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Abstract. As a zero value by-product from the economic point of view, potato (Solanum 

tuberosum L.) peel is a good source of phenols. As a manufacturing waste, potato peels are stored 

at the uncontrolled conditions and are exposed to the fermentative, oxidative, and microbial 

degradation. The aim of the present study was to determine the phenol degradation dynamics in 

the stored peels so the maximum storage time could be defined to achieve the efficient phenol 

extraction. Three different types of samples were prepared by abrasion peeling method and stored 

at room temperature, in open air, up to six days. Phenol extracts were obtained using ethanol-

based solvent. Total phenol content was expressed as a gallic acid equivalent; antiradical activity 

was measured using the 2,2-diphenyl-1-picrylhydrazylradical. Results revealed that total phenols 

during the storage are more stable in the larger peel samples that can be stored up to two days 

without significant changes in the total polyphenol content and antiradical activity. Finely 

shredded peel demonstrated significant decrease in the total phenol amount and in the antiradical 

activity already on the second day of the storage. This fact indicated that in the finely shredded 

peel samples phenols are easily accessible to the oxidative and fermentative processes. It is 

possible, that after peeling there were big amounts of chlorogenic acid in the samples. When total 

amount of polyphenols decreased, chlorogenic acid degraded and caffeic acid was released in 

sufficient amount to hold antiradical activity of the extract on the high level. 
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INTRODUCTION 

 

Worldwide, potato (Solanum tuberosum L.) production is growing annually and it 

reached 376.5 million tons in 2013 (FOASTAT, 2013). It is one of the most important 

agricultural crops for human consumption after wheat (Triticum L.), rice (Oryza L.), and 

maize (Zea mays subsp. mays L.), due to its low cost, low fat and high carbohydrate 

contents, valuable proteins, fibres, and another compounds. In the developed countries, 

the biggest part of the harvest is processed and potato waste (PW) amounts can reach up 

to 40% of the initial product amount depending on the quality of the raw material and 

processing technology. Because of the high availability of the specialized animal feed 

and the high water content in the PW, cattle breeders lose their interest in the PW 

application that results in the utilization problems. At the same time, Directive 

2008/98/EC of the European Parliament and of the Council of 19 November 2008 require 

minimization of the produced waste amounts and several goals are established by year 

2020 (Directive 2008/98/EC, 2008). Biogas production is an alternative way of the PW 
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recycling, but it leads to a loss of various valuable compounds that can be extracted and 

applied in the food production. 

There are various types of PW depending on the potato processing method (Ahokas 

et al., 2014) and the most common is potato peels (PP). PP contain high amount of water 

(83.29 g 100 g-1), is a good source of carbohydrates (12.44 g 100 g-1), also contain 

proteins (2.57 g 100 g-1), lipids (0.10 g 100 g-1), and dietary fibres (2.5 g 100 g-1) 

(USDA, 2015). In addition, PP is a good source of phenolic compounds (up to 

977 mg 100 g-1 on a dry weight basis in gallic acid equivalents (GAE)) (Makris et al., 

2007), which content varies greatly depending on the potato cultivars (Albishi et al., 

2013; Murniece et al., 2014). 

Many scientific articles are discussing extraction of phenol compounds form the PP 

(Al-Weshahy & Rao, 2009; Schieber & Saldaña, 2009; Singh & Saldaña, 2011; Luthria, 

2012; Wijngaard et al., 2012; Albishi et al., 2013; Cardoso et al., 2013; Amado et al., 

2014; Sánchez Maldonado et al., 2014; Sabeena Farvin et al., 2012), possible application 

of the peel extract in the food production (Mansour & Khalil, 2000; Zia-Ur-Rehman et 

al., 2004; Koduvayur Habeebullah et al., 2010; Nayak et al., 2011; Pasqualone et al., 

2013; Shah et al., 2014), and its effect on the health (Singh & Rajini, 2004; Singh et al., 

2008; Singh & Rajini, 2008). In most studies, peel samples were used for the active 

compound extraction right after peeling. However, it is very interesting to investigate 

the possibility of industrial potato processing waste accumulation for further processing. 

Therefore, the aim of the present study was to determine the phenol degradation 

dynamics in the stored potato peels for establishing the maximum storage time to achieve 

the efficient phenol extraction. 

 

MATERIALS AND METHODS 

 

Chemicals and reagents 

Agricultural origin ethanol (96.6%) was purchased from Stumbras (Kaunas, 

Lithuania), Folin-Ciocalteu phenol reagent, Na2CO3 and 2,2-diphenyl-1-picrylhydrazyl 

radical (DPPH•, 95%) from Merck (Darmstadt, Germany). 

 

Sample preparation 

Potato tuber samples (Solanum tuberosum cv Magdalena, pedigree 82-

28.9/15876.41) were received from the State Priekuli Plant Breeding Institute. Cultivar 

has yellow flesh and red peel. 

Based on the previous study of the peel samples from the potato processing 

facilities in Latvia, three types of samples were prepared using the abrasion peeling 

method: a) big peel flakes (3–5 cm), b) small peel particles (3–5 mm), and c) finely 

shredded peel. Samples were stored in the open plastic containers from 1 to 6 days at 

20 ± 3 °C in open air without additional aeration. After collection, samples were freeze-

dried in the laboratory dryer FT33 (Armfield, UK) up to approximately 5% moisture 

content and ground in the laboratory mill KN 195 Knifetec (Foss, Denmark) till the fine 

PP powder was received. Remaining moisture content was determined by gravimetric 

method by drying the acquired PP powder at 105 °C to a constant weight. PP powder 

was immediately used for the phenol extraction without any additional storage. The 

whole experiment was repeated in three consecutive batches. 
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Extraction 

Extraction was performed according to the method described by Mane et al. (2015) 

with some modifications. 20 mL of the ethanol-water solvent (4:1; v/v) was mixed with 

2 g of the PP powder. Mixture was placed in the laboratory ultrasonic bath YJ5120–1 

(Zhengzhou Henan, China) for 15 minutes at 33 ± 1 °C. Then mixture was centrifuged 

for 15 min at 3,000 s-1 and filtered. Extraction was repeated three times. Combined 

supernatants were used for the determination of the total phenol content and antioxidant 

activity. 

 

Determination of the total phenol content 

Jung et al. (2011) method with slight modifications was applied. Briefly, 200 µL of 

the extract solution was mixed with 1 mL of distilled water and 100 µL of Folin-

Ciocalteu phenol reagent (preciously diluted with distilled water 1:1, v/v). After 5 min, 

2 mL of the 10% sodium carbonate solution was added and mixture was allowed to stand 

at room temperature for 60 min, and then centrifuged at 3,500 s-1 for 10 min. The 

absorbance was measured at 725 nm by laboratory spectrophotometer Jenway 6300 

(Stone, United Kingdom). Results were recalculated per dry matter and expressed as 

GAE. 

 

Determination of the free radical scavenging activity 

2,2-diphenyl-1-picrylhydrazyl radical (DPPH•) was used for in vitro determination 

of free radical scavenging activity (Yu et al., 2003). 0.5 mL of extract was mixed with 

0.004% DPPH• ethanol solution. Mixture was allowed to stand for 30 min in the dark at 

room temperature. The absorbance was measured at 517 nm by laboratory 

spectrophotometer Jenway 6300 (Stone, United Kingdom). The percentage of remaining 

DPPH• was calculated as follows: 
 

 (1) 

 

where: Acontrol – absorbance of the control sample; Asample – absorbance of the analysed 

sample. 

 

Statistical methods 

One-way ANOVA (P ≤ 0.05) and Tukey’s test were applied for the statistical 

analysis of the effect of the storage time on the total phenol content and effect of the 

storage time on the free radical scavenging activity of the potato peel extracts. 

 

RESULTS AND DISCUSSION 
 

Results show that during the storage at uncontrolled conditions phenols are more 

stable in the larger peel samples (large flakes and small particles) than in the finely 

shredded peel samples. 

During the first minutes after peeling, peel samples showed signs of the browning, 

which indicated a presence of the fermentative reactions. Vamos-Vigyazo (1981) had 

reported that polyphenol oxidase (PPO) in potatoes catalyzes the conversion of 

monophenols to o-diphenols and o-dihydroxyphenols to o-quinones. After that, quinine 

products can polymerize and react with amino acid groups of cellular proteins that will 
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lead to brown pigment appearing. In addition, Thygesen et al. (1995) showed that the 

highest activity of the PPO is in the subepidermal or outer cortex layer, in distance of 

1.5–2.0 mm from the skin. Exactly the layer that is taken off by abrasion peeling methods 

that are applied in the Latvian potato processing facilities. 

Strong obnoxious smell appeared after the first day of storage in the finely shredded 

peel samples, that is a sign of putrefaction and microbial degradation. Meanwhile, cell 

condition could be a reason that larger peel samples had no signs of the microbial 

spoilage during the tested storage time. 

Fig. 1 shows the effect of the storage time on the total phenol content in the 

samples. No significant difference was observed between large peel flakes and small 

peel particles. Total phenol amount was stable during the first two days of storage and 

showed a significant decline on the third, by 40% comparing to the average of the 

previous days. Meanwhile, finely shredded peal show significant decrease already on the 

second day of the storage, by 66%. Difference in the peel sample physical conditions 

and total phenol content indicate that in the phenols in finely shredded peel samples are 

more easily exposed to the fermentative and microbial degradation, while in the larger 

peel samples the whole structure of the cell can express a protective effect. 

 

 
 

Figure 1. Effect of the storage time at uncontrolled conditions on the total phenol content in the 

potato peel samples. The data is presented as a mean (n = 9). Similar lowercase letters indicate 

no significant difference among samples (P ≤ 0.05); similar uppercase letters indicate no 

significant difference among peel types within each day separately (P ≤ 0.05). 

 

Fig. 2 shows the effect of the storage time at uncontrolled conditions on the free 

radical scavenging activity of the potato peel extracts. After the first day of storage all 

three types of PP samples showed no significant changes in the antiradical activity, but 

on the second day finely shredded peel had lost 97% of its antiradical activity while 

activity of the larger peel samples stayed at the previous level. Only on the third day of 

storage, larger peel samples started to show the first significant decline in its antiradical 

activity. 
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It can be observed (Fig. 3) that correlation between total phenol content and 

antiradical scavenging activity is not linear. It is well known that chlorogenic acid and 

caffeic acid are two of the main phenols in potatoes (Solanum tuberosum L.) and both 

act as antioxidants (Mattila & Hellström, 2007; Al-Weshahy & Rao, 2009; Koduvayur 

Habeebullah et al., 2010; Singh & Saldaña, 2011; Wu et al., 2012; Sánchez Maldonado 

et al., 2014). Chlorogenic acid is an ester of the caffeic and (-)-quinic acid and it is 

reported that esterification of caffeic acid by a sugar moiety decreases its antioxidant 

activity (Cuvelier et al., 1992). Studies show that chlorogenic acid is less effective as an 

antioxidant than caffeic acid in lard and stripped corn oils (Chen & Ho, 1997). At 

concentrations of 0.5, 1.0 and 2.0 mM, caffeic was more effective against alkoxyl radical 

scavenging in sunflower oil (Milic et al., 1998) and better inhibited lipid oxidation in 

fish muscles (Medina et al., 2007). Contrary, it is possible that the binding of the quinic 

acid to caffeic acid increases antioxidant activity and decreases hydrogen peroxide and 

DPPH• scavenging activities (Sroka & Cisowski, 2003). Marinova et al. (2009) had 

found that difference in the antioxidative activity of chlorogenic and caffeic acids during 

antioxidation of triacylglycerols of sunflower oil strongly depends on their 

concentrations and at 2.8 × 10-4 M both acids show equal effectiveness and strength, but 

at concentrations above 10 × 10-4 M caffeic acid is much more effective and stronger 

inhibitor. Marinova et al. (2009) explained this phenomenon with two reasons: a) there 

are specific interactions of the acids and b) the participation of radicals derived from 

chlorogenic acid on more than one reaction of chain propagation, while the radicals of 

caffeic acid participate in one reaction. 

 

 
 

Figure 2. Effect of the storage time at uncontrolled conditions on the free radical scavenging 

activity of the potato peel extracts. The data is presented as a mean (n = 9). Similar lowercase 

letters indicate no significant difference among samples (P ≤ 0.05); similar uppercase letters 

indicate no significant difference among peel types within each day separately (P ≤ 0.05). 
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Figure 3. Correlation between total phenol content and the free radical scavenging activity. 

 

Usually, chlorogenic acid is most abundant in PP, but when PP are stored at room 

temperature or in light, chlorogenic acid degrades and transforms into caffeic and quinic 

acids (Sotillo et al., 1994). Based on the collected data it can be assumed, that after 

peeling there were big amounts of chlorogenic acid in the samples. When total amount 

of polyphenols started to decrease, chlorogenic acid degraded and caffeic acid was 

released in sufficient amount to hold antiradical activity of the extract on the high level 

till the total phenol content did not decrease below 3.0 mg g-1 GAE (Fig. 3) when caffeic 

acid concentration became too low. 

Combining data of total polyphenol content and antiradical activity, it is concluded 

that larger PP wastes can be stored in the plastic open containers at 20 ± 3 °C in open air 

without additional aeration for up to two days without significant changes in the total 

polyphenol amounts and antiradical activity. Finely shredded PP is easily exposed to the 

microbial and fermentative degradation and should not be stored at the same conditions 

longer that one day. 

 

CONCLUSIONS 

 

Results show that larger peel samples, large flakes and small peel particles, can be 

stored in the plastic open containers at 20 ± 3 °C in open air without additional aeration 

for up to two days without significant changes in the total polyphenol amount and 

antiradical activity. Starting with the third day, total phenol amount in the both peel 

sample types decreased in average by 40%, comparing to the previous day. Finely 

shredded peel show significant decrease in the total phenol amount, by 66%, and in the 

antiradical activity, by 97%, already on the second day of the storage. This fact indicates 

that in the finely shredded peel samples phenols are easily accessible to the oxidative 

and fermentative processes. Based on the results, if there are no special conditions for 

the storage of the potato peel wastes at the processing plant, for the efficient phenol 

extraction purpose it is recommended to store the whole solid peel material, that is not 
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grinded, no longer than for two days. Meanwhile, finely shredded peel must not be stored 

more than one day. Acquired results make a basis for the upcoming study on the 

application of the potato peel wastes and its extracts in the food production. 
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