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Abstract 

Potato peels are reported to be a good source of phenolic compounds which are in higher concentration in peels than 

in potato pulp. Therefore, extraction of these bioactive compounds from peel waste should be done in an economically 

viable, sustainable and efficient way. Hence, this study aimed for a comparative evaluation of different techniques of 

extraction in order to achieve a high extraction rate of phenolic compounds. The methods compared were maceration 

(24 h at room temperature without agitation for 3 repeated cycles), maceration (24 h at 37°C with continuous agitation 

at 120 rpm for 3 repeated cycles), ultrasound-assisted extraction (15 min at 90% pulse ratio and 60 kHz frequency) and 

thermal decoction (80 °C for 22 minutes) using 100% ethanol with constant 1:10 solid: solvent ratio for all the four 

methods. The extraction efficiency was evaluated based on extraction yield, total phenolic content, total flavonoid 

content and antioxidant activity measured by DPPH and FRAP assay. The highest extraction yield was obtained with 

maceration (24 h at 37°C with continuous agitation at 120 rpm for 3 repeated cycles) and lowest extraction yield with 

ultrasound assisted extraction attributing to its sono-chemical effects. Phytochemical analysis i.e. total phenolic 

content, flavonoid content and antioxidant activity was found to be highest in extract obtained by maceration for 24 h at 

37°C with continuous agitation. Strong correlation between phenolic, flavonoid contents and antioxidant activity assays 

and phenolics compounds identified i.e.ferulic acid, gallic acid and quercetin by HPLC confirmed the authenticity of 

results. 
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1.  INTRODUCTION 

 

Globally, potato (Solanum tuberosum) 

isrecognised asthe fourth major widely 

produced and consumed stapletuber crop in the 

world following rice, wheat and maize (Alves-

Filho et al., 2018; Pathak et al., 2017; Zaheer & 

Akhtar, 2016).Nutritionally this crop is a good 

source of dietary fibre, carbohydrates, minerals 

and phenolic substances with a high value 
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protein and enriched with number of 

micronutrients i.e. vitamins B1, B3 and B6 and 

minerals such as potassium, phosphorus and 

magnesium (Burlingame et al., 2009; Singh et 

al., 2011).However, it has been reported by 

Charmley et al. (2006) that an approximate 40-

50% of potato production is unsuitable for 

human consumption which includes the waste 

generated during processing of potatoes. A 

large fraction of population consumes potatoes 

in processed forms such as French fries, chips, 

and puree etc. Processed potato constitutes to 

only 50-60% of raw material and rest is 

discarded as waste. The by-products of 

processing include cull potatoes, potato peels 

etc. which is estimated to be 33-35% of 

original potato fresh weight. Today, a large 

proportion of this waste is being utilized as 

animal feed and biofuel (Jeddou et al., 2016; 

Schieber and Saldana, 2009;Sepelev and 

Galoburda, 2015).Moreover, it’s a zero-value 

waste accounting to 15-40% depending on 

peeling method i.e. steam, abrasion or lye 

peeling. These peels comprising the major 

portion of the processing waste pose a severe 

problem of disposal to the potato industry since 

wet peels are predisposed to microbial 

spoilage. Therefore, their valorization should 

be of prime interest to the food industry for 

sustainable environment and bearing the cost 

loss associated with management of waste 

generated (Akyol et al., 2016; Gebrechristos 

and Chen 2018; Hossain et al. 2014). 

Considering the peel composition, the potato 

peel extract has been known to exhibit 

antioxidative and antiradical activities 

(Friedman et al., 2017). It has been used to 

prevent lipid oxidation in oil-in-water 

emulsions and plant oils (Habeebullah et al., 

2010), minced mackerel meat (Farvin et al., 

2012), and ground beef patties (Mansour, 

Khalil, 2000) and other health-positive effects. 

Therefore extraction which is the first step of 

the valorisation of bioactive compounds from 

plant matrices to recover any target compound 

should be economically viable, sustainable, 

quick and efficient (Apel et al., 2020; Giuffrè 

et al., 2018). As a result, to date studies have 

been conducted investigating the effect of 

different extraction techniques such as solid–

liquid extraction (SLE) (Amado et al., 2014) 

ultrasound-assisted extraction (UAE) (Hossain 

et al., 2014), pressurised-liquid extraction 

(PLE) (Wijngaard et al., 2012), or microwave 

assisted extraction (Singh et al., 2011) on the 

recovery of phenolic compounds from potato 

peels. 

Therefore, in this study a comparative analysis 

of four different extraction methods 

(maceration with and without shaking, 

ultrasonic and thermal decoction) selected on 

the basis of feasibility of facilities available is 

done to establish the best suitable method for 

the extraction of bioactive compounds from 

potato peel samples using 100% ethanol. 

While SLE (maceration) and thermal decoction 

are conventional methodsbased on direct 

physical contact between solid and solvent, 

UAE is a non-conventional technique based on 

mechanical disruption of cell walls by 

ultrasoundthus reducing particle size of matrix 

and allowing greater penetration of solvent into 

the sample matrix which might result in higher 

and faster recovery of bioactive 

compounds(AL-Bukhaiti et al., 2018; Chemat 

et al., 2017; Vilkhu et al., 2008). 

 

2. MATERIALS AND METHODS 

 

Materials 

Potato peels (Solanum tuberosum cv. Lady 

Rosetta (red skin)) obtained using abrasive 

peeling were collected from local potato chip 

manufacturing industry in New Delhi, India on 

3rd October, 2018.  

The peels were collected in plastic zip lock 

bags and thereafter washed thrice under 

running tap water to remove any debris and 

then rinsed with distilled water. Washed peels 

were weighed and sun-dried for 3-4 days until 

constant weight was obtained.  

After complete dryness, they were ground to a 

powder and sieved using a standard 50 mesh 

size sieve to ensure symmetry of particle size. 

Dried powder samples were weighed and kept 

in aluminium zip lock pouches, at -20°C until 

the day of analysis. 
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Reagents 

The analytical grade chemicals (DPPH, Folin-

Ciocalteu reagent, Aluminium chloride, sodium 

hydroxide, hydrochloric acid), solvents 

(Ethanol) and phenolic acid standards (gallic 

acid, quercetin, and Trolox etc.) used were 

purchased from Hi-media Laboratories, 

Mumbai, India; Sisco Research Laboratories, 

Mumbai, India and Sigma Aldrich, Bengaluru, 

India. The assays were carried out using Milli-

Q water (Merck Millipore; Billerica, USA). 

 

Preparation of Potato peel extracts 

Maceration at 37°C in shaker 

10 g of grounded potato peel powder was 

dissolved in 100 mL of 100% ethanol. The 

solution was stirred for 24 h at 120 rpm at 37°C 

using an orbital shaker and centrifuged at 2800 

rpm for 10 min. The extracts were filtered 

through Whatman No.1 filter paper and the 

residue was re-extracted two more times under 

the same conditions. The three filtrates 

obtained were combined and solvent was 

evaporated in a rotary evaporator below 45℃. 

The extracts obtained after evaporation of 

organic solvent were subjected for further 

analysis (Modified: Rowayshed et al., 2015). 

 

Maceration at room temperature (18°C at 

the time of extraction without shaking) 

10 g of powdered peel was extracted with 100 

ml of 100% ethanol at room temperature (18°C 

at the time of experiment) overnight and 

centrifuged at2800 rpm for 10 min. The 

supernatant was collected in a separate bottle 

and the residue was re-extracted two more 

times under the same conditions. The three 

filtrates were combined and solvent was 

evaporated in a rotary evaporator below 40°C. 

The extract obtained after evaporation of 

organic solvent was used as natural antioxidant 

(Modified: Farvin et al., 2012). 

 

Ultrasound assisted extraction 

Ultrasound-assisted extraction was done 

according to the methodology proposed by 

Anaya-Esparza et al. (2018)and Samarin et al. 

(2012) with some modifications.  

10 g of grounded peel powder was dissolved in 

100 mL of 100% ethanol. An ultrasonic probe 

was immersed at 2 cm into the solution and 

kept in ice bath to control the rise in extraction 

temperature caused by exothermic reactions. 

The experimental conditions used for the 

extraction were frequency of 60 kHz with 

sonication amplitude of 90% and pulse cycle of 

1 second (0.6 seconds of power discharge and 

pause of 0.4 s)for 15 min.  

The solute-solvent mixture was then 

centrifuged for 10 min at 3000g and the 

supernatant was separated from the residue and 

filtered using filter paper Whatman No. 1. Then 

solvent was evaporated in a rotary evaporator 

below 40°C. 

 

Thermal decoction 

Thermal decoction was carried out under the 

conditions optimized by Wijngaard et al. 

(2012) for extraction of polyphenols from 

industrial potato peel waste generated.  

10g peel powder was mixed with 100 mL of 

100% ethanol into amber glass bottles, and the 

solution was slowly boiled at 80℃ for 22 mins 

(optimized time-temperature).  

The extracts werecooled to room temperature 

and centrifuged for 10mins at 995g. The 

supernatant obtained were filtered through 

Whatman No. 1 filter paper. The filtrate 

obtained was collected and solvent was 

evaporated using rotary evaporator below 

45°C.  

The extract obtained after solvent evaporation 

was stored at -20°C inamber glass bottles 

wrapped with aluminium foil until analysis.  

 

Extraction yield 

Extraction yield was defined as the percentage 

of the soluble polyphenols extracted from the 

total weight of the sample (g).  

The extraction yield was calculated using the 

equation as suggested by Aydar et al. (2017). 

 

 
Yield(%) = Extracted soluble polyphenols (g) ×100 

                                 Sample (g) 

 

 

 

http://www.afst.valahia.ro/


Annals. Food Science and Technology 

2020 

 

 

Available on-line at www.afst.valahia.ro    435                                    Volume 21, Issue 3, 2020 

 

PHYTOCHEMICAL ANALYSIS 

 

Determination of antioxidant (properties of 

extracts) activity 

 

Radical scavenging activity (RSA %) assay: 

Free radical scavenging activity (RSA) of the 

sample was measured using the method 

described by Rowayshed et al. (2015),with 

some modifications. An aliquot of the sample 

solution (40 μL) was mixed with 2.9 ml of 0.1 

mM DPPH (2, 2-diphenyl-1, 1-picrahydrazyl) 

in ethanol solution, incubated for 30 min at 

25°C in dark; the decrease in the absorbance at 

517 nm was measured. Ethanol was used as 

blank.  

Antioxidant activity was expressed as 

percentage inhibition of the DPPH radical and 

was determined by the following equation: 

 

Scavenging activity (%) = 1 – (As/Ao) × 100 

 

Where: As is the Absorbance of the sample and 

Ao is the Absorbance of the control. 

Control: 40 μL of ethanol mixed with 2.9 ml of 

DPPH methanol solution. 

 

Ferric reducing antioxidant power (FRAP) 

assay: Antioxidant activity was measured 

using the ferric reducing antioxidant power 

(FRAP) assay with some modifications 

(Rowayshed et al., 2015).  

The FRAP assay of compound materials in 

reducing ferric ion (Fe+3) to ferrous ion 

(Fe+2). (Fe+2/TPTZ) forms a blue complex 

color which increases the absorption at 593 nm. 

The FRAP reagent contained 2.5 ml of a 10 

mmol/L TPTZ (2,4,6-tripyridyl-s-triazine) 

solution in 40mmol/l HCL plus 2.5 mL of 20 

mmol/l FeCl3.6H2O and 25 ml of 0.3 mol/l 

acetate buffer (pH 3.6) and was freshly 

prepared and warmed at 37°C prior to usage. 

Aliquots of 0.1 ml sample solution was mixed 

with 3ml FRAP reagent and the absorbance of 

reaction mixture at 593 nm was measured 

spectrophotometrically after incubation at 37°C 

for 10 min. Calibration was against a standard 

curve (0.02-0.1 mg/ml) using freshly prepared 

Trolox.  

Determination of total polyphenol content 

(TPC) 

The total phenolic content of PP ethanolic 

extracts was determined based on the method 

of Amado et al. (2014), slightly modified using 

the Folin–Ciocalteu Reagent (FCR) with gallic 

acid as a standard. 0.1 mL of sample or blank 

was mixed with100 µL of diluted (1:10; FCR: 

Water) FCR and, after 5 min, 1 mL of a 

Na2CO3 solution (7%)was added. After 

incubation for 1 h at room temperature, the 

absorbance was read at 760 nm with 

PerkinElmer Lambda 25 UV/Vis 

spectrophotometer in 1 cm cuvettes. Readings 

were compared with a standard curve of gallic 

acid and the total phenolic content was 

expressed as mg of gallic acid equivalent per g 

of freeze dried solid (mg GAE/g). 

 

Determination of total flavonoid content 

(TFC) 

The total flavonoid content was measured by 

the method described by Silva et al. (2017) 

with modifications. The reaction mixture 

contained 100 μL of the PP extract and 430 μL 

of 5% NaNO2, which was incubated for 5 min. 

After incubation, 30 μL of AlCl3 (10%) and 

440 μL of NaOH (1 mol/l) were added to the 

reaction. The absorbance was read at 496 nm 

with Perkin Elmer Lambda 25 UV/Vis 

spectrophotometer, in 1 cm cuvettes. The 

results were expressed as mg of quercetin 

equivalents (QE) per gram (mg QE/g). 

 

HPLC analysis of peel extract for 

identification of compounds in the extract 

Potato peels: The supernatant (20 μL) obtained 

from the above extraction was directly injected 

into a Cosmosil C18-MS-II column (5 μm, 4.6 

mm i.d. × 250 mm) HPLC column. The mobile 

phase consisted of the following linear 

gradient: acetonitrile (A) and 0.5% formic acid 

(B): (A) =5% (0–5 min), 18% (5.1–30 min), 

53% (30.1–70 min), 90% (70.1–80 min), and 

5% (80.1–100 min). The flow rate was 1.0 

mL/min at 35 °C, peaks were monitored at 320 

nm, and UV/Vis spectra were 

recorded.Chromatographic comparison with 

analytical standards, absorbance spectra, and 
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mass spectra, were used to identify 

compounds(Friedman et al., 2017). 

 

Statistical analysis 

Results are expressed as means±S.D of 

triplicate readings. Statistical analyses are 

performed using one-way ANOVA for mean 

comparisons and Post-hoc Tukey HSD test at a 

95.0% confidence level to establish the 

significant difference among the means using 

STATA software. Correlation analyses were 

performed using a Pearson correlation test in 

Excel, 2010. 

 

3.  RESULTS AND DISCUSSION  

 

Extraction yield 

Extraction yieldof the potato peels extracts 

obtained using four methods of extraction are 

presented in Table 1 as % yield. Highest 

extraction yield was found to be of extract 

obtained by maceration at 37°C in orbital 

shaker with 3 repeated cycles of extraction 

whereas the extract obtained by ultrasound 

assisted extraction had the lowest yield which 

can be explained in terms of relation between 

chemical composition (dietary fibre content) of 

potato peels and experimental conditions used 

for extraction. 

Potato peels are good source of dietary fibre 

comprising of 3.4% pectin and 2.2% cellulose 

with varying amount based on the peeling 

method but this amount remains unaffected by 

abrasive peeling (Javed et al., 2019)which has 

been used to obtain this Lady rosetta variety 

peels. And as reported in literature most 

insoluble-bound phenolics chemically form 

covalent bonds with cell wall substances 

including pectin, cellulose, arabionoxylan and 

structural proteins and account for relatively 

arge fraction (20%–60% in vegetable, fruits 

and legume/seeds) compared to the soluble 

phenolics in foods (Nayak et al., 

2015).Therefore bound phenolics such as 

ferulic acid which is present as ester of 

hemicellulose and gallic acid esterified to 

glucose (as in hydrolysable tannins), or 

catechins or proanthocyanidins (as in 

condensed tannins) (Manach et al., 2005) 

require longer time of extraction for separation 

of bound compounds to get fully diffused into 

extracting solvent as conducted in conventional 

extraction thus giving maximum yield (Ramli 

et al., 2014). However the slight difference in 

the yields of extracts obtained using orbital 

shaker and without shaking is due to increase 

in mass transfer rate of solute by greater 

turbulence generated by shaker (Subramaniam 

et al., 2015). Moreover the high temperature 

used in thermal decoction resulted in higher 

yield comparative to UAE attributed to 

disruption of cell walls and solubilisation of the 

target compounds unlike in UAE where high 

temperature may cause a reduction in the sono-

chemical effects, resulting in lower recovery 

yields of antioxidants (Chematet al., 2017). 

Similar results were reported by Papoutsis et al. 

(2018) for the recovery of polyphenols and 

antioxidants from lemon waste using an 

optimised SLE technique which was higher 

than those obtained from an optimised UAE. 

 

Comparison between different extraction 

methods in terms of TPC, TFC and 

antioxidant capacity (measured by DPPH 

and FRAP assay) 

The phytochemical analysis of the peel extracts 

obtained using four methods of extraction are 

summarised in Table 2.  

 

Table 1: Extraction efficiency of conventional and non-conventional method of extractions 

Method of Extraction Time Temperature % Yield  

Maceration in Orbital shaker 3 repeated cycles 

(24hrs. each) 

37°C 2.134±0.74 

Maceration without shaking 3 repeated cycles 

(24hrs. each) 

Room temperature (18°C 

at the time of experiment) 

1.892±0.54 

Thermal Decoction 22 minutes 80 °C 1.253±1.03 

Ultrasound assisted extraction 15 minutes Ice bath 0.876±0.85 

The data are the mean ± SD of three replicates 
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Table 2: Phytochemical analysis of the potato peel extracts obtained by four extraction methods  

Method of 

Extraction 

DPPH (%Radical 

scavenging 

activity) 

FRAP assay 

(mg TE/gdb) 

Total Phenolic 

Content (mg 

GAE/gdb) 

Total Flavonoid 

Content (mg 

QE/gdb) 

Maceration in 

Orbital shaker 

91.07 ± 0.43a 8.76 ± 0.95 12.02 ± 0.56 10.19 ± 0.21 

 

Maceration 

without shaking 

88.23 ± 1.04a 12.35 ± 1.95 7.77 ± 0.13 8.89 ± 0.11 

 

Thermal 

Decoction 

66.97 ± 2.56b 6.21 ± 0.57c 3.35 ± 0.81d 

 

2.51 ± 0.03 

 

Ultrasound 

assisted 

extraction 

61.48 3.89b 6.26± 0.59c 2.55 ± 0.54d 

 

1.51 ± 0.25 

 

The data are the mean ± SD of three replicates                                                              

TE: Trolox equivalent; GAE: Gallic acid equivalent; QE: Quercetin equivalent                                            

Numbers in the same column followed by the same letter are not significantly different at P<0.05. 

 

Among the four methods used for extraction of 

polyphenols keeping solid: solvent ratio 

constant (1:10), conventional maceration 

extraction at 37°C using orbital shaker was 

found to be most efficient, in obtaining extract 

with highest antioxidant potential attributing to 

long contact time between solid and solvent 

and repeated cycles of extraction while UAE 

was not found to be as efficient and resulted in 

least TPC and TFC values. 

This could be explained as inefficiency of UAE 

to extract hydrolysable polyphenols such as 

ellagitannins due to the large amount of 

exothermic energy produced during extraction 

which may result in oxidation of molecules 

with high molecular mass. However heat 

treatment used in thermal decoction (80°C) 

could hydrolyze those high molecular weight 

polyphenols into smaller fractions and hence 

result in comparatively high antioxidant 

potential and phenolic contentthan UAE(Poodi 

et al., 2017; Sousa et al., 2016). With respect to 

the antioxidant capacity estimated by FRAP 

assay, significant differences (p<0.05) were 

observed between maceration with shaking and 

without shaking treatments attributing to 

theenhancement in diffusion of bioactive 

compounds in solvent caused by high particle 

movements by shaker. Moreover antioxidant 

activities values estimated by DPPH and FRAP 

assay were found to be significantly different 

for all the four treatments. The difference in the 

results obtained by two assays can be explained 

in terms of difference in types, relative 

amounts, and reaction of antioxidant 

constituents in extracts and possibly due to the 

fact that phenolic compounds respond 

differently depending on number of phenolic 

groups (Tamuly et al., 2013).                 

The lowest values of DPPH-RSA, FRAP, TPC, 

and TFC obtained with ultrasonic extraction 

(Table 1) could also be explained by free 

radicals generation in the fluid due to the 

ultrasonic power causing significant 

degradation of polyphenols by inducing a 

reaction with flavonoids owing to their high 

redox potential (Ignat et al., 2011; Da Porto et 

al., 2013). Sun et al. (2017) had reported an 

ultrasound induced significant degradation of 

flavonoid cyanidin-3-glucosylrutinoside, 

resulting in an alteration in antioxidant activity 

of red raspberry fruits. Moreover, the high 

frequency used (60kHz) in the extraction has 

also been reported to significantly affecting the 

intensity of the acoustic cavitation in solvent 

medium resulting in lower phenolic yield and 

antioxidant activity, a lower frequency has 

been found to be more favourable for higher 

recovery of phenolics by creating large but 

relatively fewer cavitationalbubbles which 

collapse with higher energylevel, thus resulting 

in a greater degree of cell disruption (Wu et al., 

2013).Similar findings were reported by 

Altemimi et al. (2015), for polyphenol 

recoveryusing ultrasonication from spinach 

where the ultrasonic bath operating at 37 
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kHzwas more effective than 80 kHz at 

temperature–power–time combination of 40 

°C, 50% and 30 min,with regard to extraction 

yield, total phenols and %DPPH inhibition.The 

other important factor affecting the TPC and 

TFC of the extracts obtained UAE is amplitude 

of ultrasonic waves generated during the 

extraction (Zhou et al., 2004). The high 

amplitude (90%) used for extraction also 

caused a reduction in TPC and antioxidant 

capacity of extracts, as reported by Lanez and 

Haoua (2017) a decrease in amplitude results in 

higher amounts of TPC and TFC.  

However, the TPC of the extracts obtained by 

UAE and thermal decoction was not 

significantly different (Table 2) but high 

temperature used in thermal decoction resulted 

in comparatively high phenolic yield by 

increasing the solubility and diffusion of 

bioactive compounds from plant matrix into the 

solvent (Pinelo et al., 2005). Though, this yield 

was much lower than the TPC of the extracts 

obtained by maceration with and without 

shaking as heating above an optimum 

temperature may have caused a decline in TPC 

attributing to the degradation of cell walls by 

rise in temperature resulting in the release of 

both phenolic compounds and enzymes 

involved in oxidation. In addition, the activity 

of these oxidative enzymes i.e., peroxidase, 

polyphenol oxidase gets enhanced by 

temperature applied leading to lower 

polyphenol yields (Abad et al., 2007, 

Mizobutsi et al., 2010). The lower antioxidant 

capacity of extracts obtained by UAE and 

thermal decoction could becredited to the lower 

phenolic and flavonoid content in these extracts 

since a high correlation between TFC, TPC and 

antioxidant assays (DPPH and FRAP) was 

observed (Figure 1). 

 

Correlation between phenolic/flavonoid 

content and antioxidant activity 

The role of phenolic compounds as 

antioxidants has been recognized by means of 

their ability to donate electron and formed a 

stable radical inter mediates. The present study 

found that scavenging activity and reducing 

power were highly correlated with total 

phenolic and total flavonoid content of potato 

peel extracts (Figure 1). The variation in 

correlation among the FRAP, TPC and TFV 

the selected plant species may be due to a 

different reaction mechanism involved in these 

assays. Strong correlation of DPPH with FRAP 

with value 0.659, confirms the authenticity of 

results of antioxidant potential for the peel 

extracts. 

Phytochemicals identification by HPLC 

The major phenolic compounds and flavonoids 

contributing to the antioxidant activity of 

potato peel extracts with highest antioxidant 

potential i.e. extract obtained by maceration at 

37°C were ferulic acid, gallic acid, quercetin, 

gallic acid and vanillin. 

 

 
Figure 1: Pearson correlation analysis 
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4. CONCLUSIONS 

 

The findings of this study suggest thatselection 

of a suitable extraction technique is a very 

crucial prerequisite in antioxidant studies by 

having a direct impact on the recovery and 

physiological functions of antioxidant 

compounds to be extracted from the plant 

materials. From the results it can be seen that 

influence of extraction methoddepends upon 

not only on the physical property of the sample 

but also on its chemical composition and 

extraction conditions. Therefore, application of 

any extraction method for food or dietary 

supplement warrant further research before 

being produced in large scale in order to 

identify the most efficient extraction technique 

for extracting its antioxidants.In this study, the 

conventional maceration at 37° in shaker 

proved to be a best method for the extraction of 

bioactive compounds from potato peels based 

on the indices i.e. extraction yield, total 

phenolic content, total flavonoid content and 

antioxidant activity of the extracts. 

 

5. ACKNOWLEDGMENT 

 

The authors are cordially acknowledging Dr. 

Madhu Chopra, Assistant Professor in DR. 

B.R. Ambedkar Centre for Biomedical 

Research, University of Delhi for granting 

permission to work in the Drug development 

Lab for chemical analysis. We would like to 

kindly thank Pepsico-Fritolay manufacturing 

Plant for providing the potato peel waste 

samples. The first author is also thankful to the 

University Grants Commission (UGC), for 

awarding the UGC-NET/JRF fellowship for the 

research work. 

 

6. REFERENCES  
 

[1] Alves-Filho, Elenilson G., Valéria M. Sousa, Paulo 

RV Ribeiro, Sueli Rodrigues, Edy S. de Brito, 

Brijesh K. Tiwari, and Fabiano AN Fernandes. 

"Single-stage ultrasound-assisted process to extract 

and convert α-solanine and α-chaconine from 

potato peels into β-solanine and β-

chaconine." Biomass Conversion and Biorefinery 8, 

no. 3 (2018): 689-697. 

[2] Pathak, Pranav D., Sachin A. Mandavgane, Nikhil 

Manoj Puranik, Swapnil Jaygopal Jambhulkar, and 

Bhaskar D. Kulkarni. "Valorization of potato peel: 

a biorefinery approach." Critical reviews in 

biotechnology 38, no. 2 (2018): 218-230. 

[3] Zaheer, Khalid, and M. Humayoun Akhtar. "Potato 

production, usage, and nutrition—a 

review." Critical reviews in food science and 

nutrition 56, no. 5 (2016): 711-721. 

[4] Burlingame, Barbara, Beatrice Mouillé, and Ruth 

Charrondiere. "Nutrients, bioactive non-nutrients 

and anti-nutrients in potatoes." Journal of Food 

Composition and Analysis 22, no. 6 (2009): 494-

502. 

[5] Singh, Ashutosh, Kebba Sabally, Stan Kubow, 

Danielle J. Donnelly, Yvan Gariepy, Valérie Orsat, 

and G. S. V. Raghavan. "Microwave-assisted 

extraction of phenolic antioxidants from potato 

peels." Molecules 16, no. 3 (2011): 2218-2232. 

[6] Chemat, Farid, Natacha Rombaut, Anne-Gaëlle 

Sicaire, Alice Meullemiestre, Anne-Sylvie Fabiano-

Tixier, and Maryline Abert-Vian. "Ultrasound 

assisted extraction of food and natural products. 

Mechanisms, techniques, combinations, protocols 

and applications. A review." Ultrasonics 

sonochemistry 34 (2017): 540-560. 

[7] Jeddou, Khawla Ben, Fatma Chaari, Sameh 

Maktouf, Oumèma Nouri-Ellouz, Claire Boisset 

Helbert, and Raoudha Ellouz Ghorbel. "Structural, 

functional, and antioxidant properties of water-

soluble polysaccharides from potatoes peels." Food 

Chemistry 205 (2016): 97-105. 

[8] Schieber, Andreas, and Marleny DA Saldaña. 

"Potato peels: a source of nutritionally and 

pharmacologically interesting compounds-a 

review." (2009). 

[9] Sepelev, Igor, and Ruta Galoburda. "Industrial 

potato peel waste application in food production: a 

review." Research for Rural Development 1 (2015): 

130-136. 

[10] Akyol, Hazal, Ylenia Riciputi, Esra Capanoglu, 

Maria Fiorenza Caboni, and Vito Verardo. 

"Phenolic compounds in the potato and its 

byproducts: an overview." International Journal of 

Molecular Sciences 17, no. 6 (2016): 835. 

[11] Gebrechristos, Haftom Yemane, and Weihua Chen. 

"Utilization of potato peel as eco‐friendly products: 

A review." Food science & nutrition 6, no. 6 

(2018): 1352-1356. 

[12] Hossain, Mohammad B., Brijesh K. Tiwari, 

Nirupama Gangopadhyay, Colm P. O’Donnell, 

Nigel P. Brunton, and Dilip K. Rai. "Ultrasonic 

extraction of steroidal alkaloids from potato peel 

waste." Ultrasonics sonochemistry 21, no. 4 (2014): 

1470-1476. 

[13] Friedman, Mendel, Nobuyuki Kozukue, Hyun-

Jeong Kim, Suk-Hyun Choi, and Masashi Mizuno. 

"Glycoalkaloid, phenolic, and flavonoid content 

and antioxidative activities of conventional 

http://www.afst.valahia.ro/


Annals. Food Science and Technology 

2020 

 

 

Available on-line at www.afst.valahia.ro    440                                    Volume 21, Issue 3, 2020 

 

nonorganic and organic potato peel powders from 

commercial gold, red, and Russet 

potatoes." Journal of Food Composition and 

Analysis 62 (2017): 69-75. 

[14] Habeebullah, Sabeena Farvin Koduvayur, Nina 

Skall Nielsen, and Charlotte Jacobsen. "Antioxidant 

activity of potato peel extracts in a fish-rapeseed oil 

mixture and in oil-in-water emulsions." Journal of 

the American Oil Chemists' Society 87, no. 11 

(2010): 1319-1332. 

[15] Farvin, KH Sabeena, Helene Drejer Grejsen, and 

Charlotte Jacobsen. "Potato peel extract as a natural 

antioxidant in chilled storage of minced horse 

mackerel (Trachurus trachurus): Effect on lipid and 

protein oxidation." Food Chemistry 131, no. 3 

(2012): 843-851. 

[16] Mansour, Esam H., and Ali H. Khalil. "Evaluation 

of antioxidant activity of some plant extracts and 

their application to ground beef patties." Food 

Chemistry 69, no. 2 (2000): 135-141. 

[17] Apel, Cécile, James G. Lyng, Konstantinos 

Papoutsis, Sabine M. Harrison, and Nigel P. 

Brunton. "Screening the effect of different 

extraction methods (ultrasound-assisted extraction 

and solid–liquid extraction) on the recovery of 

glycoalkaloids from potato peels: Optimisation of 

the extraction conditions using chemometric 

tools." Food and Bioproducts Processing 119 

(2020): 277-286. 

[18] Giuffrè, Angelo M., Clotilde Zappia, Marco 

Capocasale, Marco Poiana, Rossana Sidari, 

Leonardo Di Donna, Lucia Bartella et al. "Vinegar 

production to valorise Citrus bergamia by-

products." European Food Research and 

Technology 245, no. 3 (2019): 667-675. 

[19] Amado, Isabel Rodríguez, Daniel Franco, Marivel 

Sánchez, Carlos Zapata, and José Antonio 

Vázquez. "Optimisation of antioxidant extraction 

from Solanum tuberosum potato peel waste by 

surface response methodology." Food 

chemistry 165 (2014): 290-299. 

[20] Wijngaard, Hilde Henny, Mélanie Ballay, and 

Nigel Brunton. "The optimisation of extraction of 

antioxidants from potato peel by pressurised 

liquids." Food Chemistry 133, no. 4 (2012): 1123-

1130. 

[21] AL-Bukhaiti, Wedad Q., Anwar Noman, Amer Ali 

Mahdi, Abdelmoneim H. Ali, Sherif M. Abed, 

Marwan MA Rashed, and Hongxin Wang. 

"Profiling of phenolic compounds and antioxidant 

activities of Cissus rotundifolia (Forssk.) as 

influenced by ultrasonic-assisted extraction 

conditions." Journal of Food Measurement and 

Characterization 13, no. 1 (2019): 634-647. 

[22] Chemat, Farid, Natacha Rombaut, Anne-Gaëlle 

Sicaire, Alice Meullemiestre, Anne-Sylvie Fabiano-

Tixier, and Maryline Abert-Vian. "Ultrasound 

assisted extraction of food and natural products. 

Mechanisms, techniques, combinations, protocols 

and applications. A review." Ultrasonics 

sonochemistry 34 (2017): 540-560. 

[23] Vilkhu, Kamaljit, Raymond Mawson, Lloyd 

Simons, and Darren Bates. "Applications and 

opportunities for ultrasound assisted extraction in 

the food industry—A review." Innovative Food 

Science & Emerging Technologies 9, no. 2 (2008): 

161-169. 

[24] Rowayshed, G., A. M. Sharaf, S. Y. El-faham, M. 

Ashour, and AHMED A. ZAKY. "Utilization of 

potato peels extract as source of phytochemicals in 

biscuits." J Basic App Res Int 20 (2015): 190-201. 

[25] Anaya-Esparza, Luis Miguel, Dení Ramos-Aguirre, 

Víctor Manuel Zamora-Gasga, Elhadi Yahia, and 

Efigenia Montalvo-González. "Optimization of 

ultrasonic-assisted extraction of phenolic 

compounds from Justicia spicigera leaves." Food 

science and biotechnology 27, no. 4 (2018): 1093-

1102. 

[26] Samarin, Azadeh Mohagheghi, Hashem 

Poorazarang, Nima Hematyar, and Amirhosein 

Elhamirad. "Phenolics in potato peels: extraction 

and utilization as natural antioxidants." World 

applied sciences journal 18, no. 2 (2012): 191-195. 

[27] Aydar, A. Y., N. Bağdatlıoğlu, and O. Köseoğlu. 

"Effect of ultrasound on olive oil extraction and 

optimization of ultrasound-assisted extraction of 

extra virgin olive oil by response surface 

methodology (RSM)." Grasas y Aceites 68, no. 2 

(2017): 189. 

[28] Silva-Beltrán, Norma Patricia, Cristóbal Chaidez-

Quiroz, Osvaldo Lopez-Cuevas, Saul Ruiz-Cruz, 

Marco A. Lopez-Mata, Carmen Lizette Del-Toro-

Sánchez, Enrique Marquez-Rios, and Jose de Jesus 

Ornelas-Paz. "Phenolic compounds of potato peel 

extracts: Their antioxidant activity and protection 

against human enteric viruses." J. Microbiol. 

Biotechnol 27, no. 2 (2017): 234-241. 

[29] Javed, Ahsan, Awais Ahmad, Ali Tahir, Umair 

Shabbir, Muhammad Nouman, and Adeela 

Hameed. "Potato peel waste-its nutraceutical, 

industrial and biotechnological applications." AIMS 

Agriculture and Food 4, no. 3 (2019): 807. 

[30] Nayak, Balunkeswar, Rui Hai Liu, and Juming 

Tang. "Effect of processing on phenolic 

antioxidants of fruits, vegetables, and grains—a 

review." Critical Reviews in Food Science and 

Nutrition 55, no. 7 (2015): 887-918. 

[31] Manach, Claudine, Gary Williamson, Christine 

Morand, Augustin Scalbert, and Christian Rémésy. 

"Bioavailability and bioefficacy of polyphenols in 

humans. I. Review of 97 bioavailability 

studies." The American journal of clinical 

nutrition 81, no. 1 (2005): 230S-242S. 

[32] Ramli, Nurul Shazini, Patimah Ismail, and Asmah 

Rahmat. "Influence of conventional and ultrasonic-

assisted extraction on phenolic contents, betacyanin 

contents, and antioxidant capacity of red dragon 

http://www.afst.valahia.ro/


Annals. Food Science and Technology 

2020 

 

 

Available on-line at www.afst.valahia.ro    441                                    Volume 21, Issue 3, 2020 

 

fruit (Hylocereus polyrhizus)." The Scientific World 

Journal 2014 (2014). 

[33] Subramaniam, Shankar, Ravikumar Raju, 

Anbumathi Palanisamy, and Aravind 

Sivasubramanian. "Development and extraction 

optimization of baicalein and pinostrobin from 

Scutellaria violacea through response surface 

methodology." Pharmacognosy magazine 11, no. 

Suppl 1 (2015): S127. 

[34] Papoutsis, Konstantinos, Penta Pristijono, John B. 

Golding, Costas E. Stathopoulos, Michael C. 

Bowyer, Christopher J. Scarlett, and Quan V. 

Vuong. "Optimizing a sustainable ultrasound-

assisted extraction method for the recovery of 

polyphenols from lemon by-products: comparison 

with hot water and organic solvent 

extractions." European Food Research and 

Technology 244, no. 8 (2018): 1353-1365. 

[35] Poodi, Yasaman, Mandana Bimakr, Ali Ganjloo, 

and Soheila Zarringhalami. "Intensification of 

bioactive compounds extraction from Feijoa (Feijoa 

sellowiana Berg.) leaves using ultrasonic 

waves." Food and bioproducts processing 108 

(2018): 37-50. 

[36] Sousa, Adriana Dutra, Ana Isabel Vitorino Maia, 

Tigressa Helena Soares Rodrigues, Kirley Marques 

Canuto, Paulo Riceli Vasconcelos Ribeiro, Rita de 

Cassia Alves Pereira, Roberto Fontes Vieira, and 

Edy Sousa de Brito. "Ultrasound-assisted and 

pressurized liquid extraction of phenolic 

compounds from Phyllanthus amarus and its 

composition evaluation by UPLC-

QTOF." Industrial Crops and Products 79 (2016): 

91-103. 

[37] Tamuly, Chandan, Bipul Saikia, Moushumi 

Hazarika, Jayanta Bora, Manob J. Bordoloi, and O. 

P. Sahu. "Correlation between phenolic, flavonoid, 

and mineral contents with antioxidant activity of 

underutilized vegetables." International journal of 

vegetable science 19, no. 1 (2013): 34-44. 

[38] Ignat, Ioana, Irina Volf, and Valentin I. Popa. "A 

critical review of methods for characterisation of 

polyphenolic compounds in fruits and 

vegetables." Food chemistry 126, no. 4 (2011): 

1821-1835. 

[39] Da Porto, Carla, Erica Porretto, and Deborha 

Decorti. "Comparison of ultrasound-assisted 

extraction with conventional extraction methods of 

oil and polyphenols from grape (Vitis vinifera L.) 

seeds." Ultrasonics sonochemistry 20, no. 4 (2013): 

1076-1080. 

 

 

 

 

 

 

 

[40] Sun, Jianxia, Xinghua Li, Xinyu Lin, Zhouxiong 

Mei, Yitao Li, Lijun Ding, and Weibin Bai. 

"Sonodegradation of cyanidin‐3‐glucosylrutinoside: 

degradation kinetic analysis and its impact on 

antioxidant capacity in vitro." Journal of the 

Science of Food and Agriculture 97, no. 5 (2017): 

1475-1481. 

[41] Wu, Ta Yeong, Ningqun Guo, Chee Yang Teh, and 

Jacqueline Xiao Wen Hay. "Theory and 

fundamentals of ultrasound." In Advances in 

ultrasound technology for environmental 

remediation, pp. 5-12. Springer, Dordrecht, 2013. 

[42] Altemimi, Ammar, Ruplal Choudhary, Dennis G. 

Watson, and David A. Lightfoot. "Effects of 

ultrasonic treatments on the polyphenol and 

antioxidant content of spinach 

extracts." Ultrasonics sonochemistry 24 (2015): 

247-255. 

[43] Zhou, Kequan, and Liangli Yu. "Effects of 

extraction solvent on wheat bran antioxidant 

activity estimation." LWT-Food science and 

Technology 37, no. 7 (2004): 717-721.   

[44] Lanez, Touhami, and Khaoula Ben Haoua. "The 

effect of soxhlet and ultrasonic-assisted extraction 

on antioxidant components and antioxidant 

properties of selected south Algerian red potatoes 

cultivars." Scientific Study & Research. Chemistry 

& Chemical Engineering, Biotechnology, Food 

Industry 18, no. 4 (2017): 435-448. 

[45] Pinelo, Manuel, Monica Rubilar, María Jerez, Jorge 

Sineiro, and María José Núñez. "Effect of solvent, 

temperature, and solvent-to-solid ratio on the total 

phenolic content and antiradical activity of extracts 

from different components of grape 

pomace." Journal of agricultural and food 

chemistry 53, no. 6 (2005): 2111-2117. 

[46] Abad-Garcia, B., L. A. Berrueta, D. M. López-

Márquez, I. Crespo-Ferrer, B. Gallo, and F. 

Vicente. "Optimization and validation of a 

methodology based on solvent extraction and liquid 

chromatography for the simultaneous determination 

of several polyphenolic families in fruit 

juices." Journal of Chromatography A 1154, no. 1-

2 (2007): 87-96. 

[47] Mizobutsi, Gisele Polete, Fernando Luiz Finger, 

Rosilene Antônio Ribeiro, Rolf Puschmann, 

Ludmila Lafetá de Melo Neves, and Wagner 

Ferreira da Mota. "Effect of pH and temperature on 

peroxidase and polyphenoloxidase activities of 

litchi pericarp." Scientia Agricola 67, no. 2 (2010): 

213-217. 

 

http://www.afst.valahia.ro/

