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Abstract 

 

Native potatoes are a staple crop in the highlands of Peru where the intake or consumption 

levels of potato can reach up to 200g in children approximately two years of age and 800g in women 

of fertile age per day (Burgos, 2007). The topic of this study was to evaluate the micronutrient 

composition of native Andean potatoes as affected by growing location. Evaluating the effects of 

growing location on the concentration of micronutrients in potatoes will further allow a 

recommendation of which growing locality is found to be the most beneficial in positively 

contributing to the nutrient levels in potatoes grown there. Analysis of the vitamin C content, total 

anthocyanin levels, and iron and zinc mineral levels of 12 different potato varieties grown in three 

distinct localities were performed.  It was demonstrated each growing locality produced potatoes with 

different elevated micronutrient levels for each independent micronutrient analyzed. However, one 

locality did not produce elevated micronutrient levels overall. 
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Introduction 

 

Potato (Solanum tuberosum sp.) is one of the world’s most important crops, ranking fifth in 

terms of human consumption and fourth in worldwide production (Horton, 1992). In some regions 

such as the high Andes of South America, potatoes constitute as the main staple food crop (Andre, et 

al. 2015). Native potatoes are a staple crop in the highlands of Peru where the intake or consumption 

levels of potato can reach up to 200g in children approximately two years of age and 800g in women 

of fertile age per day (Burgos, et al. 2007).  

In the developing world, undernutrition is particularly prevalent among rural farm households 

(Rose, et al. 2008). Over three billion people are currently malnourished, with the highest rates in 

developing countries where iron (Fe) and zinc (Zn) are the most critical micronutrient deficiencies 

(Burgos, et al. 2007). It has been estimated that approximately 40% of the world’s population is 

deficient in Fe. In Peru, anemia, a condition caused in part by inadequate levels of iron in the blood, 

affects nearly 34% of children from 6 to 59 months of age (Instituto Nacional de Estadística e 

Informática. 2014). Children with anemia experience irrevocable cognitive and developmental delays 

and exhibit decreased worker productivity as adults (Walker, et al. 2007). 

Iron and zinc deficiencies are among the principal causes of malnutrition worldwide 

(Bonierbale, et al. 2010).  Weight for weight, concentrations of Fe and Zn in potato are lower than 

those in cereals and legumes; but the contribution of a given food to the diet depends on the 

bioavailability in the source and on the amount that is consumed. The bioavailability of iron in potato 

can be even greater than in cereals and vegetables due to the presence of ascorbic acid, a vitamin C 

precursor which promotes the absorption of iron (Fairweather-Tait, 1983). Potatoes have significant 

quantities of vitamin C (ascorbic and dehydroascorbic acid). Vitamin C plays an important role in 
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protection against oxidative stress (Bonierbale et al. 2010).  Anthocyanins are flavonoids, a class of 

antioxidants characterized as the pink, red, or purple flesh colors found in potatoes.  

A previous study conducted revealed the evaluation of 37 potato varieties grown in two 

highland locations in Peru revealed significant variation in mineral concentration due to environment 

and genotype x environment interaction (Bonierbale, et al. 2010). Evaluating the effect of growing 

location on the concentration of micronutrients in potatoes will further allow a recommendation of 

which growing locality is found to be the most beneficial in contributing to the nutrient levels found in 

the potatoes grown there.  

The objective for the completion of this project was two-fold. The first objective of the project 

was to characterize the potatoes consumed by Huancavelica farmers in order to communicate the 

nutritional composition of the potatoes already consumed with farmers on the value of the products to 

identify potential attributes that can add to the value chain. The second objective is to use the data 

collected to establish a baseline for the micronutrient content of the native potatoes currently 

consumed in Huancavelica, which indeed will be used as a reference to develop potato material with 

higher levels of micronutrients. 
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Method 

 

The experimental design was a randomized complete block design, where 12 varieties were 

grown in 3 locations with three replications in each location.  Data collected included iron, zinc, 

vitamin C and total anthocyanin concentration expressed in milligrams per 100 grams of potato in 

fresh and dry weight. The design allowed the assessment of the variability of Fe, Zn, vitamin C and 

total anthocyanin concentrations among native varieties and the effect of environment and the 

genotype × environment interaction (G × E) considering ‘genotypes’ as fixed and ‘sites’ as random 

effects (Burgos, G., et al. 2007). 

 

Plant Material  

 

Twelve native varieties of potato, each with three replications, were cultivated and harvested 

using traditional farming practices of the native Andean farmers in three different localities of the 

Huancavelica department of Peru. The three different field localities include the areas of Pumaranra, 

Quilcas, and Castillapata. Fields were planted in a randomized complete block design.  

 

Sample preparation of potato tubers 

 

Preparations of the sample materials was completed using the preparation procedures found in 

Porras, E., et al. Harvested potato tubers were processed as follows: raw tubers were washed 

thoroughly with tap water to remove soil residue, rinsed with deionized, distilled water, and patted dry 

with paper towel. Tubers intended for vitamin C and anthocyanin analysis remain with peel intact, 

while tubers for mineral analysis (XRF) were peeled. Tubers were then cut longitudinally from stem to 

bud end into four sections and sliced to form a representative sample. Samples intended for vitamin C 
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analysis were then tested immediately. Additional samples intended for anthocyanin and mineral 

analysis were then freeze dried and milled according to specific procedures found in Porras, E., et al. 

 

Vitamin C Analysis  

 

Vitamin C, or ascorbic acid (AA), analysis was completed according to procedures found in 

Burgos, G., et al. A representative sample of unpeeled, fresh potato, an extracting solution of oxalic 

acid 0.4% and acetone 20%, and 2.6 dichloroindophenol (DCIP) stock solution are used in the 

analysis. The final solution was read in a spectrophotometer and compared against a standard curve 

created with ascorbic acid to determine the AA concentration in each sample.  

 

Total Anthocyanin Analysis 

 

Analysis of total anthocyanin concentration in freeze dried and milled potato samples was 

completed according to the procedure described in Burgos, G., et al. The weight of freeze dried and 

milled potato sample used in the analysis is dependent on the color of the sample. The extraction is 

done using an 80:20 solution with 95% ethanol and 1.5 M hydrochloric acid. The extract is then 

quantified using a spectrophotometer while referencing the extinction coefficient and the molecular 

weight of malvidin-3-pcumarilglucoside and pelargonidin-3-glucoside for purple and red samples, 

respectively.  
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X-ray Fluorescence  

X-Ray Fluorescence (XRF) testing of freeze dried and milled potato samples was completed 

according to the procedure described in Sosa, P., et al. Freeze dried and milled potato samples were 

scanned by XRF using an X-Supreme 8000 spectrometer. Data collected includes the concentration of 

iron (Fe) and zinc (Zn) in mg/kg or parts per million (ppm) dry weight in each sample. The results 

could be transformed to fresh weight based values by using their respective dry matter percentage.  

 

Results  

 

The mean concentration of vitamin C in fresh potato tubers in three repetitions of 12 native 

varieties of potato is shown in Figure 1. Overall, the potatoes grown in the locality of Quilcas 

exhibited the highest average concentration of vitamin C with 14.37 mg/100g FW and the highest 

concentration reported overall with 19.02 mg/100g FW in the variety “Amarilla del Centro.” The 

localities of Pumaranra and Castillapata reported a mean average concentration of 13.61 and 11.00 

mg/100g, respectively. The lowest mean concentration reported was from the locality Castillapata in 

the variety “Añil” with 6.25 mg/100g FW of vitamin C.  

The average content of the minerals Fe and Zn in peeled, freeze dried, and milled potatoes is 

shown in Figure 2 and Figure 3. Quilcas reported the lowest average content of Fe and Zn with 15.89 

and 9.04 mg/kg dry weight (DW), respectively. The locality of Pumaranra reported the highest overall 

mean content of Fe with 20.76 mg/kg DW, while Castillapata reported the highest overall mean 

content of Zn with 14.81 mg/kg DW. The highest individual reported average Zn content was in the 

variety “Camotillo” grown in the Castillapata locality with 19.49 mg/kg DW. Additionally, the variety 

“Yawar Manto” exhibited the highest individual Fe content grown in the Pumaranra locality with 

25.82 mg/kg DW. 
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 The mean total anthocyanin content of four potato accessions each with three repetitions, 

respectively, with red or purple flesh color previously known to contain anthocyanins are shown in 

Figure 4. The locality of Quilcas reported the highest average total anthocyanin content, producing 

795.51 mg/100g DW. Pumaranra reported a slightly lower average with 718.77 mg/100g DW. 

Additionally, Castillapata reported a significantly lower average content with only 594.70 mg/100g 

DW. The variety “Añil” reported the highest average anthocyanin content overall when grown in the 

Quilcas locality, reporting 1393.67 mg/100g DW. Further, the variety “Alcaraz” produced the lowest 

average anthocyanin content when grown in the Castillapata locality reporting 343.69 mg/100g DW.  
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Figure 1. Average total vitamin C levels by growing locality in each variety in mg/100g fresh weight.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Average iron (Fe) content by growing locality in each variety in mg/kg dry weight. 
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Figure 3. Average zinc (Zn) content by growing locality in each variety in mg/kg dry weight. 
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Figure 4. Average total anthocyanin content by growing locality in each variety in mg/100g dry weight. 

Discussion 

 It is well known and discussed in literature that in the instance of poor nutrition, poor health 

often follows (Gwatkin, 2000). For the 40% of the world’s population who are anemic, consumption 

and proper absorption of the minerals Fe and Zn are crucial to proper body function. Further, vitamin 

C is essential to the absorption of Fe in the body in addition to protecting against oxidative stress. The 

presence of anthocyanins in potatoes contributes to the body resisting oxidative stress. The instance of 

potatoes with low nutrient levels are even more detrimental to the health of those living in the 

Peruvian highlands where the principal food consumed is potatoes.   

 The discovery that growing locality can have an influence on micronutrient levels of potatoes 

is be an integral component in improving the overall health of those living in the Peruvian highlands. 

While it was not discovered any one locality was able to produce potatoes with elevated levels of all 

four micronutrients analyzed, the knowledge discovered will allow farmers to tailor their agricultural 

practices to provide crops with the most beneficial nutrients for the populations who consume them.  

 

Limitations 

 

While the scope of this experiment was inclusive on the large scale, the smaller experiment ran 

by myself did not account for the expansive variety of nearly 142 varieties of native potatoes 

cultivated and consumed in the department of Huancavelica. While it was demonstrated that growing 

location does impact total vitamin C, anthocyanin, iron, and zinc levels independently in native 

potatoes, storage and preparation methods of potatoes have also have been proven to impact overall 

micronutrient levels at the time of consumption.  

 



 

Ginn | Page 16 

 

Conclusion 

In conclusion, when comparing recorded micronutrient levels as they correlate to growing 

location, there is no one locality which produced high levels overall. However, there are correlations 

between individual micronutrient levels and growing locality. There exists a strong correlation 

between elevated vitamin C levels as well as total anthocyanin content in the varieties grown in the 

Quilcas locality. Moreover, the locality which produced the highest overall Zn levels was Castillapata. 

The highest recorded Fe levels were found in the Pumaranra locality.  
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Appendix 

The included maps show the region and locality where each field was located in the 

Huancavelica district of Peru. The three localities utilized for growing locations include Quilcas, 

Pumaranra, and Castillapata.  

 

 

 

 

 

 


