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Abstract
Potato contains several biochemical properties such as starch
content, ascorbic acid, reducing sugars, non-reducing sugars,
total sugars, phenolic content, flavonoids, polyamines,
carotenoids, which are highly enviable in the diet because of
their favorable effects on human health. The concentration
and stability of these chemical compounds are affected by
several factors such as cultivars, growing location, cultural
practices adopted during cultivation, maturity at harvest,
subsequent storage history and other related factors. The
advances in analytical techniques have made possible to
identify the functions of various biochemical and antioxidant
properties of potato tubers.

The potatoes are stored and processed into a variety
of products before consumption. In the present
review, biochemical and antioxidants present in
potatoes, factors affecting their content, their stability
and health benefits are discussed.
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Introduction
Potato is a versatile, carbohydrate-rich food highly popular worldwide and served in a variety of ways. Freshly
harvested tubers of potato contain about 80 percent water and 20 percent dry matter. About 60 to 80 percent of the dry
matter is starch. Potato is the fourth most important food crop in the world after rice, wheat, and maize, and is the
only major food crop that is a tuber. Potato is a very efficient food crop and staple food and produces more dry matter,
protein and minerals per unit area in comparison to cereals. Apart from being a rich source of starch, potatoes contain
the good quantity of small molecules and secondary metabolites which play an important role in a number of
processes. Many of the compounds which present in potato are very important because of their beneficial effects on
health and therefore they are highly desirable in the human diet [1]. Nutritional deficiencies are not well known in the
countries whose population depends on potatoes as their basic food [2]. One of the global health goals is to increase
the availability of nutrients to a large population of the world. A sensible approach to achieving this goal would be to
increase the nutritional content of highly consumed crops. Furthermore, potatoes have higher phytonutrient content
and are amenable to development through breeding and biotechnology approaches [3]. Antioxidants are substances
that reduce or inhibit oxidative processes in human body and food products [4]. Free radicals or reactive oxygen
species are very responsible for these degenerative reactions and are associated with many chronic diseases [5]. Fruits
and vegetables are precise a very rich source of antioxidant phytochemicals such as polyphenols, anthocyanins and
ascorbic acid etc. which are helpful in supplementary the body to neutralize free radicals. Therefore, consumption of a
diet high in dietary antioxidants is utmost important, in order to reduce the harmful effects of free radicals. The aim of
this review is to retrace the information on various biochemical and phytochemical properties of potato tubers which
differ with the cultivar, growing location, cultural practices adopted during cultivation, maturity at harvest,
subsequent storage history and other related factors.

Biochemical and phytochemical properties of potato tubers
In addition to supplying energy, potatoes contain a number of health promoting antioxidants such as phenolics,
flavonoids, folates, anthocyanins, and carotenoids and biochemical such as starch content, dry matter, ascorbic acid,
reducing sugars, non-reducing sugars and total sugar.
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Polyphenols comprise over 8000 recognized substances, which can be alienated into groups according to their
chemical structure, such as phenolic acids, stilbenes, coumarins, lignins and flavonoids [6]. Polyphenols are renowned
as the most abundant antioxidants in our diet [7]. Potatoes are a high-quality source of these compounds. Phenolic
compounds play an important role in determining their organoleptic properties and symbolize as a large group of
minor chemical constituents in potatoes. These phenolics have a wide range of health providing characteristics [8].
The phenolic content of potatoes was ranged from 530 to 1770 μg /g [9]. Potatoes were well thought-out the third
most important source of phenols after apples and oranges [10]. The presence of lignin, coumarins, anthocyanins and
flavones, tannins, monohydric phenols and polyhydric phenols present in potatoes [11]. Mattila and Hellstrom (2007)
reported caffeic acid derivatives i.e., chlorogenic acid as the main phenolic constituents in potatoes [12]. The phenolic
compounds are present in both the skin and flesh of potatoes, whereas, the concentration being higher in the skin than
the flesh. The fresh pulp and skin of potatoes contain 30 to 900 mg/kg and 1000–4000 mg/kg, respectively of
chlorogenic acid and minor amounts of other phenolic acids between 0 and 30 mg/kg [13]. Purple and red skinned
tubers contained twice the concentration of phenolic acids as white skinned tubers. Tuber flesh contained lower
concentrations ranging from 100 to 600 μg of phenolic acids and 0 to 30 μg of flavonoids. It was also reported that
concentration of phenolic acids was three to four times in purple or red fleshed cultivars than that of white-fleshed
cultivars. The prime phenolic acids were reported to be chlorogenic acid, protocatechuic acid, vanillic acid, and pcoumaric acid. The skin portion of potato tubers is the richest in phenols, which is discarded as waste during potato
processing and can be used for ‘value addition' in different food products [14].
About 11 species of Solanum are cultivated but most of the potato varieties cultivated throughout the world
belong to the species Solanum tuberosum. The nutrient content of potatoes was reported to be influenced by a number
of factors, variety being the most important [15]. Andre et al., (2007) observed an eleven-fold variation in the total
phenolic content in Andean potato landraces [16]. Navarre et al. (2009) found a fifteen-fold difference in their
phenolic content using hundreds of potato genotypes [14]. White fleshed potato varieties were reported to contain the
lower amount of phenolics (less than 4 mg/g dry weight) as compared to purple fleshed wild species (more than 5–
6mg/g dry weight). An anthocyanin content of up to 7 mg/g fresh weight in the skin and 2 mg/g fresh weight in the
flesh was reported by Lewis et al. (1998) amongst 26 potato cultivars with colored flesh [17]. Jansen and Flamme
(2006) analysed 31 potato genotypes with coloured flesh and found a lower range of 0.5 to 3 mg/g fresh weight in the
skin and up to 1 mg/g fresh weight in the flesh [18], while cultivars Brown, Culley, Yang, Durst, novel anthocyanins
acylated with caffeic acid in purple sprouts of a Norwegian potato cultivar [19]. Eichhorn and Winterhalter (2005)
identified major anthocyanins present in four pigmented potato cultivars [20]. Jansen and Flamme (2006) analyzed 27
potato cultivars and observed that the average anthocyanins content was the highest in the skin (0.65 g/kg fresh
weight) [18]. The corresponding values for whole tubers and flesh were 0.31 g/kg fresh weight and 0.22 g/kg fresh
weight, respectively. The average anthocyanin content was higher in violet colored potatoes and lower in red colored
potatoes.
The number of potato varieties known to mankind is vast and to be estimated approximately 5000 [21]. Singh et
al. (2005) estimated highest total phenols in Kufri Jyoti (67.4 mg) followed by Kufri Chandramukhi (51 mg) but no
significant difference was found (46-46.9 mg) in phenol content of potato variety Kufri Ashoka, Kufri Lavkar, Kufri
Sutlej and hybrid JH-214 [22]. In a post-harvest study of potato, Uppal et al. (1987) noticed varietal differences in
phenol content, which increased during storage [23]. Similarly, Ezekiel and Singh, (2007) noticed that phenol content
increased during early storage period and decrease subsequently and they further observed higher phenol content at
higher storage temperature [24]. Kumar and Ezekiel (2009) stated that the changes in phenol content in tubers stored
at room temperature (26-40°C) did not show any consistent trend when tubers of cultivar Kufri Chipsona 1, Kufri
Bahar and Kufri Jyoti were stored for 90 days at room temperature (26-40°C) conditions [25]. After 120 days of
storage, Ezekiel et al. (2011) recorded higher phenol content than that at the time of loading. Storage generally
increases total phenols content in potatoes but little change or a decrease in phenols content after storage have also
been reported in some studies [26]. Ezekiel and Singh (2007) recorded that the total phenolic content in four potato
cultivars stored for 180 days at 4, 8, 12, 16 and 20 °C. Total phenols increased after storage and the increase was
higher at 4 and 16 °C [27]. The total phenols in potato tubers continued to increase up to 271 days of storage at 6 °C
but at 20 °C, it decreased after 220 days of storage [27]. Potatoes of two cultivars grown at four locations in the North
Indian plains did not show the significant difference in total phenols content up to 115 days of storage at 4 and 10 °C
[28]. Kumar and Ezekiel (2009) found that total phenolic content in the peels and flesh of three Indian potato varieties
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decreased after 90 days of storage at 2–4 °C, 10–12 °C and in heap storage, a traditional method of storage [25]. The
decrease in the peels was minimum at 2–4 °C and maximum in heap storage. Use of irradiation to inhibit sprouting of
potato tubers also causes an increase in the total phenols content. Potatoes treated with 0.1 and 0.5 kGy doses of γrays and stored for 180 days showed higher total phenols content as compared to untreated potatoes [28]. Increase in
total phenols content in irradiated potatoes after storage at 5 and 20 °C [29]. Effect of storage of potatoes was also
studied at 4 or 20 °C for 110 days on phenolic content [30]. There was not any significant difference in total phenolic
content, chlorogenic acid, caffeic acid and vanillic acid were observed after storage at 4 or 20 °C. There was an
increase in rutin, p-coumaric acid and quercetin dehydrate contents after storage at 4 or 20 °C. When 4 °C stored
potato tubers were reconditioned for 10 days at 20 °C, there was a significant increase in total phenolic content,
chlorogenic acid, caffeic acid, rutin, vanillic acid, p-coumaric acid, and quercetin dehydrate levels. Stushnoff et al.
(2008) analyzed total phenolics from 8 potato genotypes after 112 and 263 days of storage at 5 °C. Two genotypes
showed the sharp rise in total phenolic content after storage, four genotypes showed the increase to a lesser extent
whereas, the two genotypes showed little change [31]. Rosenthal and Jansky (2008) observed that stored tubers had
higher levels of antioxidant activity than fresh tubers [32]. Jansen and Flamme (2006) recorded that the anthocyanin
content of potato tubers in 14 cultivars immediately after harvest and after 135 days of storage at 4 °C and 86%
relative humidity, and they did not find any significant change in anthocyanin content of potato tubers [18]. The fact
that cold storage had no significant effect on the anthocyanin content of potatoes indicates that there is no risk of
degradation of these compounds during storage of potatoes over a longer period. Potatoes are stored at 4 °C in cold
storage in countries such as India [33].
Flavonoids
The Range of flavonoids content in potatoes varies from 200 to 300 μg / g fresh weight [17]. The flavonoids, in order
of profusion, were reported to be catechin, epicatechin, eriodyctiol, kaempferol and naringenin [34]. Flavonoids such
as anthocyanins present in substantial amounts in pigmented flesh potatoes and range vary between 5.5 and 35mg/100
g fresh weight in potato tubers [35]. Purple or red fleshed potato cultivars had two times the flavonoid concentration
than that of white-fleshed cultivars and their concentration was significantly higher in skin, impending 900 mg in
purple-fleshed and 500 mg in red-fleshed types per 100 g fresh weight [17]. Anthocyanin pigments lie in the periderm
of potatoes and impart different colors to their skin i.e., purple being the most common color. The pigmented potatoes
may serve as a potential source of natural anthocyanin pigments since these are low expenditure crops [18] and also
an influential source of antioxidant micronutrients [36]. The purple fleshed potatoes had privileged anthocyanins as
compared to red-fleshed potatoes. The purple and red fleshed potatoes could be used as narrative sources of natural
colorants and antioxidants by the food industry for better human health [37]. Chu et al., (2000) found that the
flavonoids and flavones extracts had high scavenging activities toward oxygen free radicals [38]. Potatoes showed
94% scavenging activity towards hydroxyl radicals and almost complete inhibition of superoxide radicals along with
anions. The various biotechnological and transgenic approaches have shown that it is possible to markedly increase
the phenolic content, anthocyanins and flavonoid contents of potato tubers [39].
Phytonutrients content of potatoes is influenced by environmental conditions and developmental stage. Potatoes
harvested at a young developmental stage had higher concentrations of some phytonutrients such as folate and
chlorogenic acid than mature potato tubers [40, 14]. Total carotenoids content was found to be higher in immature
potato tubers and it decreased with tuber maturity [41, 42]. "Baby potatoes" or immature potatoes contain higher
amounts of phytonutrients than mature potatoes. Reyes et al., (2004) observed that the anthocyanins and total
phenolic content in tubers decreased with tuber growth and maturity but total yield per ha of these compounds
increased throughout the time [37]. Harvesting at later maturity stages maximized total yield of potatoes, anthocyanin,
total phenolic content and minimized glycoalkaloid content, thus increasing the commercial and nutritional value of
purple and red flesh potatoes. Jansen and Flamme (2006) determined the anthocyanin content of tubers from plants
grown at two doses of nitrogen fertilizers i.e. 100 and 200 kg/ha and found no significant difference [18]. Kotikova et
al. (2007) investigated the influence of different fertilization levels with different doses of N, P, K and Mg nutrients
[41]. The application of fertilizers did not bring any significant changes in anthocyanin and carotenoids content of
potato tubers. It was suggested that application of synthetic fertilizers make the nitrogen available, which is utilized
for growth but not allocated for the production of secondary metabolites such as phenolic content. Faller and Fialho
(2009) compared organically grown potato tubers with conventionally grown potato tubers and there was no any
significant difference in their soluble and hydrolyzable polyphenolic content [43]. Rosenthal and Jansky (2008) also
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did not find any consistent effect of production system on antioxidant activity in tubers [32]. Effect of location for
crop growth on phytochemicals content has been studied by several researchers. Ezekiel et al. (2008) did not find any
significant differences in the total phenolic content of potatoes of two varieties grown at three locations in the North
Indian plains having similar altitude but varying in temperatures during crop growth [28]. Location of crop growth
i.e., coastal area and plains did not have a significant effect on the anthocyanin content of potato tubers [18]. It was
concluded that the level of anthocyanin was not affected by the environmental conditions and it was primarily
dependent on the genotype. Potatoes grown at two locations differing in altitude showed no significant difference in
the total carotenoids content [41]. However, a significant effect of location on anthocyanin and total phenolics was
observed by Reyes et al. (2004) [37]. The anthocyanins and total phenolic content of potato tubers were enhanced
when tubers were grown in a location with cooler temperatures and longer days with higher solar radiation and 2.5
and 1.4 times, respectively, higher anthocyanins and total phenolic content were found under such conditions. It
appears that temperature during crop growth can affect the phytochemicals content. Potatoes were grown at 3
locations varying in altitude viz, 203, 960 and 1250 masl. Higher anthocyanins content were observed at the higher
elevation, however, total carotenoids were not affected [35]. Andre et al. (2009) determined the effect of environment
and genotype on polyphenols content and in vitro antioxidant capacity of native Andean potatoes and observed a high
stability in the ranking of cultivars across environment in terms of phenolic content and antioxidant capacity,
indicating that these Andean cultivars could be used in breeding programmes for improving the phenolic content [44].
Conflicting results have been reported with respect to year of crop growth. Jansen and Flamme (2006) compared the
anthocyanin contents in tubers of 23 cultivars grown during two years and found that there was no significant
difference between years in the anthocyanin content of tubers although the weather conditions during plant growth
were different during the two years (the weather during summer was cool and wet during one year and warm and dry
during the next year) [18]. Kotikova et al. (2007) found that year of cultivation had a significant effect on total
carotenoids content [41]. Stushnoff et al. (2008) observed environmental conditions produced the year to year
variation in total phenolics levels [31]. Rosenthal and Jansky (2008) observed the significant effect of the year. They
determined antioxidant levels in tubers of 14 specialty potato clones grown at four production sites i.e., two
conventional, two organics for two years [32]. Year of cultivation showed significant effect on antioxidant activity
higher in 2006 than in 2005 and attributed the increased levels of antioxidants to cooler late season temperatures in
2006. Chemical haulm desiccation was reported to have no significant effect on the concentration of antioxidants
[45].
Folate
Potatoes do not have high folate content, but they are a major source of folate due to their higher consumption.
Potatoes supply about 10% of the total folate intake of the people in European countries such as Netherlands, Norway,
and Finland [46]. Folate concentration in potato varies between 12 and 37 μg /100 g fresh weight [47]. The range of
Folate content was reported 11 to 35 μg/100 g fresh weight in more than 70 potato cultivars, wild species and highly
developed hybrids [48]. It has also been reported that yellow fleshed potatoes rich source of folate. Antioxidants such
as ascorbic acid were also reported to shelter folates against oxidative degradation [49].
Kukoamines
Kukoamines are conjugated polyamine and they are considered to have health promoting possessions, which are yet
to be well established. Kukoamines in potato tubers was firstly reported by [50]. Further studies on these compounds
are desired to understand their stability, beneficial effects and various roles in other functions. These polyamines have
been recommended to play a role in the regulation of starch biosynthesis [51] and making the potato tubers disease
resistant [52].
Carotenoids
Potatoes are the rich source of carotenoids, which are lipophilic compounds and synthesized in plastids from
isoprenoids [53]. Lutein, violaxanthin, zeaxanthin, and neoxanthin are the major carotenoids present in potatoes and
β-carotene are present in trace amounts. The orange and yellow flesh colored tuber is due to zeaxanthin and lutein,
respectively. Potato cultivars with white flesh contained fewer carotenoids as compared to cultivars with yellow or
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orange flesh. Total carotenoids content was reported in the range of 50–350 μg/100 g fresh weight and 800–2000
μg/100 g fresh weight, respectively, in white and yellow fleshed potato cultivars [54]. Some of the research workers
have been able to increase carotenoids content considerably using transgenic approaches. Ducreux et al. (2005)
conducted an experiment to increase tuber carotenoids content from 5.6 to 35 μg / g dry weight of cv. Desiree by over
expressing a bacterial phytoene synthase. They also observed the large increase in the levels of individual carotenoids,
β-carotene, and lutein [55]. It was recorded that 50% of the recommended daily allowance of vitamin A can be met by
consuming 250 g of carotenoids enriched genetically engineered potatoes [56]. Morris et al. (2004) have been
reported more than 20 fold of carotenoid concentrations in potato germplasm. Breithaupt and Bamedi (2002) studied
that the carotenoid pattern of four yellow-fleshed and four white-fleshed German potato cultivars (Solanum
tuberosum L.). The carotenoid pattern was dominated by violaxanthin, antheraxanthin, lutein, and zeaxanthin, which
were present in different ratios, whereas neoxanthin, β-cryptoxanthin, and β-carotene were only minor constituents.
Andean potatoes provide a rich and varied source of carotenoids [57]. Andre, Ghislain, et al. (2007) recorded a range
of 3 to 36 μg/g dry weight for total carotenoids among 74 Andean landraces [58]. In another study, Andre, Oufir, et
al. (2007b) screened 24 Andean cultivars and identified genotypes containing a high concentration of lutein (1.12–
17.69 μg/g dry weight) and zeaxanthin (18 μg/g dry weight) and β-carotene (2 μg/g dry weight) [59].
Dry matter and Starch Content
The dry matter content of potato varied with genotype [60, 61]. The increase in dry matter is undoubtedly a heritable
character but is also affected by a number of environmental factors [62, 63]. Kumlay et al. (2002) observed that dry
matter content of potato increased bit by bit from the first sample date, though at last sampling date (harvest time), the
dry matter content was almost stable [64]. Kumar and Ezekiel (2006a) investigated two early maturing potato
cultivars, viz. the Indian variety Kufri Lavkar and the exotic variety Atlantic, for dry matter content changes during
tuber growth and observed that relatively the poor processing cultivar Kufri Lavkar maintained lower dry matter as
compared to Atlantic throughout the growth and irrespective of the tuber size [65]. Ezekiel and Rani (2006) recorded
the dry matter content of 33 potato genotypes tubers from 16.3 to 26.2% [66]. It was observed that the physiologically
mature tubers had maximum dry matter content [67]. Ezekiel and Singh (2007) recorded a little change in dry matter
content of potato during storage, and among the varieties, they recorded higher dry matter content in Kufri Sindhuri
and Kufri Chipsona 1 [24]. On the other hand, Kumar et al. (2005) observed that Kufri Chipsona 2 had considerably
higher dry matter content (22.7%) than Kufri Chipsona 1 (21.2%) [68]. Asmamaw et al. (2010) reported a progressive
reduction in dry matter content with the increase in storage time. They also reported that the cultivars with high dry
matter content maintained better quality than the cultivars with lower dry matter content [69]. The dry matter content
increased during storage and this increase was considerable 120 days after storage [26]. Dry matter percentage of
potato increased with increasing lifting period and tuber size in respect of increasing the storage period [70]. The
instant reason of sugar end is a modification in the tuber from starch production to starch decomposition and rapid
activity of enzyme ‘acid invertase' which convert sucrose to the reducing sugars (fructose and glucose) [71]. High dry
matter and starch content in autumn might be due to the higher translocation of photosynthesis and synthesis of starch
under low temperatures and short day condition during growth [72]. During potato tuber development phase,
chemical maturity (chemical accumulation) is followed by physiological maturity (dry matter accumulation). In a
post-harvest study of potato, [60] and Lana et al. (1970) observed that starch content varied with genotype [61].
Kumar et al. (2005) observed that starch content was positively correlated with specific gravity (r= 0.77) and dry
matter content (r= 0.79) [68]. Kumlay et al. (2002) observed that starch content of potato increased gradually from the
first sample date, but at last sampling date (harvest time), the starch content of potato was almost stable [64].
According to Feltran et al. (2004), the starch content had a positive correlation with a specific gravity of potato [73].
Ascorbic acid
Apart from a supply of energy and high-quality protein, a potato has also been documented as an important source of
vitamin and minerals and also as a valuable source of scurvy preventive Vitamin C, more commonly known as
ascorbic acid. Ascorbic acid being anti-oxidant also enhances the absorption and internal transport of dietary iron and
zinc from other plant sources as it is a strong reducing agent in plant metabolism. Potato tubers reported to contain up
to 46 mg of ascorbic per 100g tubers on the fresh weight basis and its availability depends on the variety, maturity
status and the environmental conditions under which crop is grown. Ascorbic acid concentration in freshly harvested
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peeled raw tubers ranged from 22.2 to 121.4 mg/100 g on a dry weight basis and from 6.5 to 36.9 mg/100 g on a fresh
weight basis, which decreased with the increase in storage period in tubers of all the varieties. However, Ezekiel and
Rani (2006) recorded that the ascorbic acid value increased up to 30 days of storage and then decreased up to 120
days of storage. Ascorbic acid concentration in freshly harvested peeled raw tubers ranged from 22.2 to 121.4 mg/100
g on a dry weight basis and from 6.5 to 36.9 mg/100 g on a fresh weight basis, which decreased with the increase in
storage period in tubers of all the varieties [66]. In a study, Singh et al. (2005) assessed that ascorbic acid although
was numerically maximum in Kufri Chandramukhi (16.9 mg), but statistically, it was on par with hybrid JH-214,
Kufri Jyoti and Kufri Ashoka [22]. Finlay et al. (2003) observed a statistically significant difference in total ascorbate
concentration among the genotypes both at harvest and after storage, which decreased during storage in all the
genotypes [101]. However, Ezekiel and Rani (2006) recorded that the ascorbic acid value increased up to 30 days of
storage and then decreased up to 120 days of storage [66]. Burgos et al. (2009) determined the ascorbic acid
concentration of tubers in 25 Andean potato varieties grown in three environments and found a significant variation
due to genotype, environment, and interaction of genotype and environment [74].
Sugars
The sugar level in potato during suberization and at harvest is largely dependent on cultivar [76]. Low sugar content is
a desirable character for processing purpose. Sucrose content at the time of harvest is an indicator of the chemical
maturity of the tuber. The higher values of sucrose in potato tuber at the time of harvest indicate its immaturity. The
sucrose content at harvest is very important because when hydrolyzed by invertase it results in accumulation of
reducing sugars making the potatoes unfit for processing [72].Increase in total sugars or a particular sugar and dry
matter is a heritable character but is also affected by a number of environmental factors [63]. The sugar level in
potatoes during tuberization and at harvest is largely dependent on cultivar. Quantity and kind of sugars in particular
cultivar are inherited characteristics [75].
Different varieties were tested for processing; all the new varieties contained more than the acceptable limits
(0.25%) of reducing sugars for processing. though they can be processed into French fries as they had less than 0.5
percent of reducing sugars [72]. The reducing sugar ranged from 13.2 mg/100 g fresh weight in cv. Atlantic to 35.7
mg/ 100g fresh weight in heat tolerant hybrid HT/92-621 during the early autumn crop. The values were 110.7 in FL1533 to 263.8mg/100g fresh weight in Kufri Chipson-2. At Sadabad the sucrose values ranged from 103.76 in Kufri
Jyoti to 192.51 mg/100g fresh weight in Kufri Chipson-2. The maximum values of sucrose in Kufri Chipsona-2
indicated its immaturity at the time of harvest [76]. At harvesting stage, both sucrose and glucose contents need to be
at lower level. The variety ‘Millennium Russet' contained the minimum average sucrose contents during both years of
trial, indicating that this variety was chemically more mature at harvest in contrast to Umatilla and Defender [77]. The
higher acceptable limit of reducing sugar content is 150 mg/100g fresh weight Varieties used for the production of
potato chips were usually low in reducing sugars. A major decrease in the reducing sugar content was observed with
an increasing underwater weight [78]. The reducing sugar content in the hybrid HT/92-621 was far lower (19.2161.56mg/100g fresh weight) than the higher limit of acceptable values for chips (<0.25 percent) or French fries
(<0.5%). The mean sucrose values in the hybrid HT/92-621 were similar to cv. Kufri Chipsona -1 and were
considerably lower than Kufri chipsona-2 [65].
Both glucose and sucrose accumulation were normally much lower in 2003 compared to 2002 during an
experiment. Chipeta, Cherry Red, and Durango Red had the minimum sugar of the seven cultivars [67]. The potato
variety Kufri Jyoti had high levels of reducing sugars 75.7-240.7 mg/100g fresh it and produced unacceptable chips of
dark color. Conversely, processing varieties contained higher dry matter content 19.3-23.3 percent lowers content of
reducing sugars 21.0- 57.7 mg/100g fresh weight [79]. Kumar and Ezekiel (2006b) assessed two early maturing
potato cultivars, viz. the Indian var. Kufri Luvkar and the exotic var. Atlantic, for sucrose, changes during tuber
growth and noted that relatively, the poor processing var. Kufri Luvkar maintained higher sucrose content as
compared to Atlantic throughout the growth and irrespective of tuber size. They obtained a negative correlation
between free sugars vis-à-vis crop duration and tuber size [80]. The increase in reducing sugar contents took place
subsequent to increase in sucrose content. Storage also induced a marked increase in sucrose content [24]. The
different genotypes had different content of reducing sugars [60, 61].
A mature potato had a lower content of reducing sugars [78]. Kumar and Ezekiel (2006b) evaluated two early
maturing potato cultivars, viz. the Indian cv. Kufri Luvkar and the exotic cv. Atlantic, for reducing sugars changes
during tuber growth and noted that comparatively, the poor processing cv. Kufri Luvkar maintained the higher content
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of reducing sugars (43.74 mg/100 g on fresh weight) as compared to cv. Atlantic (14.68 mg/100 g on a fresh weight
basis) throughout the growth and irrespective of the tuber size but this increase in the content of reducing sugars took
place subsequent to increase in sucrose content [80]. Storey (2007) reported that potato tubers contained 0.01-0.6%
reducing sugars on fresh weight basis [81]. Ezekiel and Singh, (2007) reported that reducing sugars increased during
storage and out of the seven varieties grown at Modipuram, only Kufri Chipsona 1 showed lower reducing sugars
[24].
Upon handling, the glucose content changed less markedly than sucrose but its level appeared slightly higher at
most intervals as compared to control values. Storage also induced a marked increase in the sucrose content. Pandey
et al. (2008) evaluated two potato varieties for reducing sugars and found that the tubers of Kufri Himsona had lower
levels of reducing sugars and variety Kufri Jyoti higher reducing sugars (206.7 mg/100 g on fresh weight) [82]. Also
according to Shabba et al. (2007), the quantity and kind of sugars in particular cultivar are the inherited
characteristics. Potato accumulated a lot of sugars under conditions of high-temperature storage (Singh and Verma,
1979). An increase in total sugars or a particular sugar is indubitably a heritable character but is also affected by a
number of environmental factors [62, 63]. The sugar level in potato tubers during tuberization and at harvest is largely
dependent on cultivar [75].
The accumulation of sucrose in large quantities in tubers stored at high temperature or farm stores had been
reported earlier [83, 72]. In potato, more than 65% of the maximal sucrose accumulation occurred within 5 days of
storage since potato increased its ability to produce sucrose as the storage period increased [71]. Zhitian et al. (2002)
observed that the sucrose concentration in potato increased early in storage and then remained constant [84]. Kumar
(2011) studied the development of cold-induced sweetening and its relation with phenolic content of the tuber in three
Indian potato varieties, viz. Kufri Chipsona 1, Kufri Chipsona 3, and Kufri Jyoti and observed that the reducing
sugars decreased in an initial phase of storage, followed by the continuous increase to unacceptably higher levels after
around two weeks of storage [85]. The reduction in reducing sugars at high temperature might be due to low activities
of invertase or synthesis of invertase inhibitors [86]. Potato storage in ordinary rooms, traditional heaps, etc. at the
relatively higher temperature (25-30ºC) showed very little increase in reducing sugars [23]. The exotic cultivar
Atlantic and Frito-Lay 1625 showed negligible accumulation of reducing sugars and invertase activities as compared
to Indian cultivar Kufri Luvkar and Kufri Jyoti during storage at 6°C for 90 days, and there was a general trend of
decline in content of reducing sugars and invertase activity at higher temperature (20°C) of storage [87]. When mature
tubers were stored at relatively high temperature, the concentration of reducing sugars remained low [88]. The freshly
harvested mature tubers of a few Indian potato cultivars contain low level of reducing sugars [89]. The glucose
concentration increased early in storage and then remained constant [84]. Kumar et al. (2003) monitored potato tubers
of Kufri Chipsona 1, Kufri Chipsona 2 and Atlantic-harvested in the first week of February for changes in reducing
sugars and sucrose content for 40 days at room temperature and noticed that reducing sugars decreased after 20 days
of storage [90].
Potato accumulated a lot of sugars under conditions of high-temperature storage [91]. An increase in total sugars
or a particular sugar is indubitably a heritable character but is also affected by a number of environmental factors [62,
63]. The sugar level in potato tubers during tuberization and at harvest is largely dependent on cultivar [75]. Also
according to Shabba et al. (2007), the quantity and kind of sugars in particular cultivar are the inherited characteristics
[67].

Advances in Analytical Techniques
For the quantification of individual phenolic compounds, HPLC-DAD (diode array detector) analysis was done by
Andre et al., 2009 [44]. The pH differential method can be used for measuring Anthocyanins (Giusti &Wrolstad,
2001). The various detector methods like HPLC/DAD/MS and HPLC-DAD/ESIMS/MS have been used for the
identification of anthocyanins and anthocyanidins [92, 93]. Bonierbale et al. (2009) developed near infrared
reflectance spectroscopy calibrations and found this to be a low-cost method useful for the characterization of potato
germplasm for the estimation of total carotenoids and zeaxanthin concentrations. This method is particularly useful to
scientists and researchers for screening a large germplasm collection [94]. Oxygen Radical Absorbance Capacity
(ORAC) is a measure of the capacity of an antioxidant to delay the oxidation of a target molecule. Brown in 2008
stated that Hydrophilic Oxygen Radical Absorbance Capacity (H-ORAC) is used for hydrophilic anthocyanins, and
lipophilic-Oxygen Radical Absorbance Capacity (L-ORAC) is used for detecting lipophilic carotenoids [54]. Starch
from sugar-free pellet obtained after the extraction of total sugar is estimated by using the method of Clegg (1956)
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[95]. The content of non-reducing sugar is obtained by subtracting the values of reducing sugars from that of total
sugars and multiplying the value with 0.95 [96]. Reducing sugars are estimated by using a method of Somogyi (1945)
[97]. The total sugar is estimated by using the method of Yemm and Willis (1954) [98]. Ascorbic acid content is
estimated by using the method given by AOAC (1980), which is based on the reduction of 2, 6 dichlorophenol
indophenols (2, 6-DCPIP) by ascorbate. Total phenolic content is generally estimated using the method of Swain and
Hillis (1959) [99] or Folin Ciocalteu assay (Singleton & Rossi, 1965) [100].

Conclusions
The research in potato chemistry has established various facts about the biochemical and phytochemical properties
that there is a lot more in potatoes than starch. Phytochemicals content and various biochemicals in potatoes can be
enhanced by emerging various new cultivars from available germplasm high in these compounds. Natural colorant
and antioxidant present in purple and red flesh potatoes can be used for developing functional nutraceuticals
compounds. Considering the large quantities of potatoes are consumed throughout the whole world so potatoes could
be a very good vehicle for addressing some health related problems. All the biochemical and phytochemical
properties of potatoes above discussed greatly depend on the cultivars, various agronomic cultural practices, presowing conditions and post-harvest conditions. The processing quality attributes depend upon the level of certain
biochemical compounds like dry matter, starch content, sugar level, ascorbic acid, phenol content etc. Pigmented
potatoes may also serve as a prospective source of natural anthocyanins for use in the food industry and processing
industries since the cost of production of potatoes is relatively low as compared to other horticultural crops. In
addition, a potato is a high yielding crop and the cultural and storage practices are well established.
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