 2 mg/g FW in the flesh 62,
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Figure 3. Total anthocyanins (mg cyanidin/kg FW) in selected fruits and potatoes.

An issue that has come to researchers attention is that high-anthocyanin potatoes, usually with colored skin, are
not as widely eaten as white or yellow potatoes. Tuber anthocyanin in the periderm is regulated by at least three
loci—D, P, and R 616263 Bjochemical and expression analyses revealed that an AN1 transcription factor
complex was involved in potato anthocyanin synthesis 64631 and its global expression in white and purple
potatoes was studied using microarray and RNA-seq analysis. Multiple transcription factor variants were identified,
including a ten amino acid C-terminal-modified AN1 required for optimal anthocyanin synthesis (8671681 SSR

markers for anthocyanin biosynthesis can be a technique for potato breeding programs 9. Purple-fleshed
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potatoes known as a high-phenolic cultivar have been proved to benefit health by their anti-cancer properties [Z71]
[7273] gand amelioration of chromium toxicity 4. In a mouse model, anthocyanins from purple potatoes were
observed to show an effect of attenuating alcohol-induced hepatic injury 2. In a human feeding study in which
adults were fed 150 g of purple potatoes a day for six weeks, results showed that inflammation and DNA damage
decreased /8. Another small human trial suggested people with an average age of 54 years who consumed purple
potatoes had a significant drop in blood pressure without any weight gain [ZZ. In addition, postprandial glycemia
and insulinemia were observed to show a downward trend in males fed purple potatoes 4. A previous study
demonstrated that high polyphenol content in potato was inversely associated with their glycemic index 8. For

rats fed an obesity-promoting diet, purple potatoes promised metabolic and cardiovascular benefits 2,

| 6. Vitamins and Nutritional Potential
6.1. Vitamin C

When it comes to the bioactive compounds in potato, we cannot ignore vitamin C, which has received the most
attention. Vitamin C can be synthesized in the tuber part of the potato and transported to leaves and stems, where
they then accumulate Bl potato generally contains 20 mg/100 g FW of vitamin C, which may account for up to
13% of the total antioxidant capacity. The recommended vitamin C intake per day for women (18-60 years old) is
60 mg. Potato (16.10 to 34.80 mg/100 g FW) (8283l js a much better vitamin C source than cabbage (5.27 to 23.50
mg/100 g FW) B4l and even some kinds of tomato (8.26 to 22.54 mg/100 g FW) 82, |t should not be ignored as a
crucial nutrient supplement based on vitamin C intake. Furthermore, in terms of the consumption rate and
economical concerns, as well as storage conditions for vegetables, the potato could be the best choice for humans.
As deficiency of iron has been a global problem, the consumption of potato with high vitamin C content might be a

way to solve this problem.

Based on some research, the content of vitamin C is not only influenced by the potato variety, but also by the area
and time of planting B8IE7. Much effort should be focused on maintaining vitamin C levels in cold storage since
losses of up to 60% have been observed after cold storage 8883, By examining the vitamin C content in 12 potato
genotypes after storing for 2, 4, and 7 months, a substantial loss after 4-month storage occurred, but several
genotypes showed no significant loss after 2 months 29, However, this contrasts markedly with a report that
vitamin C increased as much as several-fold in 11 Indian potato varieties after storage 211, It is highly desirable to
find a cultivar that shows no loss after at least two months of storage. Other studies mentioned that compared with

storage temperature, atmospheric oxygen levels have a greater effect on vitamin C levels 2],

Great care should be taken during processing because almost half the vitamin C is lost during pre-freezing, which
can actually be avoided 22, Therefore, optimizing processing and choosing proper methods to preserve crops is a
practical measure to reduce the loss of vitamin C. Crop management also plays an important role in maximizing
vitamin C, e.g., the use of high nitrogen fertilization reduces vitamin C levels, followed by a more rapid loss when
the cut product is stored 23, Consumers can choose potatoes with the peel to maximize phytonutrient intake. This

theory proposes challenges for the food industry regarding how to improve the appearance and taste of the
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potatoes so that they can be widely accepted, as well as how to use the waste generated during processing and

obtain more natural products, including antioxidants [24125](96]

According to some studies, the hydrophilic antioxidant activity of totally pigmented red or purple potato is
comparable to Brussels sprouts or spinach. Total anthocyanins range from 9 to 38 mg/100 g FW and ORAC varies
from 7.6 and 14.2 pmole/g FW of Trolox equivalents. Meanwhile, potato generally contains 20 mg/100 g FW of
vitamin C, which may account for up to 13% of the total antioxidant capacity. The total antioxidant activity (TAA) of
potatoes was estimated using the ABTS radical cation method, and the DPPH assay is presented in Figure 4. It
can be concluded from the figure that purple-fleshed potato has the highest total antioxidant activity among the
selected colors with a range of 251 to 1497.6 equivalent ascorbic acid in mg/kg FW, followed by pink (860.3—-948.6
equivalent ascorbic acid in mg/kg FW) and red (316.9-424.4 equivalent ascorbic acid in mg/kg FW). This means
that colorless cultivars, including white-fleshed ones and light-yellow-fleshed potato, generally have relatively low

antioxidant activity, which might be responsible for the low content of vitamin C, anthocyanins, and even phenolic

compounds.
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Figure 4. The total antioxidant activity (TAA) of potatoes was estimated using the ABTS radical cation method and
DPPH assay.

Some other studies demonstrated a reverse effect of phytochemicals on various diseases (e.g., chronic
inflammation, cardiovascular diseases, cancer, and diabetes) B4, Many of the compounds discussed above are
present in higher concentrations in immature potatoes. This is because certain tuber nutrient contents decrease
with the growth of the tuber. Baby potatoes (of golf ball size) have amounts of phenylpropanoids as much as 3-fold
that of mature potatoes of the same cultivar, and higher amounts of carotenoids and various other phytonutrients

(98] The CGA content decreased 39-72% during development and varied among cultivars [28],

By investigating the effects of domestic cooking methods (boiling, baking, steaming, microwaving, frying, stir-frying,
and air-frying) on the composition of phytochemicals (phenolics, anthocyanins, and carotenoids) in purple-fleshed
potatoes, a reduction in the vitamin C, total phenolic, anthocyanin, and carotenoid contents was observed after
cooking. Among these changes, the decrease in antioxidant activity was responsible for a reduction in the total
phenolic content. The loss of vitamin C and phytochemicals was caused by frying methods but did not alter the
antioxidant activity, which is likely due to the prevention of by-products of the Maillard reactions. It should be noted
that steaming and microwaving have the potential to be used as a measure to retain phytochemicals and
antioxidant activity 29, Xu et al. (2009) also concluded that all cooking methods (boiling, baking, and microwaving)
cause a decrease in antioxidant activity and phytochemical concentrations in potato 199 |n contrast, according to
the report of Blessington et al. (2010), baking, frying, and microwaving can significantly increase the total phenolic
content, chlorogenic acid content, and antioxidant activity in potatoes L%, Faller and Fialho (2009) also showed
that despite a significant increase in the total phenolic content, the antioxidant activity of potatoes decreased [192],
whereas Burgos et al. proposed that boiling has a positive effect in enhancing the total phenolic content and
antioxidant activity and has an obvious reverse effect on the total anthocyanin content. These differences might be
attributed to the different cultivars and pretreatment methods and cooking conditions, as well as the nonuniformity
of the analytical methods used 1931, More importantly, anthocyanin usually is unstable and can be significantly
influenced by different pHs [2%4. Therefore, more systematic studies of the effects of processing and cooking
methods on phytochemicals are needed, especially on the functions such phytochemical compounds have in

various diseases.

6.2. Vitamin B9

Folate (vitamin B9) deficiency is a worldwide concern that has a connection with birth defects 1951, Potatoes can be
a source of dietary folate, providing 7-12% of the total folate in Dutch, Finnish, and Norwegian diets 19 |ncreased
consumption of potatoes can help to reduce the risk of low serum folate concentrations 297!, Folate concentrations
in potatoes have been examined, which show that the content is significantly different among cultivars, with a

range of 12—41 pg/100 g FW and 0.5-1.4 ug/g DW. Some wild species, such as S. Boliviense, contain 115 pg/100
g FW of folate [108][109][110]

6.3. Vitamin B6
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Vitamin B6 is indispensable in a wide range of metabolic, physiological, and developmental processes and shows
a high concentration in potatoes. The USDA's Supertracker website released a medium potato that can provide
48% of the supplement of vitamin B6. Vitamin B6 deficiency can contribute to numerous health issues, including
diabetes and neurological and skin disorders. The maturity of the potato is related to the degree of vitamin B6
present. According to the report by Mooney et al., vitamin B6 ranged from 16 to 27 pg/g DW in immature and
mature tubers, respectively 111 There is also a small proportion of thiamine (vitamin B1) in potatoes, with a
concentration of 0.06-0.23 pg/100 g FW 199IL2 Thiamine content shows moderate broad-sense heritability,

suggesting that breeding programs can be the first consideration for increasing its levels 112,
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