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ABSTRACT 

 
The aim of this study was to examine the impact of raw potato (cv. Birgit and Lady Claire) 

during aging, processing conditions applied (anti - browning agent, type of packaging materials and 

methods), and storage conditions on the quality and safety as well as sensory properties of minimally 

processed potatoes (MPP) (raw and thermally treated). The research described in the doctoral thesis 

consists of three parts. The first and second part of the research include a study of the influence of 

cultivar, tubers age, anti-browning agents, packaging conditions , temperature and storage time of 

MPP on the quality and sensory properties of raw and thermally treated samples. Potato cultivars 

Birgit and Lady Claire were peeled, sliced and treated with 1% sodium chloride solution (SC) or 2% 

sodium ascorbate solution (SA). The samples were packaged in vacuum and modified atmosphere, 

MAP (10% CO2, 3% O2 and 87% N2) and stored for 10 days at 3 and 10 °C. During storage, total and 

soluble dry matter content, pH, CIELab color parameters, texture, O2 and CO2 content within the 

package, number of aerobic mesophilic bacteria, and number of Enterobacteriaceae in raw samples 

were analyzed.In the third part, the influence of cultivar, tubers age, storage time and type of thermal 

treatement on phenolics, sugars and acrylamide content in the MPP samples were investigated. The 

content of phenolics and acrylamide was analyzed by ultra-performance liquid chromatography-

tandem mass spectrometry (UPLC MS2) and the content of sugars by high performance liquid 

chromatography (HPLC). Furthermore, fried samples were also analyzed for the content of polycyclic 

aromatic hydrocarbons (PAHs) by donor-acceptor complex chromatography (DACC). 

  It was concluded that cv. Birgit was more acceptable for the production of MPP in comparison 

with cv. Lady Claire. Treatment with SA solution and vacuum packaging were more effective in MPP 

preserving than the treatment with SC solution and MAP providing product safety and quality as well 

as sensory properties of the samples until the 8th day of storage. The storage temperature (3 or 10 

°C)did not have an important role on the shelf-life of the samples. The tubers age affected the physical 

properties of raw MPP (dry matter content, pH, color and texture) and taste of cooked MPP.However, 

such a conditions did not have a significant effect on the characteristic odor of raw and cooked MPP or 

taste of fried and baked MPP. The content of total phenolics was higher in cv. Lady Claire and it 

decreased during MPP storage. The content of sugars was higher in cv. Birgit. During tubers aging, the 

content of sugars increased, while storage time of MPP did not affect the amount of sugars.The 

content of phenolics and sugars was the highest in raw samples, while it was the lowest in cooked 

samples. The content of acrylamide increased with the age of tubers and MPP storage time.The 

content of PAHs was higher in the cv. Lady Claire and in MAP samples.Regardless of investigated 

sources of variation, the level of acrylamide and PAHs were under the limits according to the official 

regulation. In general, all samples were microbiologically acceptable. 

Keywords: Birgit, Lady Claire, minimally processed potato, browning, packaging, tubers age, 

phenolics, sensory properties, sugars, acrylamide, PAH 



 

SAŽETAK 

 

Cilj ovoga rada bio je ispitati utjecaj sirovog krumpira  (sorte Birgit i Lady Claire) tijekom 

starenja, uvjeta proizvodnje (primjena sredstva protiv posmeđivanja, uvjeti pakiranja) i uvjeta 

skladištenja na kvalitetu i sigurnost kao i senzorska svojstva minimalno procesiranoga krumpira 

(MPK) (sirovog i naknadno termički tretiranog). Istraživanje opisano u doktorskome radu se sastoji od 

tri dijela. Prvi i drugi dio rada obuhvaćaju istraživanje utjecaja sorte, starosti gomolja, sredstava protiv 

posmeđivanja, uvjeta pakiranja, temperature i vremena skladištenja MPK na kvalitetu i senzorska 

svojstva sirovih i termički obrađenih uzoraka. Krumpir sorti Birgit i Lady Claire je oguljen, narezan na 

ploške i tretiran 1% otopinom natrijeva klorida (SC) ili 2% otopinom natrijeva askorbata (SA). Isti 

uzorci pakirani su u vakuumu i modificiranoj atmosferi (10% CO2, 3% O2 i 87% N2), skladišteni 10 

dana pri temperaturi 3 i 10°C. Tokom skladištenja izuzimani su sirovi uzorci u kojima je analiziran 

udio ukupne i topljive suhe tvari, pH, parametri boje (CIELab) i teksture, udio O2 i CO2 unutar 

pakovine, broja aerobnih mezofilnih bakterija i broj Enterobacteriaceae. U trećem dijelu istraživanja 

ispitan je utjecaj sorte, starosti krumpira, duljine skladištenja i načina termičke obrade MPK na udio 

fenola i šećera u svim uzorcima te akrilamida u prženim uzorcima. Udio fenola i akrilamida je 

analiziran primjenom tekućinske kromatografije ultra visoke učinkovitosti s masenom 

spektrometrijom (UPLC MS2), a udio šećera tekućinskom kromatografijom visoke učinkovitosti 

(HPLC).Također, u prženim uzorcima je analiziran udio policikličkih aromatskih ugljikovodika (PAH) 

pomoću DACC (donor-acceptor complex chromatography) metode. 

Zaključeno je da je sorta Birgit prihvatljivija za proizvodnju MPK u odnosu na sortu Lady 

Claire. Bolji učinak u očuvanju kvalitete MPP je pokazalo tretiranje otopinom SA (2%) i pakiranje u 

vakuumu u odnosu na tretiranje SC (1%) i MAP uvjete.Uzorci tretirani otopinom SA i pakirani u 

vakuumu su bolje očuvani te su prihvatljive kvalitete i senzorskih svojstava do 8. dana skladištenja 

dok temperatura skladištenja nema značajnu ulogu u očuvanju uzoraka. Starost krumpira je utjecala na 

fizikalna svojstva sirovog MPK (udio ukupne i topljive suhe tvari, pH, boju i teksturu) i okus 

kuhanoga MPK, međutim nije imala značajan utjecaj na karakteristični miris sirovog, kuhanog, 

prženog i pečenog krumpira kao niti na okus prženog i pečenog MPK. Udio ukupnih fenola je viši u 

sorti Lady Claire i opada tijekom skladištenja MPK.  Udio šećera je viši u sorti Birgit.Starenjem 

gomolja raste udio šećera dok vrijeme skladištenja MPK nije utjecalo na udio šećera. U sirovim 

uzorcima udio fenola i šećera je najviši dok je najniži u kuhanim uzorcima. Koncentracija akrilamida 

povećava se starenjem krumpira i skladištenjem MPK. Udio PAH-ova je viši u sorti Lady Claire i u 

MAP uzorcima. Neovisno o primjenjenim uvjetima istraživanja, udio akrilamida i PAH-ova je bio 

ispod maksimalno dozvoljene granice propisane zakonskim odredbama. Svi uzorci su bili 

mikrobiološki ispravni. 

Ključne riječi: Birgit, Lady Claire, minimalno procesirani krumpir, posmeđivanje, pakiranje, starost 

gomolja, fenoli, senzorska svojstva, šećeri, akrilamid, PAH-ovi 
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General Introduction 

2 | P a g e  

 

 

Potatoes are one of the most popular foods worldwide. According to the research by 

Harper (1963), conducted on 432 respondents, only less than 1% of respondents do not like to 

eat potatoes. Potato is also a natural source of a large number of nutritive components such as 

starch, dietary fiber, amino acids, minerals, vitamins, and phenolic compounds (Akyol et al., 

2016). It can be prepared for consumption in various ways including baking, boiling, roasting, 

frying, steaming, and microwaving (Jansky, 2010). 

Minimally processed fruits and vegetables (MPFV) are the youngest group of fruit and 

vegetable products. According to the definition of the International Fresh-cut Produce 

Association (IFPA) (1999), MPFV are fruits or vegetables physically modified, but still fresh 

or cleaned and 100% usable, packaged, with high nutritional value, convenience and 

unchanged taste that retains its freshness. In the recent years due to the accelerated lifestyle in 

the developed countries, the production of minimally processed potatoes (MPP) increased. 

However, MPP is a product prone to texture, color, odor and taste changes as well as 

microbiological spoilage during storage. Therefore, it requires special conditions for 

processing and storage of raw materials as well as final product which is characterized with 

very short shelf-life.The preservation of sensory properties, safety and prolongation of the 

shelf-life of MPP can be influenced by selection of the appropriate potato cultivar, the use of 

anti-browning agents (ABA), packaging in appropriate packaging material and/or method, 

and storage at lower temperatures. 

 ABAs are substances that prevent the enzymatic reactions of potato browning in the 

presence of O2. Some of the most well-known ABA are citric and ascorbic acid, cysteine and 

sulfites, although sulfites have recently been avoided due to their adverse health effects 

(Peroni and Boner, 1995; Bobo-García et al., 2020).Since consumers prefer more natural and 

nutritional foods, ABA such as green tea extract, garlic extract, Capsicum sp. (chili pepper) 

extract, Citrus sp. (lemon) extract, Beta vulgaris (Red beet) extract, heated onion extract, 

mate extract, rosemary and onion essential oils, and rice bran extract have recently been 

explored (Bobo-García et al., 2020). 

An important factor in maintaining the food quality and safety is type of packaging. 

Proper selection of packaging materials and packaging method [e.g. vacuum packaging (VP) 

or modified atmosphere packaging (MAP)] preserves the sensory properties of food and 

prolongs the shelf-life of the product (Gorris and Peppelenbos, 1992). 

Also, the great impact on the physical, chemical and sensory properties of MPP has 

potato aging. Depending on the storage conditions and storage time, sensory properties, 
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especially texture, and chemical composition of the potatoes, such as content of sugars, dry 

matter, phenolics, etc., are changing. These changes have a significant impact on the quality 

of potatoes during heat treatment (Kumar et. al., 2004; Wustman and Struik, 2007; Kaul et al., 

2010,Rotim, 2010).  

Compounds such as reducing sugars interact with amino acids, due to the Maillard’s 

reactions, which leads to the formation of dark color pigments as well as odor and taste during 

frying (Jansky, 2010). One of the products of the Maillard’s reactions is also the potentially 

carcinogenic compound-acrylamide. Acrylamide has been the focus of European Food Safety 

Authority (EFSA) monitoring over the last decade, and its concentration in food tend to be 

reduced to a minimum (EFSA, 2015). In addition to acrylamide, one of the harmful 

mutagenic contaminants which could be found in fried foods are polycyclic aromatic 

hydrocarbons (PAHs). Raw potatoes and frying oil can be the source of PAHs or they can be 

formed during frying (Abou-Arab et al., 2014; Samsøe-Petersen et al., 2002; Wennrich et al., 

2002; Zhong and Wang, 2002). The European Commission(EC) (2011) defined permissible 

limit values for these contaminants in food: maximum permitted amount of PAHs is 2 µg kg-1 

in oils for human consumption or used as ingredients and 10 µg kg-1for benzo(a)pyrene or 

PAH4 group[benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene and chrysene]. 

Phenolics are compounds that are considered as bioactive components. Their 

production is a plant response to biotic or abiotic stresses. Their concentration in potatoes is 

conditioned by cultivar, agrotechnical processes, harvest and post-harvest treatments, storage 

conditions after harvest, processing and cooking methods (Akyol et al., 2016). 

The aim of this study was to examine the impact of raw potato (cv. Birgit and Lady 

Claire) during aging, processing conditions (applied anti - browning agent, packaging 

conditions), and storage conditions on the quality and safety as well as sensory properties of 

minimally processed potatoes (MPP) (raw and subsequently thermally treated). This 

disertation is written in form of published papers with theoretical part, general discussion and 

conclusions. 
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Chapter 1 
 

Theoretical background 

 

• Potato (Solanum tuberosum) - main features 

• Minimally processed potato 

• Influence of cultivar and potato aging on its physical, chemical and sensory 

properties 

• Browning reactions and anti-browning agents 

• Packaging 

• Influence of thermal treatment on physical, chemical and sensory properties of 

minimally processed potato 

• Hypothesis, research objectives, and expected scientific contributions 
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1. Potato (Solanum tuberosum) - main features 

 
 

 The potato (Solanum tuberosum L.) is the fourth largest food crop in the world after 

rice, wheat and maize (Akyol et al., 2016). The largest potato producer in the world is China 

with 90.3 Mt of potatoes produced in 2018 followed by India and Russia (FAOSTAT, 2020). 

According to the statistical data of the Croatian Bureau of Statistics (2019) 182 261 t of potato 

were produced in Croatia during 2018.  

 Potatoes originate from South America, more precisely from the Andes in the area of 

Peru and Bolivia. It was first brought to Europe in Spain around 1570, and a little later, 

around 1590 in England, after which it spread to all other parts of the world (Hawkes, 1992).  

 Potato is a plant that belongs to the Solanaceae family, and the genus Solanum. It 

includes about 2000 different species of which eight of them are cultivated and these are 

Solanum stenotomum, Solanum phureja, Solanum ajanhuiri, Solanum goniocalyx, Solanum 

chaucha, Solanum juzepczukii, Solanum curtilobum and Solanum tuberosum. The species 

Solanum tuberosum is divided into subspecies andigena (cultivated in South and Central 

America) and subspecies tuberosum cultivated all over the world. More than 3 000 cultivars 

of potatoes are known, of which 700 are used in cultivation (Lisińska and Leszczyński, 1989). 

 Potatoes can be propagated vegetatively, which is the most often, and generatively from 

seeds in breeding. The potato plant has a green stem with leaves that reaches a height of 30-80 

cm. During the flowering period, pentamerous flowers are formed on the stem, white, blue or 

purple color, depending on the cultivar. Over time, the flower develops into berries with 

double chambers containing up to 200 seeds. Shoots, i.e.stolons, continue on the stem below 

the ground. They are 5-30 cm long and 2-3 mm thick (Figure 1) (Lisińska and Leszczyński, 

1989). 

 Tubers are formed from the top of the stolon. They are a storage organ of potato plant. 

One plant can form 4-20 tubers. Tuber contains bud end and stem end. On the surface of the 

tuber there are hollows called eyes. The tuber consists of pith, parenchyma, vascular system 

(ring), cortex and the skin of periderm (Figure 2). After the interruption of the dormant phase, 

sprouts are formed from the buds of the tubers, from which a new plant can be formed 

(Lisińska and Leszczyński, 1989). 
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Figure 1. The parts of potato plant (CIP, 2020) 

 

 
Figure 2. Principal structural features on tuber longitudinal section (1- bud end; 2-stem end; 

3- eye; 4- periderm (skin); 5- cortex; 6- parenchyma; 7- vascular ring; 8- parenchyma; 9- pith) 

(Lisińska and Leszczyński, 1989). 
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 Potatoes grow best in the area where the average daily temperature is between 5 and 21 

°C. The most appropriate soils for growing potatoes are sandy-humus and sandy-loam soils 

that are crumbly in structure, permeable, loose and rich in minerals and organic matter with 

pH 5.4 - 6.5. Necessary macronutrients for potatoes growing are nitrogen (N), phosphorus (P) 

and potassium (K). In addition to the above, a sufficient amount of water is needed for a good 

yield of potatoes. Therefore, potato fields are often irrigated. During potato cultivation, it is 

necessary to pay attention to the crop rotation. To prevent the infestation of harmful pests and 

the spread of disease, potatoes can be planted on the same plot every 3rd or 4th year. Potatoes 

are planted in mounds to a depth of 8-12 cm. Depending on the size of the seed potato 

fraction, the distance between planted plants is from 25 cm to 50 cm (Parađiković, 2002; 

Vreugdenhil, 2007). 

 Potato cultivars differ mutually according to the morphology of the plant and the 

morphology and chemical composition of the tubers. They can also differ in terms of 

biochemical properties, growth physiology, resistance to bacteria, viruses and other pests, and 

diseases. One of the important cultivar characteristics is the length of the maturity period, i.e. 

period from planting and sprounting until harvesting, which varies between 60 and 200 days. 

(Lisińska and Leszczyński, 1989). Accordingly, potato cultivars are divided into several 

groups (Camire et al., 2009): 

• very early: 65-70 days 

• early: 70-90 days 

• medium: 90-100 days  

• late: 110-130 days 

• very late: > 130 days 

In regard to the application, potato cultivars can be distinguished as ones intended for 

retails as fresh, so-called table potato and ones intended for industrial processing. Table 

potatoes are often early cultivars that have a lower level of dry matter (total solids) and starch, 

while industrial cultivars are often late cultivars that contain a higher level of dry matter and 

are suitable for frying and production of chips, pommes frites, etc.(Lisińska and Leszczyński, 

1989). Moreover, for culinary purposes, cultivars are often divided by their waxiness on 

floury or mealy potatoes with 20–22% starch and waxy boiling potatoes with 16–18% starch. 

Potato cultivars can also be distinguished depending on the composition of amylose and 

amylopectin. Potato cultivars that contain a higher proportion of amylose are more suitable 

for the production of mashed potatoes than cultivars of potatoes that contain a higher 
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proportion of amylopectin because such potatoes retain their shape after cooking (Dresser, 

2007). 

 Potato cultivars are produced with targeted characteristics (disease resistance, high 

yield, adaptation to a particular climate, dry matter content, etc.) to satisfy the producers and 

customers. If a particular cultivar does not meet the needs of the market, it is deleted from the 

cultivar list and is no longer cultivated (Lisińska and Leszczyński, 1989). 

 The chemical composition of potatoes depends on the cultivar, cultivation year, growing 

area, potato age and type of preparation. According to the United States Department of 

Agriculture (USDA), peeled boiled potato which were boiled unpeeled contains about 77% 

water and 23% dry matter, where the starch is the most abundant (about 19%), followed by 

mono- and disaccharides (glucose, fructose and sucrose), which are present about 1.5%, 

proteins (2%) and fats (0.1%) (USDA, 2020). 

 For potato growers and the processing industry, dry matter content of potatoes is 

extremely important. The dry matter content in tubers depends on environmental factors 

during the growth of the plant and development of the tuber, such as intercepted solar 

radiation, soil temperatures, available soil moisture and cultural treatments. The dry matter 

content affects the sensory properties, particular the texture of the final product after 

processing. Also, depending on the dry matter content, it is determined whether the potatoes 

are suitable for cooking (waxy or mealy texture) or baking. Tubers with a higher dry matter 

content (more than 18-20%) are suitable for bruising during harvesting (Vreugdenhil, 2007; 

Anonymous 1, 2020). The total dry matter also contains a proportion of soluble solids. The 

soluble solids in potatoes consist of sugars (glucose, fructose, sucrose), starch, proteins, etc. 

(Maruf et al., 2019). 

 The most common sugars in potatoes are monosaccharides, i.e. reducing sugars glucose 

(0.15 - 1.5%) and fructose (0.15 - 1.5%), and disaccharides, i.e. non-reducing sugar sucrose 

(0.4 - 6.6%). The composition of sugars in potatoes varies depending on the cultivar, the 

physiological status of the tubers, external factors during growth in the field, potato age and 

storage conditions after harvest (Vreugdenhil, 2007; Cabezas-Serrano et al., 2009). The level 

of reducing sugars in potatoes that are acceptable for processing is 0.2-0.3% in chips 

production and 0.3 - 0.5% in French fries (Vreugdenhil, 2007). The large amount of sugars in 

potatoes is undesirable because it contributes to the formation of brown color, bitter taste and 

the formation of acrylamide due to the Maillard’s reactions during potatoes frying (Kumar et 

al., 2004). The content of sucrose above 1% in table potato is undesirable due to the formation 

of an unacceptable sweet taste during cooking of potatoes (Vreugdenhil, 2007). 
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 In potatoes there are 19 amino acids present, including all 10 essential ones 

(methionine, tryptophan, histidine, threonine, isoleucine, phenylalanine, arginine, leucine, 

lysine, valine) and cysteine, tyrosine, glycine, alanine, proline, serine, glutamic acid and 

aspartic acid. Cysteine is present in a minimum (24 mg 100g-1) and aspartic acid in the 

maximum amount (457 mg 100g-1). In addition, potato contains phenolic compounds and 

carotenoids, which, as well as vitamin C, show antioxidant activity and thereby have a 

positive effect on health (bioactive compounds) (Tian et al., 2016). 

 The content of bioactive compounds in the potato is relatively small and it significantly 

depends on the treatment and applied temperatures, but due to frequent consumption in large 

amounts, potato is a good source of antioxidants (Song et al., 2010; Liu, 2013). As mentioned 

previously, bioactive compounds include phenolics, secondary metabolites that are 

synthesized by plants for protection from various biotic and abiotic stresses. Some 

compounds also have antibacterial properties (Sepelev and Galoburda, 2015; Susarla, 2019). 

The content of phenolic compounds is dependent on agrotechnical processes, climatic 

conditions, ripeness during harvest, post-harvest manipulations, genotype, storage conditions 

after harvest, processing and cooking methods. Most of the phenolics are accumulated in the 

tuber peel, although phenolics are also present in tuber flesh. Phenolics present in potatoes are 

phenolic acids and flavonoids (flavonols, flavanols and anthocyanins). The most common 

representative of phenolic acids in potatoes is chlorogenic acid, the concentration of which 

includes 90% of the total concentration of phenolics (17.3 - 1468.7 mg 100 g-1 dry extract) 

(Mäder et al., 2009;Akyol et al., 2016). In addition to chlorogenic acid, ferulic acid, gallic 

acid, p-coumaric acid, syringic acid, vanillic acid, sinapic acid, and salicylic acid are also 

present in potatoes. Flavonoids affect the taste and color of potatoes. The most common 

flavonoid in potatoes is catechin (0-1.5mg 100 g-1 dry extract) (Mäder et al., 2009; Akyol et 

al., 2016). Quercetin, kaempferol rutinose, rutin and epycatechin are other flavonoids also 

present in potatoes (Akyol et al., 2016; Susarla, 2019). The content of flavonoids in white 

potatoes is higher than 30 mg 100 g-1 fresh weight, while in red and purple potatoes, this 

concentration is doubled due to high concentration of anthocyanins (Akyol et al., 2016). 

 The color of the tubers is affected by the proportion of anthocyanins and carotenoids. 

Purple tubers contain a higher proportion of anthocyanins. Although their peel is pink or red, 

the flesh of the tuber can be yellow or white, depending on the cultivar characteristics. The 

yellow color of the tuber is contributed by the proportion of carotenoids in the 

tuber.Carotenoid content in potatoes vary from 50 to 100 µg 100 g-1 weight in white cultivars, 

while in yellow and orange potato cultivars it is up to 2000 µg 100 g-1 weight.The carotenoids 
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that contribute to yellow potato flesh belong to the group of xanthophylls (Vreugdenhil, 

2007). The most common carotenoids in potatoes are violaxanthin, lutein and lutein 5-6 

epoxide, while zeaxanthin is present in low concentrations. However, zeaxanthin and 

antheraxanthin predominate in tubers with pronounced yellow color of the flesh. 

Violaxanthin, antheraxanthin, lutein and zeaxanthin are dominant in less pronounced yellow 

flesh tubers, while violaxanthin, lutein and β-carotene predominate in creamy flesh-colored 

tubers (Burgos et al., 2012).  

 Potatoes also produce glycoalkaloids, secondary metabolites that are toxic to humans, 

animals, microorganisms, insects and viruses. The most common glycoalkaloids are α-olanine 

and α-chaconine (Sepelev and Galoburda, 2015).These compounds are heat-stable and 

decompose at temperatures between 230 and 280°C and therefore are not removed during 

boiling and frying. The amount of glycoalkaloids in potatoes considered generally recognized 

as safe is 200 mg kg-1 of fresh weight (Bejarano et al., 2000) although total glycoalkaloids 

level in commercial cultivars is in range 2-10 mg kg-1 fresh weight (Vreugdenhil, 2007). 

Many stressors during cultivation, harvesting and storage affect the increase in glycoalkaloids 

concentration. Increased concentration of glycolacoids is first recognized in green and 

inmature tubers. Exposure of tubers to light also affects the increase in concentration of 

glycoalkaloids (Bejarano et al., 2000). 

 

2. Minimally processed potato 
 

 MPFV belong to the youngest group of fruit and vegetable products. According to the 

definition of the IFPA (1999), MPFV are fruits and vegetables physically modified, but still 

fresh or cleaned and 100% usable packaged with high nutritional value, convenience and 

unchanged taste that retains its freshness. In addition to minimally processed apples, 

watermelons, pineapples, lettuce, rocket, radishes and carrots, the presence of MPP on the 

market (Figure 3) has been growing in recent decades. This is supported by the fact that in the 

United States, in period between 1965 and 1995/1998, the time required to prepare meals was 

reduced by 38.6%. Moreover, 64% of men and 35% of women aged 21-64 stated that there 

was no time for food preparation in their household (Jabs and Devine, 2006). On the Croatian 

market, MPP is still represented in small quantities, most often within the food program of 

hotels, restaurants and cafes (HORECA). 
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Figure 3. Examples of MPP from the market (Anonymous 2, 2020; Anonymous 3, 

2020; Anonymous 4, 2020) 

 

Figure 4 shows general technological process of minimally processing of fruits and 

vegetables which also describes minimally processing of potato.  

Processing starts with washing in order to remove soil, pesticide residues and other 

dirt from the surface of tuber. During washing, it is recommended to use 5-10 L of water kg-1 

of potatoes (Rocculi et al., 2009). The water should be cold (below 5 °C) to prevent the 

growth of microorganisms on the line. To make the water microbiologically safe, various 

chemical and physical methods are used to suppress the growth of microorganisms. The use 

of GRAS (Generally Recognized as Safe) disinfectants such as organic acids, ozone, 

hydrogen peroxide (H2O2) is mostly practiced. Convential disinfectants such as chlorine, due 

to the possibility of formation of carcinogenic compounds in contact with organic substances, 

and chlorine dioxide, due to their instability and explosiveness at high concentrations are 

avoided. Further, other disinfectants are being explored such as electrolyzed water and 

trisodium phosphate which could replace the conventional ones (Tapia et al., 2015). 

Washing is followed by peeling, which can be applied in three types: mechanical 

peeling (carborundum drums), chemical peeling (immersion of potatoes in alkaline sodium 
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hydroxide solution (NaOH) or potassium hydroxide (KOH) at high temperatures of 90-100 

°C), and peeling with high pressure steam (Rocculi et al., 2009; Tapia et al., 2015). 

After peeling, the potatoes are cut and chopped. During cutting, it is preferable to use 

knives with a stainless steel blade, but it is also possible to use knives with carbon blades. 

Blades made of stainless steel are more suitable than blades made of carbon since carbon 

blades are brittle. Also, carbon releases iron ions into water causing corrosion of the blades 

(Rocculi et al., 2009). 

Due to peeling, cutting and chopping, it is necessary to rinse the potatoes with water 

of temperature below 5 °C in order to remove surface microorganisms and cellular fluids 

(Rocculi et al., 2009). Due to these actions, even during peeling, the cell walls of potatoes are 

damaged and starch and enzymes such as polyphenol oxidase (PPO) react with O2 and cause a 

browning of the potato surface by transforming phenolic compounds into quinones which are 

converted into melanoids by further chemical reactions (Whitaker and Lee, 1995). It is 

important that the blade of knife or cutter is sharp in order to avoid bruising and similar 

damage on the tuber caused by blunt knives. It is necessary to change the blades of the knives 

with frequent dynamics - every hour (Rocculi et al., 2009).  

To prevent browning of potatoes, ABAs are added to water (Rocculi et al., 2009) what 

will be discussed in more detail in the next chapter. 

After washing, excess surface water on the potatoes is removed by passing the 

potatoes through a centrifuge or drying the potatoes in an air tunnel (Rocculi et al., 2009). 

MPP is packed in appropriate packaging in a separate room, separated from the rest of 

the process and cooled to temperature of 1-2 °C (Rocculi et al., 2009) Packaging will be also 

discussed in more detail in the next chapter. 

After packaging, MPP is stored at temperature of 5 - 10 °C (Rocculi et al., 2009), at 

which the respiration rate decreases (Ghazavi and Houshmand, 2010) and other processes that 

cause a decrease in product quality. 

   The most important characteristics of MPP on the basis of which the customer 

decides whether to buy the product or not is the color and texture of MMP (Barrett et al., 

2010). The MPP must be of bright appearance with flesh color characteristic for the cultivar 

from which it was produced without symptoms of darkening (Tudela and Gil, 2020). 

Therefore, it is important to prevent enzymatic browning of MPP by selecting the optimal 

ABA and packaging (Ahvenainen, 1996; Rocculi et al., 2009;). Also, it is necessary to handle 

the potatoes carefully during harvesting, in order to prevent the appearance of bruises (Kumar 

et al., 2004). The selected potato cultivars and tubers age have a great influence on the color  
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Figure 4. A flow diagram for the production of minimally processed fruits and vegetables 

(Oliveira et al., 2015) 

 

of MPP (Cabezas-Serrano et al., 2009; Silveira et al., 2017). Potato color is most often 

determined by colorimeters or image analysis using a XYZ, RGB or L* a* b* color spaces 

(Rocculi et al., 2009). Parameter L* is a measure of light, expressed in values from 0 (black) 

to 100 (white). The parameter a* is a measure of green (-) to red (+), while b* parameter is a 

measure of blue (-) to yellow (+). Using parameters, a* and b* it is possible to calculate 

values for color tone (H°) and intensity or color saturation (C*) (Calder et al., 2011b; 

Cornacchia et al., 2011). 
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 MPP texture must be firm, slightly moist without symptoms of dehydration (Tudela and 

Gil, 2020). The MPP texture largely changes due to water loss from the product. During 

peeling and cutting of potatoes, the protective periderm is damaged and area through which 

water is lost increases. Due to water loss, a decrease in turgor, disintegration of the cell walls, 

leakage of cell juices and softening of the tissue occur (Rocculi et al., 2009). Endogenous 

enzymes on the cell walls and growth of microorganisms also contribute to tissue softening 

(Rocha et al., 2003). Sometimes MPP tissue hardens, especially in pre-peeled potatoes, due to 

cross-linking cell wall components and suberin accumulation. Hardness of potatoes can be 

avoided if the potatoes are cooked and prepared for consumption a few hours after peeling 

(Rocculi et al., 2009). The change in texture is influenced by the length of storage, the 

application of ABA and the type of packaging (Rocculi et al., 2009; Calder et al., 2011a; Rizo 

et al., 2018). The results of Rizzo et al. (2018) indicate that the firmness of MPP samples 

packaged in sous vide type packaging and treated with rosemary oil decreases over time. In a 

study by Rocha et al. (2003), the firmness of the MPP samples packaged in vacuum decreased 

after the first day of storage and after that, during 6 day of storage, remained constant. ABA 

agents that are prone to water absorption such as calcium chloride have the effect of 

increasing the firmness of potatoes (Rocculi et al., 2009). Acids used as ABA agents dissolve 

and redistribute calcium and magnesium in potato tissue which are responsible for the 

crosslinking of cell wall pectin which makes the tissue softer (Calder et al., 2011a). 

Because of the slightly acidic pH (5.8 - 6), high humidity and large cut surface, MPP is an 

ideal substrate for the growth of bacteria, yeasts and moulds (Ahvenainen, 1996). Raw 

potatoes come into contact with microorganisms even when the potatoes are in the soil. 

During minimal processing, due to the exposure of the raw material to air, water, dirty 

surfaces and insufficient hygiene of the workers, the product can be additionally contaminated 

(Rocculi et al., 2009). Therefore, it is extremely important to adhere to the principles of 

HACCP (Hazard Analysis and Critical Control Point) and good manufacturing practices 

during production of MPP (Ahvenainen, 1996). Pectinolytic microorganisms of the genera 

Pseudomonas, Enterobacter and microorganism Clostridium butiricum that soften MPP tissue 

begin the process of spoilage of MPP. Microorganisms that cause food spoilage are often in 

competition with pathogenic microorganisms in terms of O2, space, carbohydrates and other 

nutrients and they can prevent their growth to dangerous limits (Gorris and Peppelenbos, 

1992). Lund (1968) studied the presence of microorganisms on washed and peeled potato 

prior to sulfite treatment before and after storage at 6 and 23 °C. Microorganisms such as 

gram-positive cocci, gram-positive rods (coryneform and bacilli), fluorescent pseuodomonas, 
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nonfluorescent oxidative organisms and Enterobacter – Hafnia sp., were isolated before 

storage, while after storage, Enterobacter - Hafnia sp. and Erwinia herbicola were 

predominant culture. Suppressing the growth of bacteria can be influenced by optimal 

packaging and storage of products at lower temperatures (< 5°C). However, even when MPP 

are stored at lower temperatures, psychrophilic pathogens bacteria such as Listeria 

monocytogenes, Yersinia enterocolitica, Salmonella spp. and A. hydrophila can survive 

(Ahvenainen, 1996). If anaerobic conditions are created within the MPP package, there will 

be an increase in anaerobic microorganisms such as Clostridium botulinum, Listeria 

monocytogenes, Bacillus cereus, Salmonella typhimurium and Staphilococcus aureus 

(Rocculi et al., 2009).Table 1 reports on microorganisms present on MPP during various 

minimall processing actions. 

 MPP is a food prone to changes in texture, color, odor and taste, as well as microbiological 

spoilage during storage, what leads to its short shelf-life. The shelf-life of the MPP and its 

quality and safety are affected by the selection of the appropriate potato cultivar, type of 

ABA, packaging material and method, disinfectants during the production process, and MPP 

storage temperature as well as tubers age. 

Given the tendency to change sensory properties as well as rapid spoilage, the shelf-life of 

MPP is usually up to 7 days (Laurila et al., 1998; Rocculi et al., 2009). 

 

Table 1. Microflora of MPP during various minimall processing actions (Rocculi et al., 2009) 

 

Process Storage 

temperature 

(°C) 

APCb 

(log CFU) 

Microflora isolated Reference 

P, C, Da 4, 7, 10 4,0 cm-2 Bacillus cereus, Enterobacter 

cloacae, Hafnia alvei, Klebsiella 

oxytoca, Pseudomonas 

fluorescens, Staphylococcus 

aureus, coliforms 

Giannuzzi and 

Zaritzky, 1990 

P, C 25 6,2 Staphylococcus aureus, 

coliforms 

Bryan et al., 

1992 

P 4 5,0 psychrotrophs, Rhodotorula, 

Alternaria, Penicillum, 

Aspergillus, Cladosporium 

Giannuzzi and 

Zaritzky, 1993 

aP, hand peeled C, cut; D, dipped;  
b APC, aerobic plate count in log CFU g -1 raw potatoes 

 

 

 



Chapter 1-Theoretical background 

15 | P a g e  

 

2.1. Influence of cultivar and potato aging on its physical, chemical and 

sensory properties 

 

 Proper selection of potato cultivar is one of the key factors in MPP production. Potatoes 

for the production of MPP must have uniform shape and size without defects and good 

organoleptic properties (texture, taste, odor and color). It is desirable that cultivar is suitable 

for longer storage periods and to be resistant to disease, mechanical tissue damage, elevated 

CO2 content and low O2 content as well as low respiration rate (Rocculi et al., 2009). 

 Also, it is necessary that the potatoes have a certain chemical composition or content of 

dry matter, reducing sugars, starch and phenolics. For this type of product, it is desirable to 

use potatoes that are less prone to enzymatic browning, i.e. potatoes that contain lower 

content of phenolics and have lower PPO enzyme activity, but higher antioxidant activity and 

higher content of sugars (Cabezas-Serrano et al., 2009). Some authors claim that the tendency 

to brown is affected by the concentration of amino acids (tyrosine, glutamine acid, asparagine 

and aspartic acid), the concentration of the chlorogenic acid and the activity of PPO (Sapers et 

al., 1989; Thybo et al., 2006).  

 Previous research has shown that the potential cultivars for MPP are (greater towards 

less sensitivity to browning) Monalisa>Spunta>Liseta> Cara> Agria (Cantos et al., 2002) and 

Marabel> Agata> Agria> Vivaldi>Almera (Cabezas-Serrano et al., 2009). Cornacchia et al. 

(2011) investigated the cultivars Safrane, Ariana, Liseta and Spunta. Cultivars Safrane, Ariana 

and Liseta cultivars proved to be suitable cultivars for the production of MPP because the 

color of the MPP was satisfactory, while cv. Spunta proved to be the least suitable. Silveria et 

al. (2017) investigated the influence of genotype, tubers storage time and cut type of cultivars 

Bruja, Michuñe roja, Michuñe azul and Asterix. Although all four cultivars proved to be 

acceptable for minimal processing, Bruja and Michuñe roja showed increased metabolic 

activity and tendency to browning and microbiological spoilage (Figure 5). Ierna et al. (2016) 

investigated the suitability of early potato cultivars for minimal processing by studying the 

physical, chemical and sensory properties of MPP after 9 days of storage at 4 °C. Cultivars 

Arinda, Marabel, Matador and Spunta showed to be the most suitable, which was not the case 

with the cultivars Antea and Ditta which manifested as unsuitable for minimal processing. 

Thybo et al. (2006) investigated the color change, sensory properties, and profile of aromatic 

compounds of the Marabel, Berber, Arkula, Agria, Folva, and Sava cultivars. During this 

research, cv. Agria and Folva proved to be more suitable for minimal processing, while cv. 
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Marabel, Berber and Sava did not give satisfactory results. Bobo-García et al. (2020) stated 

that cv. Agria, Marabel, Arinda or Marable are the most resistant to browning after minimal 

processing. 

 

 

 

Figure 5. Asterix (A) Michuñe roja (B) Michuñe azul (C) and Bruja (D) chips produced 

with raw material stored for 2 months. Asterix (E) Michuñe roja (F) Michuñe azul (G) and 

Bruja (H) chips produced with raw material stored for 4 months (Silveira et al., 2017). 

 

 In the storage house, potatoes can be stored in bulk or in wooden boxes. After receiving, 

the potatoes are subjected to postharvest curring treatment. During this period, the potatoes 

are stored at 15 °C for 14 days and ventilated to allow healing damaged parts on the tubers 

and keep the potatoes in a dormant phase which is needed for longer storage.Curing tretament 

(approximately 10 days at 16°C immediatelly after harvest) improves color and sensory 

properties of MPP (Figure 6), increases the concentration of phenolic compounds such as 

chlorogenic acids, increases PPO activity and lowers phenylalanine ammonia lyase (PAL) 

activity (Wang et al., 2015). After the curing period, the storage temperature is lowered by 0.5 

°C every day until optimal storage conditions (temperature, relative humidity, gas 

composition) are achieved for long-term storage. These actions are necessary to keep the 

potatoes in the dormancy phase and prevent the potatoes from sprouting, and to avoid stress 

on potatoes during storage. Namely, sprouting and stress increase the content of reducing 

sugars in potatoes, and reduce the starch content, i.e. dry matter, and therby the quality of 

potatoes. Table potatoes are usually stored at 3 °C, while industrial potatoes are stored at 6-10 
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°C (Vreugdenhil, 2007) with a relative humidity of more than 95% (Wustman and Struik, 

2007). During storage, the tubers lose weight due to respiration as they consume starch to 

obtain energy. Also, tubers lose weight due to transpiration (water loss) (Wustman and Struik, 

2007). Silveira et al. (2017) studied the influence of tubers storage time (2 and 4 months at 

12°C and 90% relative humidity) of cv. Bruja, Michuñe roja and Michuñe azul on suitability 

for MPP. MPP which was produced from potato stored for 2 months exhibited 1 to 2.5-fold 

higher respiration rate than MPP produced from potatoes stored for 4 months, probably 

because potato was still in stress because of harvest. Dry matter decreased after four months 

of storage.  

 The content of reducing sugars during storage increases due to conversion of starch into 

sugars, which is especially pronounced if the potatoes are stored at lower temperatures 

(bellow cca 9°C) (Kaul et al., 2010; Ellis et al., 2019). This phenomenon is called „low 

temperature sweetening“ and it can cause a darker color, bitterness and contribute to the 

formation of acrylamide in fried products (Kumar et. al., 2004).   

 During storage, potatoes should be treated with anti-sprouting agents. It is important to 

prevent sprouting since active transpiration is present on the surface of the sprout and potato 

loses weight, firmness and gradually shrinks (Rotim, 2010). Moreover, starch is converted 

into reducing sugars during sprouting in order to provide enough food for the tuber and 

thereby enabling it to form a new plant. 

 Potato storage also affects the sensory quality and the aroma composition of MPP. 

Since the dry matter content decreases during storage, it is likely that MPP produced from 

potato tubers that have been in storage for a longer period cannot be used for frying due to 

excessive oil absorption (Silveira et al., 2017). Except dry matter, pH also decreases during 

storage, while reducing sugars increase (Jansky, 2010). The content of free amino acids in 

potatoes is also affected by the storage temperature. If the potatoes are stored at temperature 

of 10 °C, after 25 days the content of glutamine and asparagine increases. These free amino 

acids contribute to the development of the characteristic taste of potatoes. During storage, the 

level of total fatty acids increases which affects the concentration of volatile components of 

the flavor of baked potatoes since by boiling fatty acids degrade into aldehydes and ketones 

which contribute to the taste of boiled potato (Vreugdenhil, 2007; Jansky, 2010). By improper 

storage of potatoes, the content of glycoalkaloids in potatoes increases, which contributes to 

the bitter taste (Vreugdenhil, 2007). 
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Figure 6. The effect of postharvest curing treatment temperature on potato flesh browning. 

Curing - Fresh cut slices 12 days after cut which were influenced by curing (stored at 16 °C 

for 10 days then used for fresh cut, CK - potato stored at 3°C for 10 days and then used for 

fresh cut, without curing treatment. Picture was taken 12 days after cut (Wang et al., 2015) 

 

2.2. Browning reactions and anti-browning agents 

 

 Enzymatic browning has the greatest impact on MPP quality. The first step that 

contributes to the development of enzymatic browning is damage of the plant's tissue 

membrane. After tissue damage or senescence, plant cells begin to decay and a complex of 

enzymes such as PPO and/or phenol peroxidase and O2 is formed. Such complex in the 

reaction with phenolic substrates (phenolics, catechins) transforms phenolics into o-quinones. 

PPO enzyme belongs to the oxidoreductase family and catalyzes two different types of 

reactions, ortho-hydroxylation of monophenolics producing o-diphenols and oxidation of o-

diphenols, producing o-quinones (Figure 7).  The formation of o-quinone compounds is a 

reversible reaction in the presence of reducing agents, however they are very reactive 

molecules. They have the ability to condense rapidly and to enter into non-enzymatic 

reactions with groups of amino or sulfhydryl proteins and sugars resulting in the formation of 

red, brown or black polymers of high molecular weight and unknown structure called 

melanoidins. The intensity of melanoidins color is conditioned by different forms of quinone. 

The above mentioned non-enzymatic polymerization reactions, which is included in the 
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Maillard’s reactions, are irreversible. The oxidation products of phenolic compounds can 

interact with proteins via covalent condensation. These reactions can lead to structural, 

functional and nutritional changes of proteins due to reaction of quinones with -SH and -NH 

amino acid groups. Proteins which contain phenolic tyrosine groups or are attached to a 

phenolic acid through a pseudo-peptide link are also a subject to modifications and can act as 

substrates for PPO (Bobo-García et al., 2020). 

 

 

 

Figure 7. Schema of PPO reaction of enzymatic browning (Bobo-García et al., 2020) 

 

 Enzymatic browning can be prevented in several ways: by inhibiting the enzyme that 

catalyzes the enzymatic reaction, by removing the substrate from the reactions (phenolics or 

O2), or by reacting with intermediates to prevent the formation of colored pigments (Bobo- 

García et al., 2020). Treatment with ABA efficiently prevents the enzymatic browning of 

potatoes. The described enzymatic reactions may be inhibited by ABA by reducing quinones 

to phenolics, lowering the pH which is optimal for the activity of the enzyme or having 

chelating properties that bind metal ions from the enzyme and thus inhibit them (Bobo- 

García et al., 2020). ABA should be inexpensive, easily accessible and they must not affect 

the sensory properties of the product. It is desirable that they have antimicrobial activity at the 

same time (Wang et al., 2015). Also, the duration of treatment and the concentration should 

be well assessed. After treatment with ABA and before packaging, MPP should be dried so 

that excess water on the potatoes would not cause microbial spoilage inside the package 

(Rocculi et al., 2009). 

Well researched ABAs are citric and ascorbic acid. Citric acid is an acidulant and cooper 

chelating agent and is therefore often used in combination with another agent, while ascorbic 
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acid is an acidulant, quinone reducer, cooper chelating agent and a competitive inhibitor in 

enzymatic oxidation (Bobo-García et al., 2020). Ierna et al. (2016) concluded that 2% of citric 

acid + 2% of ascorbic acid have a positive effect on sensory, physical and chemical properties 

of MPP. Calder et al. (2011a; 2011b) examined the effect of sodium acid sulfate, citric acid, 

ascorbic acid, catechin and NatureSeal and found that the application of 3% sodium acid 

sulfate better prevents browning and hardening of the product and lowers PPO activity more 

effectively when compared to other ABA. Also, effective reducing agents are cysteine 

derivatives such as N–acetyl-L-cysteine and reduced glutathione which can be a good 

alternative to sodium sulfite (Bobo-García et al., 2020). Sulfites are less commonly used 

today due to the knowledge that they can cause bronchial asthma (Peroni and Boner, 

1995).Cacacae et al. (2002) found a better efficacy of 5% erythrobic acid (isoascorbic acid) in 

combination with 1% citric acid in preventing browning and preserving sensory properties in 

comparison with the use of 1% N-acetyl-L-cysteine and 1% diethylene triamino pentaacetic 

acid. This can be supported by applying passive and active MA. Calcium chloride can also be 

used as an ABA. In addition to preventing browning, it also prevents softening of MPP during 

storage (Limbo and Piergiovanni, 2006). 

  Some other ABA compounds studied, such as 4-hexylresorcinol acts as an enzyme 

inhibitor (Bobo-García et al., 2020). Mattila et al., (1995) researched anti-browning properties 

of citric acid, ascorbic acid, calcium chloride, potassium sorbate, sodium benzoate and 4-

hexylresorcinol alone and in combinations when applied on MPP stored at 5 °C. They 

concluded that 4-hexylresorcinol is more effective in combination with citric acid than when 

it was applied as a separate agent.  Phosphates, polysaccharides 

andethylenediaminetetraacetic acid (EDTA) commonly have been combined with other 

substancesand used as ABA (Bobo-García et al., 2020). 

  Natural extracts are also effective in preventing browning. Some of these substances are 

green tea extract, garlic extract, Capsicum sp. (chili pepper) extract, Citrus sp. (lemon) 

extract, Beta vulgaris (Red beet) extract, heated onion extract, mate extract, rosemary and 

onion esential oils, and rice bran. Extract obtained from pineapple rind is effective on potato 

puree. Phenolic acids such as benzoic acid, amino acids (glycine, valine, 

methionine,phenylalanine) and products of the Maillard’s reactions can also be effective ABA 

(Bobo- García et al., 2020) same as γ-aminobutyric acid (Gao et al., 2018),Chinese plant 

extract Portulaca oleracea L. (Liu et al., 2019) and cod skin peptides (Liu et al., 2018). 
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2.3. Packaging 

 

 The successful preservation of the quality and safety of MPP is influenced by the 

packaging material and the composition of the atmosphere inside the package. The 

composition of the packaging material as well as the packaging atmosphere affect the 

maintenance of low O2 levels in the package, which inhibits the enzymatic browning reaction 

(Bobo-García et al., 2020). MPP is most often packaged in polymeric packaging materials 

such as polyamide (PA), polyethylene (PE) (Laurila et al., 1998; Rocha et al., 2003; Ierna et 

al., 2016), ethylene/vinyl acetate (EVAC), low density polyethylene (LDPE), polystyrene 

(PS), oriented polypropylene (OPP) and cellulose acetate (Gorris and Peppelenbos, 1992). 

These polymeric materials are most often combined in multilayer polymer packaging in order 

to make better use of and complement their properties. (Ahvenainen, 1996). The impact of the 

packaging material is significant on the shelf-life of the packaged product. Shakouri et al. 

(2014) investigated the impact of the transparent biaxially oriented polypropylene (BOPP) 

laminate; semitransparent BOPP; polyamide/polyethylene (PA/PE) laminate on the quality of 

microwave-dried potato cubes that have been blanched or steamed and packaged in vacuum, 

N2 and natural atmosphere. Samples packed in PA/PE laminate and in vacuum were best 

preserved and there was minimal loss of ascorbic acid and minimal shrinkage of the sample. 

Hai-yuan et al. (2009) have peeled and sliced potatoes, treated them with 1% citric acid 

solution and placed them in plastic trays covered with PE, polyvinylidene chloride (PVDC) 

and polyethylene-polypropylene (PE/PP) film. Samples were then stored at 5 ℃ for 8 days. 

They concluded that PE/PP packaging can best preserve product quality. Lim et al. (2005) 

packaged the MPP samples in LDPE, PP, anti-fogging film and perforated film and concluded 

that the samples packaged in PP with 10% CO2 and 5% O2 showed the lowest weight loss and 

the lowest browning during storage. 

 The composition of the atmosphere inside the package depends on the permeability of 

packaging material, respiration of the potatoes and packaging type. At 2 ºC, unprocessed 

potatoes have a respiration rate of 1.22 mL CO2 kg-1h-1, while peeled and sliced potatoes 2.55 

to 6.1 mL CO2 kg-1h-1 (Rocculi et al., 2009). Higher respiration rate contributes to faster 

product spoilage. After packaging, during respiration potatoes consume O2 from the 

atmosphere in which they are packaged and produce CO2 (Figure 8) and H2O (Beltrán et al., 

2005). Hence, it is important that the packaging is permeable to exchange gases (O2 entry and 
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CO2 exit) from the package until the composition of the gases in the package becomes optimal 

and steady state (Figure 9) is reached. If MPP is packaged in material that is poorly permeable 

to gas exchange, there is a risk of creating anaerobic conditions due to O2 consumption and 

CO2 accumulation and the development of unpleasant odors and food spoilage (Gorris and 

Peppelenbos, 1992). Since insufficient permeability of packaging is a common problem in the 

food industry, for the specific food products, perforations (Ščetar et al., 2010) or micro-holes 

are applied on packaging materials (Ahvenainen, 1996). Furthermore, the packaging should 

be permeable to water vapor due to transpiration of potatoes and the accumulation of moisture 

during changes in storage temperature, which favors the development of microorganisms that 

cause spoilage. Packaging must also ensure optimal ethylene permeability (Gorris and 

Peppelenbos, 1992).  

 

Figure 8. O2 (________) and CO2 (………..) level during 14 days of storage of minimally 

processed Monalisa potatoes at 4 °C in low-density polyethylene film (Beltrán et al., 

2005) 

The most common packaging method in the production of MPFV is passive and active 

MAP as well as vacuum packaging (VP). The composition of gases in passive MA depends 

on the respiration of the product itself and the permeability of the material in which the 

product is packaged. Active modification of the atmosphere is achieved by evacuating the 

existing air from the packaging with a vacuum and replacing it with the desired gas 

composition or by adding substances that bind O2, CO2, ethylene or water vapor (Vujković et 

al., 2007). For fruits and vegetables storage, the optimal proportion of O2 and CO2 in the 
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package is 3-5%, while the proportion of nitrogen is 85-95% (Ahvenainen, 1996; Vujković et 

al., 2007). Cacacae et al. (2002) noted that MA (0.5% O2, 95.5% N2) in combination with 

ABA can preserve product quality.  

 

 

Figure 9. Scheme of gas exchange during the application of packaging in a modified 

atmosphere (Belay et al., 2016). 

 

 In the case of VP, all air is evacuated from the package and then the package is filled 

with the product and sealed inside the vacuum chamber. Air can also be evacuated by vacuum 

nozzles after the packaging is formed and the product is filled but before the packaging is 

sealed (Vujković et al., 2007). In the case of VP, it is necessary to choose an optimal material 

to avoid the accumulation of CO2 during respiration of potatoes and creation anaerobic 

conditions which lead to undesirable odors, food spoilage and growth of pathogen bacteria 

such as Clostridium botulinum. To prevent this, the O2 content of the package should not fall 

below 1% (Farber et al., 2003). Moderate (partial) VP is condition in which the product in the 

packaging is surrounded by air, but under low partial pressure (10 – 100 mBar) which slows 

down the respiration of the packaged product and the growth of microorganisms (Gorris and 

Peppelenbos, 1992; Embleni, 2013). 

 Montouto-Graña et al. (2012) observed that customers prefer to buy potatoes packaged 

in vacuum (cv. Kennebec) over potatoes packaged in MA (100% N2). Rocha et al. (2003) 

reported that the vacuum-packaged Desiré potatoes were successfully preserved for one week. 

Beltrán et al. (2005) concluded that vacuum-packaged potato samples were better preserved 

from microbiological spoilage and retained the appropriate texture and aroma than samples in 

MAP. Pineli et al. (2005) also investigated the impact of MAP (10% CO2, 2% O2, 88% N2 
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and 5% CO2, 5% O2, 90% N2) and partial vacuum on the durability and quality of MPP and 

concluded that samples packaged in partial vacuum were better preserved than in the MAP. 

Samples packaged in MAP browned faster and they became harder as they dehydrated more. 

Also, their total soluble matter increased and their acidity decreased. MPP packaged inVP or 

MAP have a shelf-life of 5-7 days if they are stored at temperature of 4-5 °C (Rocha et al., 

2003; Ierna et al., 2016). 

 Edible coatings and films that are coated over the product have been intensively 

researched and developed. Edible coatings most commonly consist of protein, carbohydrates 

(starch and starch derivatives, cellulose derivatives such as carboxymethyl cellulose, chitosan, 

pectin, alginate, etc.) and lipids (Ščetar et al., 2010). They are able to reduce moisture loss, O2 

supply, slow down respiration and ethylene production, and maintain the presence of volatile 

aromas (Ahvenainen, 1996). It is possible to incorporate substances that have antimicrobial 

properties such as organic acids, fatty acid esters, polypeptides, vegetable oils, nitrites, sulfites 

and biological active substances in form of e.g. phenolic plant extracts into the composition of 

edible coatings and films (Ahvenainen, 1996; Ščetar et al., 2010, Kurek et al., 2021). 

 

3. Influence of thermal treatment on physical, chemical and sensory 

properties of minimally processed potato 

 

 Potatoes should be cooked (i.e. boiled, steamed, fried or baked) before consumption in 

order to certain individual components become easier to digest. Thus, properly applied high 

temperature, leads to the desirable physical, chemical and sensory changes in potato. 

 During cooking, undesirable microorganisms and anti-nutritional factors are eliminated, 

and certain compounds are created that contribute to the sensory properties like flavor, taste 

and color of cooked food as well as texture, such as crispiness and softness. Besides desirable 

characteristics, cooking has also some negative impacts on the food. During cooking, some 

nutrients are partially lost and, in some cases, mutagenic and potentially carcinogenic 

compounds could be formed. 

 Mutagenic compounds which belong to the group of PAHs partialy could derived from 

raw potato but also high temeperature of cooking could increase its presence in e.g. fried 

potato. Further, during frying acrylamide, potentially carcinogenic compond to humans, as 

by-products of Maillard’s reactions, could be formed (Bansal and Kim, 2015; Gökman, 2016; 

Tian et al., 2016). 
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 Texture is one of the most important sensory characteristics of any food. During heat 

treatment of MPP, the texture changes are affected by the properties such as dry matter 

content, specific gravity, amylose, sugars, protein, and nitrogen content in tubers. In order to 

be able to assess well which potatoes are suitable for cooking and which for frying, it is 

important to pay attention to properties such as tubers mealiness and waxyness (Jansky, 

2010). 

 Mealiness is associated with high dry matter content and such potatoes are dry and 

granular. In addition to the high proportion of dry matter, the size and structure of starch 

grains also contribute to the mealiness. During cooking, starch gelatinizes, which creates 

pressure on the cell walls of potatoes, as a result of which they expand and burst. Cells in 

which gelatinized starch has been retained contribute to mealiness structure. Cells that burst 

and absorb water contribute to the development of waxyness. When chewing, the bound water 

is released and therefore the waxy texture contributes to the feeling of moisture in the mouth. 

On the other hand, gelatinized starch retains water which contribute the feeling of dryness in 

the mouth during chewing. Potatoes, which have larger cells and contain more starch, most 

often exhibit mealiness structure. In addition to the above, mealiness can also contribute to the 

thicker cell walls and middle lamellae, stronger pectic substances and cell cohesiveness and 

adhesiveness. Foods like chips need to have a crispy texture. Gelatinization and dehydration 

of starch during heating and softening of middle lamella contribute to crunchiness. 

Crunchiness is also affected by non-starch polysaccharides, lignin and proteins (Jansky, 

2010). 

 Texture changes are also influenced by enzymatic and non-enzymatic degradation of 

pectin. During heat treatment, at temperature of 50-80 °C, pectin methyl esterase is activated 

and catalyzes the decomposition of pectin into demethylated pectin chains, which contributes 

to the softening of the texture. In addition to pectin methyl esterase, polygalacturonase also 

contributes to the disintegration of the cell walls and pectin (García-Segovia et al., 2008). 

 Cooking can affect color change in food, especially during frying and baking (Dourado 

et al., 2019). During processing of potatoes, the content of sugars decreases. As a result of 

boiling, the cell walls disintegrate and sugars are more easily extracted and dissolved in the 

water in which the potatoes are boiled (Pedreschi et al., 2009; Zhang et al., 2018). During 

frying and baking, the content of sugars decreases due to interaction of sugars with amino 

acids and compounds that cause dark color and specific odor and taste of fried or baked 

potatoes are formed (Halford et al., 2011; Dourado et al.,2019). 
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 The aroma of potatoes develops only when potatoes are disintegrated (peeled, cut) or 

cooked. Due to lipid degradation, degradation of sugars, and Maillard’s reactions, aroma-

forming compounds develop during heat treatment of potatoes (Duckham et al., 2001; Oruna-

Concha et al., 2001). Volatile, semi-volatile or non-volatile substances are responsible for the 

aroma of cooked potatoes, while the taste of cooked potatoes is defined by non-volatile 

substances (Bough et al., 2020). 

 During boiling of potatoes, there is no loss of water and the food is quickly heated 

evenly, but the tubers temperature never exceeds 100 °C (Jansky, 2010). Ribonucleotides 

contribute the most to the taste of boiled potatoes. Ribonucleotides are flavor enhancers and 

are responsible for umami flavor in food. In the initial boiling phase, at 50 °C, nucleases are 

activated that decompose ribonucleic acid (RNA) molecules and increase the concentration of 

5´ribonucleotides such as inosine 5´monophosphate and guanosine monophosphate (GMP). 5´ 

ribonucleotides interact with amino acids such as glutamate and thus create the taste of boiled 

potatoes. Sugars in the form of glutamate glycoconjugates and potassium salts also contribute 

to the taste of umami (Jansky, 2010). 

 According to Bough et al. (2020) the most important components of the aroma of boiled 

potatoes are aldehydes and ketones from lipid degradation, pyrazines from Maillard’s 

reactions, aldehydes from Strecker amino acid degradation and metabolite products of sugars 

degradation reactions. The products of lipid degradation are more numerous in boiled than in 

fried potatoes and are formed as a result of enzymatic reaction catalyzed by lipoxygenase. 

Degradation of fatty acids produces aldehydes and ketones that contribute to the development 

of fatty, fruity and floral notes (Duckham et al., 2002). The product of lipid oxidation c4-

heptanal contributes to the development of earthy aroma. Other compounds that contribute to 

the development of aroma are methional, a compound formed in Strecker degradation 

reactions and methyoxypyrazines, which are also present in raw potatoes, etc. (Jansky, 2010). 

 During frying or baking, by Maillard’s reactions which involve sugars, amino acids, 

RNA, and lipids, flavoring products are formed. Sugars such as glucose, fructose and sucrose 

give sweetness to potatoes which is desirable during the consumption of baked potatoes. 

Frying oil also contributes to the specific taste of fried or baked potatoes (Jansky, 2010). 

 During frying at high temperature, volatile compounds such as lipid degradation 

products, products of Maillard’s reactions, sulfur compounds and methoxypyrazines (2–

isobutyl-3-methoxypyrazine, 2-isopropyl-3-methoxypyrazine) as the most important 

component of the aroma of baked potatoes, are developed. Sugars and amino acids are also 

important for the development of the aroma of fried potatoes. The flavor of fried potatoes is 



Chapter 1-Theoretical background 

27 | P a g e  

 

also affected by the oxidation products of the fatty acids in the frying oil. During baking, the 

potatoes are heated on the surface and water evaporates from the surface. Afterwards, the 

temperature from the surface spreads towards the inside of the potatoes and crispiness is 

created. The flavor of baked potatoes is also crated by contribution of β-damascenone, 

dimethyl trisulfide, decanal and 3-methylbutanal (Duckham et al., 2001; Oruna-Concha et al., 

2001).  

 Heat treatment of potatoes also affects the nutritional composition and level of bioactive 

components in potatoes. During boiling, the concentration of minerals such as potassium, 

phosphorus and magnesium decreases, while during frying and baking their concentration 

remains almost unchanged. Iron and zinc concentrations also remain unchanged even during 

boiling most likely due to their firm binding to macromolecules in potatoes.  

 Further, during heat-treatment the concentration of water soluble and thermally unstable 

vitamin C expectedly decreases.  Its reduction depends on the temperature and cooking time 

and it can vary from 10 to even 80% (Tian et al., 2016). 

 Contrary, during cooking (roasting, shallow frying, deep-fat frying) concentration of 

proteins is increased due to water evaporation and dry matter increase.The content of proteins 

in Latvian potatoes during different heat treatments increased from 1.55 ± 0.04 g 100 g-1 in 

raw potatoes to 2.46 ± 0.10, 2.61 ± 0.13 and 4.27 ± 0.08 g 100 g-1in roasted, shallow-fried and 

deep-fat fried potatoes, respectively. Significant increases in aspartic acid, valine, methionine, 

isoleucine, tyrosine, phenylalanine, histidine, lysine and arginine concentration were also 

observed (Murniece et al., 2011). Also, during cooking, proteins denature and become easier 

to digest and the risk of causing allergies is reduced.  

 Although most scientific papers reported the decrease of carotenoids during heat 

treatment of potatoes, carotenoids can interact with proteins during cooking, what can 

contribute to its beter preservation (Tian et al., 2016). 

 In addition to proteins, the concentration of dietary fiber also increases during cooking. 

Murniece et al. (2011) found that after shallow frying (150 ± 5 °C), deep-fat frying (180 ± 5 

°C) and roasting (210 ± 5 °C) the content of dietary fiber in all investigated potato cultivars 

increased significantly in comparison with the content of dietary fiber in raw potato (0.56-

0.82 g 100g-1 FW). 

 The concentration of phenolic compounds also changes during cooking. According to 

Faller and Fialho (2009) the content of phenolics in peeled tubers after boiling, steaming and 

microwaving increased by 81.4, 22.8 and 80.81%, respectively. Blessington et al. (2010) 

found that the content of phenolics increased for 36.36, 46.12, and 47.48% after baking, 
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frying and microwaving, respectively. The increase in phenolics content occurs due to rupture 

of cell walls and break of the bonds between the bound phenolics and dietary fiber, which 

allows better extraction of phenolics from the cell matrix. Furthermore, PPO is inactivated 

during heat treatment and phenolics do not decrease due to oxidation and polymerization 

reactions (Tian et al., 2016). During frying and baking, dry matter content increases, which 

also affects the increase in phenolics content. 

 In contrast, Lemos et al. (2015) stated that the content of phenolics in raw potatoes were 

209 mg GAE 100 g-1 (fresh weight), while in baked potatoes it was 38.1 mg GAE 100 g-1, in 

boiled potatoes 137.6 mg GAE 100 g-1, in microwaved potatoes 74.0 mg GAE 100 g-1 and in 

steamed potatoes 130.4 mg GAE 100 g-1. The content of phenolics in heat-treated samples can 

decrease by solubility of phenolics in water and their degradation by increased temperature, or 

participation of phenolics in Maillad’s reactions (Tian et al., 2016). Changes in the chemical 

composition of raw and heat-treated potatoes are shown in Table 2. 

Table 2. Chemical composition of raw and cooked potato (g 100 g-1) (Vreugdenhil, 2007) 

 
 Dry matter Protein Starch Sugars Fat Dietary 

fibre 

Uncookeda (flesh 

only) 

 

21.0 2.1 16.6 0.6 0.2 1.3 

Boiled (flesh only) 

 

19.7 1.8 16.3 0.7 0.1 1.2 

Baked (without skin) 

 

21.1 2.2 17.3 0.7 0.1 1.4 

Roast (in corn oil) 

 

35.3 2.9 25.3 0.6 4.5 1.8 

Chipped (in blended 

oil) 

46.5 3.9 29.5 0.6 6.7 2.2 

a Four varieties sampled over 2 years. 

 During frying and baking of potato, undesirable, potentially carcinogenic compounds 

such as acrylamide and PAHs are formed. Although the chemical route of acrylamide 

formation has not yet been fully elucidated, it is known that it is a compound formed as the 

product of interaction of reducing sugars (glucose and fructose) and amino acid asparagine in 

Maillard’s reactions during frying or roasting of potatoes at temperature above 120 °C (Figure 

10) (Medeiros Vinci et al., 2012). Based on animal research, the International Agency for 

Research on Tumors has classified acrylamide into group 2A (possibly carcinogenic to 

humans) (Gökman, 2016). Namely, it was discovered that the intake of acrylamide in animals 

produces carcinogenic, genotoxic and neurotoxic metabolites such as glycidamide, which has 

an adverse effect on animal reproduction (EFSA, 2015; Badanjak Sabolović and Rimac 
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Brnčić, 2016). According to EC (2017), the reference value of acrylamide content in fried 

potatoes is 750 µg kg-1. The acrylamide content can be reduced by the use of potato cultivars 

with lower content of sugars (glucose, fructose) and asparagine, as well as by the use of tubers 

that are not bruised and damaged (EC, 2017). Amrein et al. (2003) stated cv. Lady Claire, 

Lady Rosetta, Hermes, Markies, Marlene, Panda, Saturn, Erntestolz as the cultivars with 

reduced content of sugars. In addition to the cultivar’s selection, the proportion of acrylamide 

can be influenced by the use of good agrotechnical and storage measures (storage temperature 

above 6 °C, control of relative humidity and use of anti-sprouting agents) (EC, 2017). 

Acrylamide content is also affected by peeling of potatoes, thickness of slices, treatment of 

slices with asparaginase enzyme, immersion of potato slices in salt solution (NaCl), treatment 

with antioxidants (green tea extract, oregano and cinnamon) and amino acids (e.g. glycine) 

(Sabolović and Rimac Brnčić, 2016; FoodDrink Europe, 2019). Also, several researches 

confirm that phenolics contribute to reduced levels of acrylamide in fried potatoes (Zhu et al., 

2010; Kalita et al., 2013). 

 

Figure 10. Hypothesis of the formation of acrylamide from asparagine in the presence of 

reducing sugars (Blank et al., 2005) 

PAHs are a group of contaminants that are absorbed into food from the environment (soil, 

air and water) (Figure 11) or formed during thermal processing of food due to incomplete 

combustion of organic matter (Bansal and Kim, 2015; Singh et al., 2016). In their chemical 

structure, they possess 2 or more organic rings composed of carbon and hydrogen. 

Compounds having 2-4 rings are classified as light fractions while compounds containing 

more than 4 rings are classified as heavy fractions (Singh et al., 2016). The light fractions of 

Asparagin

e 

Reducing sugars N-glycosyl asparagin 

Shiff base 

Acrylamide Amino ketone 
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PAHs cause systemic toxic effects, while heavy fractions of PAHs are genotoxic and 

mutagenic (Hanedar et al., 2014). The accumulation of PAHs in fried potatoes is influenced 

by raw material (cultivar properties, growth conditions and post-harvest processing), frying 

oil and frying itself (Samsøe-Petersen et al., 2002; Wennrich et al., 2002; Zhong and Wang, 

2002; Abou-Arab et al., 2014). According to EC (2011), the maximum permitted amount of 

benzo(a)pyrene for human consumption is 2 µg kg–1in oils. The level of PAH4 group 

(benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene and chrysene) should be below 

10 µg kg – 1. 

 

 

 

Figure 11. The source of PAHs contamination in food (Bansal and Kim, 2015) 

 

 

 

 

4. Hypothesis, research objectives, and expected scientific contributions 

 

The research started with the hypothesis that industrial potato cultivars will be more 

suitable and stable for the production of MPP than table cultivars. Also, it was assumed 

that potato treatment with anti-browning solutions, packaging in vacuum or MA and 
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storage of MPP at lower temperature will have a positive effect on physical, chemical and 

sensory properties of MPP, while tubers aging and storage time of MPP will have a 

negative impact to the above characteristics. It was also supposed that tubers aging and 

storage time of MPP will increase the content of sugars, acrylamide and PAHs after heat 

treatment of the samples. 

 

One of the objectives of the Ph.D. thesis is to gain knowledge about the chemical 

composition of different potato cultivars and its changes during storage as well as how to 

prevent enzymatic browning of sliced potatoes depending on the used ABA and applied 

packaging atmosphere. Moreover, the aim of the study was to gain knowledge about the 

maintaining the desired chemical composition of potatoes in order to reduce the content of 

acrylamide and PAHs in fried and baked potatoes and to optimize the processing and 

storage conditions of MPP. 

 

The research plan was divided into three parts: 

 

In the first part of the research, the influence of selected cultivars, ABA, packaging 

atmosphere, temperature and MPP storage time on the quality and sensory of raw and 

boiled samples was examined (Publication No.1). 

 

The second part of the study examined the influence of cultivar, tubers aging, ABA, 

packaging atmosphere, temperature and MPP storage time on the quality and sensory 

properties of raw MPP as well as subsequently boiled, fried and baked samples 

(Publication No. 2). 

 

The third part of the research examined the changes of chemical constitutients of 

potato.Changes in content of phenolics, glucose, fructose, sucrose and acrylamide (only in 

fried) in potatoes influenced by cultivar, tubers aging, MPP storage time, boiling and 

frying were examined (Publication No. 3). Additionally, changes in PAHs levels 

influenced by cultivar, MPP storage time and frying were also examined (Publication No. 

4). 

 

Throughout this dissertation the following issues were examined: 
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1) The influence of 10 days storage at 3 and 10 °C on quality, safety and sensory 

properties of MPP (raw and subsequently boiled in distilled water at 100°C for 15 

min) produced from two selected cultivars (cv. Birgit and Lady Claire), treated by 

two ABAs (SC, 1% or SA, 2%), and packaged in VP or MAP (10% CO2, 3% O2, 

87% N2) (Publication No. 1). 

 

2) The influence of tubers aging of selected cultivars on the quality and sensory 

properties of MPP (raw and subsequently boiled in distilled water at 100°C for 15 

min, fried in sunflower oil at 180°C for 5 min and baked in an oven at 220°C for 30 

min) during 8 days storage at 10 °C where MPP is produced by ABA treatment and 

packaged in VP and MAP (10.0% CO2, 3.0% O2, 87.0% N2) (Publication No. 2 ) 

 

3) Chemical composition (content of phenolics, glucose, fructose, sucrose and 

acrylamide in slices fried in sunflower oil at 180°C for 5 min) of MPP in the 

dependence of tubers aging of cv. Birgit and Lady Claire, storage time and 

subsequently applied cooking (boiling in distilled water at 100°C for 15 min  and 

frying in sunflower oil at 180°C for 5 min) (Publication No. 3) 

  

4) PAH content in fried MPP slices (fried in sunflower oil at 180°C for 5 min) in the 

dependence of cultivars, ABA treatment and packaging (VP and MAP) during 8 

days storage of MPP at 10 °C (Publication No. 4) 

 

Throughout this dissertation following achievements were obtained: 

 

1) knowledge of the influence of ABA, packaging atmosphere and storage conditions 

on the shelf-life of MPP as well as knowledge of the influence of the listed 

parameters on the content of acrylamide and PAHs in fried potatoes 

 

2) knowledge of the chemical composition that occur in raw potatoes during storage 

and in MPP during processing, storage and preparation for consumption 

 

3) knowledge of the optimal conditions for the production and storage of MPP in order 

to achieve the required quality and shelf-life 
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4) update of the MPP production topic, which has so far been completely neglected in 

Croatia from scientific point of view 

 

5)  contribution to better knowledge of potato cultivars which grow in Croatia and are 

present on Croatian market 
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Chapter 6 
 

General discussion 

 

• Influence of cultivar, ABA, packaging atmosphere, storage temperature and 

storage time on quality and sensory properties of raw and boiled MPP 

• Influence of cultivar, tubers aging, ABA, packaging atmosphere and storage time 

on quality, sensory properties and shelf-life of raw and cooked MPP 

• Influence of cultivar, tubers aging, storage time and cooking method on the 

phenolics, sugars and acrylamide content of MPP 

• Effect of cultivar, anti-browning treatment and storage conditions on oil uptake 

and Polycyclic Aromatic Hydrocarbons (PAHs) in minimally processed potato 

• Statistical analysis 
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1. Influence of cultivar, ABA, packaging atmosphere, storage temperature 

and storage time on the quality and sensory properties of raw and boiled 

MPP 
 

 

 The aim of the research presented in the Publication No. 1 was to investigate which 

cultivars, natural, potentially non-toxic and easily available ABA, packaging atmosphere and 

storage conditions can contribute the most for preserving the quality of MPP and extend its 

shelf life. In this part results presented in Publication No. 1 will be discussed. In the research, 

the table potato cv. Birgit and the industrial potato cv. Lady Claire were used. Potato slices 

were prepared and treated with ABA, i.e. 1% SC, 2% SA solution and water as a control. The 

potatoes were packaged in a VP, active MA (10% CO2, 3% O2 and 87% N2) and passive MA. 

VP and active MA samples were packaged in the bags made of bi-layer laminate of PA/PE: 

ribbed layer PA 30 μm/PE 70 μm, and flat layer PA 30 μm/PE 100 μm. Samples packaged in 

passive MA were packed in PE bags (45 μm) and served as control. MPP samples were stored 

at 3 and 10 °C for 10 days and analyzed during 0, 2nd, 4th, 8th, and 10th day of storage. 

Physical and chemical properties of samples were analyzed, i.e. dry matter content, pH, color 

and texture properties, gas composition within packages, microbial activity and sensory 

properties of raw and boiled MPP. 

 Based on the results it can be concluded that cv. Birgit was more acceptable for minimal 

processing when compared to cv. Lady Claire although the differences in results were not 

remarkable (Publication No. 1 - Figure 1). The dry matter content and pH was slightly lower 

in cv. Birgit when compared to cv. Lady Claire (Publication No. 1 - Table 1) which is a 

cultivar characteristic. Cv. Birgit contains a middle amount of dry matter in comparison with 

other cultivars, while cv. Lady Claire contains a high amount of dry matter (Halford et al., 

2012; European Cultivated Potato Database, 2017). Cv. Lady Claire color parameters L*, a* 

and b* were lower when compared to cv. Birgit samples (Publication No. 1 - Table 1). Higher 

L* values confirms that cv. Birgit was less prone to browning, while higher b* values show 

that color of its flesh was more shifted towards the yellow part of the spectrum. A lower 

tendency to brown is a desirable characteristic of MPP (Tudela and Gil, 2020), therefore the 

above results also indicated that cv. Birgit was more suitable for the production of MPP. The 

results of texture parameters suggested that values for firmness, elasticity, and work required 

to chew did not significantly differentiated (p≤0.05) between cultivars (Publication No. 1 - 

Table 1). The CO2 level was higher in packages with cv. Lady Claire samples (Publication 
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No. 1 - Table 1). High proportion of CO2 indicates higher respiration rate of the cultivar 

which is an undesirable characteristic of potatoes for minimal processing since it causes the 

shorter shelf-life of the product (Rocculi et al., 2009). The panelists rated raw samples cv. 

Birgit better than samples of cv. Lady Claire in terms of color, characteristic odor and absence 

of off-odor (Publication No. 1 - Table 2). Cv. Birgit was rated as moister which also goes in 

favor of the cv. Birgit since consumers do not prefer dried and hard potato slices (Rocculi et 

al., 2009). 

 The ABA had a statistically significant effect on the most of analyzed parameters. The 

highest L* and b* values, and the lowest a* value (Publication No. 1 - Table 1) measured on 

the samples treated with SA indicated that SA was more effective ABA in comparison with 

SC. SC-treated samples had the highest dry matter content and the highest pH most likely due 

to SC ability to absorb water and pH value of SC solution.Contrary, the water-treated samples 

had the lowest dry matter content and the lowest pH probably due to endogenous enzymes 

activations on the cell walls and growth of microorganisms (Rocha et al., 2003).The firmness 

and work required for chewing were the highest in the samples treated with SC which also 

indicated that SC treatment led to hardening of texture of MPP, like calcium chloride (Bobo-

García et al., 2020). The highest CO2 content was determined in SC-treated samples which 

indicated increased respiration of potatoes and consequently a tendency to spoilage. Based on 

the results of sensory analysis, the samples treated with SA were the least browned and had 

the best preserved characteristic odor of the product with the least impurities of off-odor. 

Also, the panelists concluded that the firmness of the samples treated with SA and SC was 

almost the same. The presence of off-odor was the most noticeable in the samples treated with 

SC, and these samples were rated as the moistest, while the greatest browning of the samples, 

absence of a characteristic odor and the lowest moistness were observed in water-treated 

samples. Due to convincingly unsatisfactory results for physical, chemical and sensory 

parameters obtained for water-treated samples, the impact of water-treatement in further 

research was no longer considered not even as a control. 

 VP proved to be the best option for MPP packaging. Although the color of the potatoes 

was well preserved in the active MA (the highest L* and b* parameters), the samples 

packaged in active MA had the lower dry matter, their pH increased, and the results of 

sensory analysis showed that they had the most pronounced off-odor (Publication No.1 - 

Table 1). This can be associated with reduced O2 content in the active MA package (0.96 ± 

0.02%). Such almost anaerobic conditions could cause the formation of ethanol and 

acetaldehydes, and off-flavors, respectively (Gorris and Peppelenbos, 1992; Cacace et al., 
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2002).The samples packaged in VP had the best preserved color of the product, the highest 

moistness and better preserved characteristic odor of the product when compared to the 

samples packaged in active MA. Samples packaged in passive MA indicated typical signs of 

browning and spoilage (the lowest parameters L* and b* and the highest value of parameter 

a*, the highest value of firmness and work required to chew the samples) (Publication No. 1 - 

Table 1). As stated in the theoretical part of the dissertation, numerous scientists have 

compared the shelf-life of MPP packaged in VP and MA (Beltrán et al., 2005; Pineli et al., 

2005) and confirmed that vacuum is a more suitable packaging atmosphere to preserve the 

durability of MPP in comparison with packaging in active MA. Because the results for 

physical and sensory parameters of samples packaged in passive MA were less satisfactory, 

the impact of passive MA on these parameters was no longer examined not even as a control. 

 Storage temperature had a statistically significant effect (p≤0.05) on dry matter and 

firmness of the product as well as O2 and CO2 level in the package. Samples stored at 3 °C 

had higher dry matter content and higher firmness when compared to samples stored at 10 °C 

(Publication No. 1 - Table 1). The O2 content was higher in the samples stored at 3 °C, while 

CO2 content was higher in the samples stored at 10 °C indicating a higher respiration rate of 

samples stored at higher temperature (Ghazavi and Houshmand, 2010). Cacace et al. (2002) 

measured the O2 and CO2 concentration in MPP stored at 1 and 6 °C and also concluded that 

the respiration rate was higher in samples stored at higher temperature. Storage temperature 

did not have a statistically significant influence (p>0.05) on MPP color parameters. Contrary, 

storage temperature had a statistically significant influence (p≤0.05) on the sensory evaluated 

color and the presence of off-odor in the raw samples. At higher temperature, a less browning 

and just slightly higher presence of off-odor was observed in the samples. However, samples 

stored at 10 °C were microbiologically correct. Principal Component Analysis (PCA) 

(Publication No.1 - Figure 1) did not show the grouping of the examined samples by 

temperature of storage. Since MPP are more likely to be stored in retail at temperatures close 

to 10 °C, further research was focused on monitoring product quality parameters and shelf-life 

at temperature of 10°C and the influence of storage temperature of 3 °C on these parameters 

was no longer examined. 

 The storage time significantly affected (p≤0.05) almost all analyzed parameters. The dry 

matter content decreased during time most likely due to starch degradation and decomposition 

in soluble sugars (Wustman and Struik, 2007; Ierna et al., 2017). The pH of the sample also 

decreased during storage. Although color parameters slightly varied during storage, 

significant increase of L* values and decrease of b* values occurred at the beginning of the 
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storage. The firmness and work required for chewing increased during storage time most 

likely due to water loss of the peeled and sliced sample and already mentioned wounding 

response (Rocculi et al., 2009). The O2 content decreased during storage until the 8th day after 

which it began to rise, while CO2 content continuously increased. The CO2 content increase 

also affected the lowering of the pH of the samples during storage.The largest changes in the 

concentration of O2 and CO2 were recorded until the 4th day of storage, after which their level 

was stable similary to the results of Beltrán et al. (2005). In their research stable levels of 

gases were recorded after 5 days of storage at 4 °C of ABA treated cv. Monalisa packaged in 

LDPE and passive MA or VP. The results of sensory analysis indicated that during storage the 

samples turned brown and lost their characteristic odor, while off-odor appeared, especially 

after the 8th day of storage.  

  Microbiological analysis was performed in all samples and the presence of aerobic 

mesophilic bacteria and Enterobacteriaceae was examined. According to the Guide 

Microbiological Criteria for Food (Ministry of Agriculture, Fisheries and Rural Development 

of the Republic of Croatia, 2009) “ready to eat” samples that have >105 aerobic mesophilic 

bacteria and >103Enterobacteriaceaeare considered microbiologically defective. By the 8th 

day of storage, most of the samples met the criteria recommended by the Guide, except the 

samples packaged in MA and stored at 3 °C (Publication No. 1 - Table 5). Samples stored at 

10 °C were microbiologically correct, most likely due to low level of O2 in the package, since 

in the absence of O2, the growth of aerobic mesophilic bacteria is prevented (Putnik et al., 

2016). 

  In addition to the sensory properties of the raw samples (Publication No. 1 - Table 2), 

samples after boiling were also sensory evaluated (Publication No. 1 - Table 3). Sensory 

characteristics that were evaluated in boiled samples were: color (browning intensity), 

characteristic odor, off-odor, moistness, firmness, creaminess and characteristic taste as well 

as sweet, sour, salty, bitter and off-taste. 

  The sensory results of boiled samples also confirmed that cv. Birgit was more 

acceptable for MPP production as it was better rated in terms of all sensory characteristics. 

Cv. Birgit samples had less pronounced browning, more pronounced characteristic odor and 

taste, and less pronounced off-odor when compared to cv. Lady Claire samples. Also, cv. 

Birgit samples were characterized with less firmness and more pronounced creaminess. 

Moreover, the sweetness was more pronounced in cv. Birgit samples, while cv. Lady Claire 

samples showed more pronounced bitter taste and off-taste.  
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  ABA had a statistically significant (p≤0.05) effect on color, sweet taste and off-taste of 

boiled samples where samples treated with water were rated with the lowest scores. Samples 

treated with SA were rated as the samples least prone to browning. Also, these samples were 

evaluated as samples with the most pronounced sweet taste and the least pronounced off-

taste.The results of other sensory parameters were not statictically influenced by examined 

ABA, although numerically the characteristic taste of the samples treated with SA was the 

best evaluated. Package atmosphere significantly (p≤0.05) influenced only on color, off-odor, 

firmness, sour taste and off-taste where samples packaged in VP were the best evaluated in 

terms of color and the absence of off-odor. The highest presence of off-odor, firmness, sour 

taste, and off-taste was recorded in samples packaged in active MA. 

  Different storage temperatures did not have a statistically significant effect (p>0.05) on 

the sensory characteristics of the boiled samples. The largest difference in the results was 

visible in the evaluation of the color, firmness and creaminess of the samples. Samples stored 

at 10 °C were rated as ones with higher firmness and creaminess and less prone to browning.  

  The storage time had a statistically significant influence (p≤0.05) on all examined 

sensory properties of MPP. As storage time increased, the samples became more prone to 

browning, the characteristic odor and taste were less pronounced, while the presence of off-

odor and off-taste was more noticeable. The firmness of the samples and the presence of sour 

taste and bitter taste increased over time, while creaminess and sweet taste decreased. 

  When comparing the results of sensory analysis of raw and boiled potatoes, it can be 

seen that boiled potatoes were better rated in terms of the presence of characteristic odor and 

the absence of off-odor. Off-odor is contributed by volatiles and it is possible that they 

evaporated during boiling while volatiles that are responsible for creating a characteristic odor 

can be formed during boiling from amino acid precursors and sugars with nucleotides as 

potentiators (Thybo et al., 2006; Jansky, 2010). According to all obtained results, water-

treatment, passive MA and 3ᵒC were not further investigated and in further studies, potatoes 

were stored up to 8 days. 
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2. Influence of cultivar, tubers aging, ABA, packaging atmosphere and 

storage time on quality, sensory properties and shelf-life of raw and 

cooked MPP 
 

 In Publication No.2, in addition to the influence of already mentioned parameters 

(cultivar, ABA, packaging atmosphere, storage time),the greatest focus was on influence of 

tubers age on the quality and sensory properties of raw, and subsequently boiled, fried and 

baked MPP samples. After harvest, cv. Birgit and Lady Claire potatoes were stored in cool 

and dark place in storage house at temperature of 8 °C, relative humidity approximately 100% 

and they were treated with anti-sprouting agents (Gro Stop Basis and Gro Stop Fog). Three 

days before processing, potatoes were stored at 16 °C. During the 1st, 5th and 9th month of 

storage, tubers were used for minimal processing. Tubers were peeled, sliced and treated with 

1% SC and 2% SA, packaged in VP and MA (10% CO2, 3% O2 and 87% N2) and stored at 10 

°C for 8 days. Samples were packaged in PA/PE bags with film thickness 90 µm for VP 

(permeability at 23 °C and RH 0% for O2 was 8.21 cm3m-2day-1bar-1) and PA/PE bags with 

film thickness 75 µm were used for MAP (permeability for O2 was 22.3 cm3 m-2 day-1 bar-1).  

Such conditions were selected based on the results obtained in Publication No.1. MPP 

samples were analyzed on the 0, 2nd, 4th and 8th day of storage for weight loss, total solids 

(TS) and soluble solids (SS), pH, color, texture and sensory properties of raw, boiled, fried 

and baked MPP. The O2 and CO2 content was also measured within the packages. 

 Results in Publication No. 2 were in accordance with the results presented in 

Publication No. 1 where it was concluded that cv. Birgit is more acceptable for minimal 

processing when compared to cv. Lady Claire. (Publication No. 1 - Figure 1; Publication No. 

2-Figure 1). The values for TS, SS and pH were slightly lower in cv. Birgit MPP when 

compared to cv. Lady Claire samples (Publication No. 2 - Table 1) due to previously 

mentioned cultivar characteristics.  The color parameters L*, a*, b* and C* were lower in cv. 

Lady Claire samples in comparison with cv. Birgit samples. H° parameter was higher in cv. 

Birgit samples (Publication No. 2 - Table 2) which is in line with the results reported in 

Publication No. 1. The firmness and elasticity of the MPP samples were statistically 

significantly different (p≤0.05) among cultivars, where cv. Lady Claire samples had higher 

firmness and elasticity in comparison withcv. Birgit samples. Thiswas in accordance with 

results for TS and SS. These results are in favor of the cv. Birgit as consumers do not prefer 

hard potato slices (Rocculi et al., 2009). The average value of the CO2 content was higher in 

the samples of cv. Birgit. In Publication No. 2, as in Publication No. 1, the panelists rated raw 
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samples of cv. Birgit better than cv. Lady Claire samples in terms of color, characteristic odor 

and absence of off-odor.  

Publication No. 2 was mainly focused on the influence of tubers aging on the physical and 

sensory parameters of MPP (Publication No. 2 - Tables 1, 2 and 3; Figure 2). With increase of 

tubers age, pH and TS content in MPP decreased and SS increased. The interraction cultivar 

vs. tubers age indicated a reduced content of TS in the MPP of cv. Birgit and a decrease in the 

TS content during aging of cv. Birgit tubers. During storage of tubers, starch converts into 

sugars due to respiration, which could explain the decrease in TS and the increase in SS 

(Wustman and Struik, 2007). MPP weight loss was most noticeable during the 1st and 9th 

month of tubers age. Weight loss decreased due to transpiration and respiration, and it was 

more intense in the 1st month of storage due to stress caused by harvesting and adaptation to 

new storage conditions. Further decrease in weight loss during the last months of storage 

could be a result of possible interruption of dormancy and sprouting, during which the starch 

is converted into sugars (Wustman and Struik, 2007; Rotim, 2010). Considering respiration, 

such trend was not observed in O2 and CO2 level in MPP during tubers aging. This could be 

explained by peeling and cutting by itself, which influence respiration (Limbo and 

Piergiovanni, 2006). Namely, in the 5th month of tubers storage O2 level was slightly lower 

and CO2 slightly higher then in the samples from the 1st and 9th month what indicated a higher 

respiration of MPP produced from 5th month old tubers. MPP storage time had significant 

impact (p≤0.05) on all examined parameters (Publication No. 2 - Table 1). TS content 

decreased during time, while SS increased what is most likely due to starch degradation and 

decomposition in soluble sugars (Wustman and Struik, 2007; Ierna et al., 2017). After the 4th 

day, weight loss declined, what is similar with published data in study of Rocha et al. (2003), 

as well as pH.  The O2 content decreased during storage, while CO2 content increased.  

 Color parameters L*, and H° decreased during tubers aging, while a*,b*, and C* 

increased which indicated a tendency of samples to browning. The texture parameters 

(firmness, elasticity and work required for chewing) increased with the age of tubers, what 

could most likely be due to already mentioned wounding response and transpiration (Rocculi 

et al., 2009). Similar observations could be applied to the results for color and texture for both 

cutivars according to the interactions cultivar vs. tubers age (Publication No. 2- Table 2). 

Based on the results for sensory analysis of raw MPP, during tubers aging MPP samples were 

more prone to browning, more moistness and less firm. Interactions of cultivar vs. tubers age 

also indicated similar results for both cultivars, although tendency to browning during aging 

of tubers was more visible in cv. Lady Claire MPP as well as appearance of off-odor. 
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 ABA had a statistically significant effect (p≤0.05) on most of the measured color 

parameters. SA has been shown to be more effective in color preservation since higher L* and 

b* values, and lower a* values were obtained in SA-treated samples (Publication No. 2 - 

Table 2).This is similar to the results presented in Publication No.1. The same results were 

presented by the interactions of tubers age vs. ABA, where similar trend in both cultivars 

could be observed. ABA had no significant impact (p>0.05) on texture parameters. Based on 

the results for sensory analysis, it was concluded that the samples treated with SA had the best 

preserved color and characteristic odor what is similar to the results in the first research 

(Publication No.1). ABA did not have a statistically significant influence (p>0.05) on the 

moistness, firmness and presence of off-odor.  

 Furthermore, obtained results also confirmed that VP was the best option for MPP 

packaging. Although in the both studies the color of the potatoes was well preserved in active 

MA packages (the highest L* and b* parameters), the samples packaged in active MA had 

lower firmness and TS content, higher pH and the most pronounced off-odor (Publication No. 

2 - Tables 1 and 2). According to the results for sensory analysis, the samples packaged in VP 

had the best preserved color, the highest moistness and better preserved characteristic odor of 

the product when compared to the samples packaged in active MA. The same observations 

were also reported in the Publication No. 1.  

 The MPP storage time had significant impact (p≤0.05) on color parameters as well as on 

elasticity and work. During MPP storage, L*,b*, C*and H° values decreased by the end of 

storage,while a* values slightly varied. The elasticity and work required for chewing 

increased during storage time. The results for sensory analysis in both studies indicated that 

the samples were more prone to browning, and to losing characteristic odor as well as to 

appearing off-odor during MPP storage. Also, during MPP storage the moistness and firmess 

decreased probably due to activity of endogenous enzymes (Rocha et al., 2003).  

 Sensory characteristics that were evaluated in boiled samples (Publication No. 2- Table 

4) were: color (browning intensity), characteristic odor, off-odor, moistness, firmness, 

creaminess and characteristic taste as well as sweet, sour, salty, bitter and off-taste. 

 The sensory results for boiled samples are in accordance with the results reported in 

Publication No. 1. Namley, cv. Birgit is more acceptable for MPP production as it was better 

rated in terms of almost all evaluated sensory characteristics. Samples of cv. Birgit had 

significantly (p≤0.05) less pronounced browning and off-taste as well as more pronounced 

moistness, creaminess and characteristic taste in comparison with cv. Lady Claire samples. 
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Sensory characteristics such as characteristic odor, firmness, sweet and sour taste were rated 

equally for both cultivars. 

 Tubers age had a statistically significant influence (p≤0.05) on the browning, moistness, 

salty, sour, bitter and off-taste. Characteristic taste declined after the 5th month. The 

interactions cultivar vs. tubers age indicated that cv. Lady Claire was more prone to browning, 

to appearance of sour and off-taste and these parameters increased during tubers aging. 

According to Jansky (2010), potato aging has no negative impact on potato flavor, although 

the best rated samples were potatoes up to 5 months old according to sensory analysis of 

MPP. 

The samples treated with SC and SA were equally evaluated in terms of color. The 

samples treated with SC were slightly better evaluated in almost all examined attributes when 

compared to samples treated with SA. This is opposite to the results obtained in the first study 

presented in Publication No. 1, but the numerical differences were very slight in both studies. 

Moreover, in both studies, samples packaged in VP were best rated in terms of color, 

characteristic odor and taste, and the absence of off-odor. In the samples packaged in active 

MA the highest presence of off-odor, moistness, firmness, sour taste, bitter taste and off-taste 

was recorded. 

The MPP storage time had a statistically significant influence (p≤0.05) on all 

examined sensory properties, as in the first study (Publication No. 1). As storage time 

increased, the samples were more prone to browning, the characteristic odor and taste were 

less pronounced and the presence of off-odor and off-taste were more noticeable. The 

firmness of the samples, creaminess and sweet taste decreased, and the presence of sour taste 

and bitter taste increased over time. 

 As in Publication No. 1, boiled samples were rated better than raw samples in terms 

of the presence of characteristic odor and the absence of off-odor. 

In the Publication No. 2, sensory properties of fried and baked samples were also 

evaluated. In fried and baked samples, color (tendency to brown), characteristic odor and off-

odor, oiliness, firmness, crispiness, characteristic taste, sweet, salty, sour, bitter and off-taste 

were evaluated (Publication No. 2 - Tables 5 and 6; Figure 3). 

Fried and baked samples of cv. Birgit were better evaluated in terms of less tendency 

to brown, more pronounced characteristic odor and less pronounced salty and bitter taste. 

Samples of cv. Lady Claire were rated as less oily, more harder, and crispier than cv. Birgit 

samples, which is consistent with cultivar characteristics. Cv. Lady Claire is an industrial 

potato cultivar grown primarily for the production of chips. 
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Tubers aging significantly influenced (p≤0.05) on almost all examined sensory 

attributes of fried and baked samples, but not on color of fried ones, and characteristic odor 

and taste of fried and baked samples. Although there was a significant influence of tubers 

aging on browning among baked samples, numerical differences were negligible. By increase 

of potatoes age, oiliness, sour, bitter and off-taste were more pronounced in fried and baked 

MPP, while off-odor, firmness (only in fried samples), crispiness, sweet and salty taste were 

less noticeable. 

Fried and baked samples treated with SC were less prone to browning and were less 

scored for off-odor, oiliness, bitter (only in baked) and off-taste (only in fried) as well as they 

better retained characteristic taste. Packaging atmosphere significantly influenced (p≤0.05) 

only color, characteristic and off-odor, and crispness in fried and baked samples as well as 

salty (in fried) and bitter (in baked) taste. All listed changes were less pronounced in VP 

samples with exception of crispiness in baked ones. Further research was conducted on SA-

treated and VP samples, as raw MPP samples treated in this way were the least prone to 

browning which is one of the key parameters of MPP quality. 

Storage time significantly influenced (p≤0.05) on almost all examined sensory 

attributes of fried and baked MPP. All changes mostly had negative impact on sensory 

quality, although all samples remained acceptable till the 8th day.  

Generally, grand means of all desirable attributes were higher for fried MPP when 

compared to baked ones and inversely, grand means of all undesirable attributes were lower 

for fried MPP in comparison with baked ones. Therefore, for further study only fried MPP 

were investigated. 

 

 

3. Influence of cultivar, tubers aging, storage time and cooking method on 

the phenolics, sugars and acrylamide content of MPP 
 

In the Publication No. 3, the influence of cultivar, tubers aging, MPP storage time and 

cooking method on the content of phenolics, sugars and acrylamide in MPP was examined. 

Samples of cv. Birgit and Lady Claire stored for 1, 5 and 9 months were peeled, sliced, treated 

with 2% SA solution and packaged in VP. These conditions were selected based on the results 

in Publications No. 1 and 2. Thereafter, the MPP were stored for 8 days at 10 °C. During the 

1st, 5th and 8th day of storage, samples were boiled or fried and then analyzed. The content of 

phenolics (catechin, epicatechin, chlorogenic acid and total phenolics) and sugars (fructose, 
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glucose, sucrose and total sugars) was determined in raw, boiled and fried samples. Phenolics 

were analyzed by UPLC MS2 and sugars using HPLC. Acrylamide was determined only on 

fried samples byUPLC MS2. 

 Cv. Lady Claire had a significantly higher concentration (p≤0.05) of total and individual 

phenolics (total phenolics 10.13 mg 100 g-1 DW; catechin 0.172 mg 100 g-1 DW; epicatechin 

0.337 mg 100 g-1 DW; chlorogenic acid 9.63 mg 100 g-1 DW) when compared to cv. Birgit 

(total phenolics 5.77 mg 100 g-1 DW; catechin 0.168 mg 100 g-1 DW; epicatechin 0.298 mg 

100 g-1 DW; chlorogenic acid 5.30 mg 100 g-1 DW) (Publication No. 3 - Table 1; Figure 1). 

Deuβer et al. (2012) also concluded that content of phenolics depends on potato cultivar. 

Chlorogenic acid was the most abundant, while catechin was the least abundant what is in 

accordance with studies of Deuβer et al. (2012) and Akyol et al. (2016). 

 Content of total and individual phenolics was the highest during the 1st month of tubers 

storage and it decreased significantly until the 5th month of storage when it was the lowest 

(except for epicatechin, which was the lowest during the 9th month of potato storage). From 

the 5th to the 9th month of storage, total and individual phenolics increased again. The same 

influence of cultivar and tubers age was also observed by interaction cultivar vs. tubers age 

(Publication No.3 - Table 1; Figure 2). Some scientists stated that level of phenolics decreases 

after harvesting and it increases again during the entire period of cold storage (Külen et al., 

2013). Akyol et al. (2016) claimed that phenolics increased or remained at the sam level 

during cold storage (4 °C), while Andre et al. (2009) stated that phenolics decreased during 

storage of potatoes at 10 °C.This change in phenolics is influenced not only by temperature 

but also by storage time, i.e. each parameter that cause a stress to the plant. Therefore, the 

phenolics were the highest during harvesting and they decreased until the 4th month of storage 

when potatoes were in the dormancy phase and they were not under stress. However, after 

that period, phenolics increased again (Külen et al., 2013). Results of this study are in 

accordance with such findings. 

 During MPP storage, total and individual phenolics decreased (Publication No.3 - Table 

1). A possible cause of this occurence is participation of phenolics, particularly chlorogenic 

acid, as substrates in enzymatic browning reactions (Amaki et al., 2011, Narváez-Cuenca et 

al., 2013; Li et al., 2018; Licciardello et al., 2018). 

 The interaction cultivar vs. storage time showed that phenolics were higher in cv. Lady 

Claire in comparison with cv. Birgit, except in the case of catechin.Their content decreased 

during storage, although in some samples the content of phenolics was the lowest during the 

5th day of storage.The results also showed that total phenolics and chlorogenic acid (known as 
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the browning substrate) decreased faster in cv. Lady Claire samples, cultivar more prone to 

enzymatic browning. The interaction storage time vs. tubers age indicated that in MPP made 

from tubers aged 1 and 9 months phenolics decreased during 8 days of storage, while in MPP 

made from tubers of 5 months age phenolics increased until the 5th day of storage and then 

they decreased again.  

 Phenolics were the highest in raw samples, except for epicatechin. Boiling caused the 

highest decrease of phenolics. The same trend was observed by interaction cultivar vs. 

cooking method. The decrease in phenolics content during boiling is most likely influenced 

by cell walls rupture, leakage of phenolics and their solubility in water as well as their 

degradation at high temperature (Tian et al., 2016). 

 The interaction cooking method vs. tubers age showed that the lowest phenolics were 

present in MPP produced from tubers of 5 months age and in boiled samples.The interaction 

cooking method vs. MPP storage indicated that phenolics decreased in both boiled and fried 

samples during MPP storage.  

 The content of total and individual sugars was higher in cv. Birgit (total sugars1.75 g 

100 g-1 DW; fructose 0.321 g 100 g-1 DW; glucose 0.373 g 100 g-1 DW; sucrose 1.06 g 100 g-1 

DW) when compared to cv. Lady Claire (total sugars 0.65 g 100 g-1 DW; fructose 0.140 g 100 

g-1 DW; glucose 0. 178 g 100 g-1 DW; sucrose 0.33 g 100 g-1 DW) which is cultivar 

characteristic. Cv. Birgit is a table potato, while cv. Lady Claire is an industrial potato 

intended for the chips production, so it is extremely important that it contains low content of 

sugars as possible (Elmore et al., 2015; European Cultivated Potato Database, 2017; Norika 

GmbH, 2020;). 

 Furthermore, total and individual sugars increased during tubers aging. The increase 

was higher in cv. Birgit in comparison with cv. Lady Claire. In both cultivars, sucrose content 

was the highest. The interaction cultivar vs. tubers age also showed that during tubers aging 

sugars increased more in cv. Birgit than in cv. Lady Claire (Publication No.3 - Table 1; 

Figure 2). Namely, during aging of tubers, breakdown of starch into sucrose occurs due to 

respiration and afterwards sucrose decomposes into reducing sugars (glucose and fructose) in 

order to use them for energy. Moreover, in cases that cause stress for the tuber (inadequate 

storage conditions such as low storage temperature or high CO2 content) accumulation of 

sugars in potato tubers can be enhanced. Sugars accumulate in tubers due to interruption of 

dormant state and appearance of sprouts. During sprouting, tubers are prepared to feed the 

new plant and therefore starch is converted into simple sugars (glucose and fructose) 

(Wustman and Struik, 2007; Kaul et al., 2010).  
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 During MPP storage, the content of sugars was the highest during the 1st day and it 

decreased until the 5th day of storage. From the 5th till the 8th day of storage, the content of 

sugars rised again (Publication No.3 - Table 1). Immediately after minimal processing, i.e. 

peeling, cutting, treatment with ABA and packaging, potatoes are in a state of stress due to 

which they accumulated sugars. The accumulated sugars were consumed in the following 

days due to respiration, but later starch probably decomposed and sugars increased 

(Vreugdenhil, 2007; Wustman and Struik, 2007). 

 The interaction cultivar vs. MPP storage showed that sugars generally increased in cv. 

Birgit during storage,while cv. Lady Claire showed a decreasing trend during storage of MPP. 

MPP storage vs. tubers age did not show statistically significant effect (p>0.05) on the content 

of all analyzed sugars (Publication No.3 - Table 1). In general, the results showed that as the 

tubers age and storage day increased, the sugars also increased. Despite the increase in sugars, 

these values were still low enough not to affect product quality. 

 The cooking method had a statistically significant effect (p≤0.05) on fructose, sucrose 

and total sugars which were the highest in raw potatoes and the lowest in boiled potatoes. The 

cultivar vs. cooking method showed that content of sugars was the highest in raw samples and 

the lowest in boiled samples except in the case of fructose in cv. Lady Claire samples. It was 

the lowest in raw samples and the highest in fried samples (Publication No.3 - Table 1; Figure 

3). The lowest sugars were in boiled samples because during boiling the cell walls are 

damaged, sugars come out of the cells and they dissolve in water in which the potatoes are 

boiled (Pedreschi et al., 2009; Zhang et al., 2018). During frying, sugars also decrease due to 

their participation in Maillard’s reactions (Jansky, 2010). 

 Cooking method vs.tubers age indicated that sugars were generally the lowest in boiled 

samples, except in the case of glucose which was the lowest in fried MPP made from potatoes 

stored for 9 months. Independently of cooking method, sugars increased during aging of 

tubers. 

 Storage time vs. cooking method showed that sugars increased in fried samples during 

MPP storage and they decreased in boiled samples with the lowest values on the 5th day 

(Publication No.3 -  Table 1). 

 Higher acrylamide content was present in cv. Birgit (1025.87 µg kg-1 DW) in 

comparison with cv. Lady Claire (331.75 µg kg-1 DW). Concentration of acrylamide 

increased with potato aging and MPP storage time. Cultivar vs. tubers age, cultivar vs. storage 

time and storage time vs.tubers age also showed that concentration of AA increased with 

tubers aging and MPP storage time, which was more present in cv. Birgit (Publication No. 3- 
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Table 2). Moreover, AA positively correlated with sugars (a strong correlation between AA 

and fructose (rs = 0.62), glucose (rs = 0.79), sucrose (rs = 0.62) and total sugars (rs = 0.76). 

Also, it can be seen that by prolonging the MPP storage, there was a negative correlation 

between AA and total phenolics as well as chlorogenic acid. In research of Zhu et al. (2010) 

and Kalita et al. (2013) similar correlation was observed. The results for AA are expressed as 

µg kg-1 DW, which means that the same values expressed in µg kg-1 fresh weight are up to 3-

fold lower. Therefore, it can be concluded that all results meet EC (2017) regulation which 

states 750 µg kg-1 fresh weight as the reference value for the acrylamide content. 

 

 

4. Effect of cultivar, ABA treatment and storage conditions on oil uptake 

and PAHs in MPP 
 

 In Publication No. 4, the influence of cultivar, ABA and MPP storage conditions on oil 

uptake and PAHs level was examined. Cv. Birgit and Lady Claire samples were peeled, 

sliced, treated with 1% SC solution and 2% SA solution and packaged in VP and active MA. 

Packaged samples were stored for 8 days at 10 °C. During the initial, 2nd, 4th and 8th day of 

storage, the samples were fried in sunflower oil at 180 °C for 5 min. After frying, the oil from 

the samples was extracted and the oil concentration in each sample was determined. After 

isolation, determination and quantification of PAHs were performed. Light fractions of PAHs 

with 2-4 rings (naphthalene, acenaphthene, fluorene, anthracene, fluoranthene, benzo(a) – 

anthracene, chrysene, pyrene) and heavy fractions of PAHs with 5 and 6 rings 

(benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, 

benzo(g,h,i)perylene) were detected and quantified in the extracted oil samples by gas 

chromatography. 

 Both cultivars had a statistically significant effect (p≤0.05) on the amount of oil uptake 

(Publication No. 4 - Figure 1). Cv. Birgit absorbed a significantly higher amount of oil when 

compared to cv. Lady Claire. These results are in line with the dry matter content 

(Publications No. 1 and No. 2), as potatoes that contain more dry matter absorb less oil during 

frying (Kita, 2002). The absorbed oil amounts in these samples were significantly lower (5.34 

- 11.22%) than the oil amount absorbed during chips frying as the thickness of the slices in 

this research was 5 mm which is much thicker than chips slices and therefore their 

area/volume ratio was lower.  
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 Only cultivars and package atmosphere had a statistically significant effect (p≤0.05) on 

the concentration of PAHs in the samples. Both light and heavy fractions of PAHs were 

present in higher concentrations in cv. Lady Claire. Among the representatives of light 

fractions, naphthalene was dominant, followed by phenanthrene, fluoranthene and 

acenaphthene. As for the heavy fractions of PAHs, benzo(g,h,i)perylene, 

benzo(b)fluoranthene, dibenzo(a,h)anthracene and benzo(a)pyrene were the most represented 

(Publication No. 4 - Tables 3 and 4; Figures 3 and 4). Higher concentration of PAHs 

accumulates in the potato peel due to higher lipid content in comparison with the rest of the 

tuber as well as in vegetables that have a higher lipid content (Fismes et al., 2002). The lipid 

content in cv. Lady Claire was 0.77% and in cv. Birgit 0.58%, what could be the reason for 

greater accumulation of PAHs in cv. Lady Claire.  

 Package atmosphere had a statistically significant effect (p≤0.05) only on 

concentrations of several PAHs, namely naphthalene, fluorene, and pyrene as well as 

benzo(b)fluoranthene, which is a representative of the heavy fraction of PAHs (Publication 

No. 4 - Tables 3 and 4; Figure 3). 

 The interactions cultivar vs. package atmosphere had a statistically significant effect 

(p≤0.05) on the concentration of naphthalene, fluorene, phenanthrene and pyrene from the 

group of light fractions of PAHs and benzo(a)pyrene from the group of heavy fractions of 

PAHs (Publication No. 4 - Tables 3 and 4; Figure 3). 

 Considering packaging, in general, it was evident that higher concentrations of PAHs 

were present in the samples packaged in active MA.  

 According to EC (2011), the concentration of Σ PAH4 group in food (benzo(a)pyrene, 

chrysene, benzo(b)fluoranthene, benzo(a)anthracene) is allowed in a concentration of up to 10 

µg kg-1. Σ PAH4 concentrations in this study ranged from 0.28 to 1.36 µg kg-1(Publication 

No. 4 - Figure 2) and meet the requirements. Also, the permissible maximum concentration of 

benzo(a)pyrene in food is 2 µg kg-1 (EC, 2011). The highest measured concentration of 

benzo(a)pyrene in this study was 0.62 µg kg-1, which also meets the requirements of the EC 

(2011). 

Sunflower oil was analyzed before frying and the concentrations of all examined PAHs were 

below the detection limit. According to some authors, frying temperature of 180 °C at which 

potato is usually fried in the household, does not cause the formation of PAHs (Purcaro et al., 

2006; Rose et al., 2015). Therefore, it can be concluded that PAHs detected in the samples 

originated from the tubers, i.e. the soil in which the potatoes were grown. According to 

Bansal and Kim (2015), root vegetables like potatoes absorb much more PAHs through the 
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soil than other vegetables. Wennrich et al. (2002) also found higher concentrations of PAHs 

in potatoes when compared to other vegetables, and concentrations of PAHs in potatoes in the 

research of Zhong and Wang (2002) were up to 12.54 µg kg-1. 

 

 

5. PCA analysis 
 

 To investigate the possible grouping of samples based on the applied conditions, a 

Principal Component Analysis (PCA) was performed using a correlation matrix of physical, 

chemical, and sensory analysis results. In Publication No. 1 the PCA results are shown in 

Figure 1. where the first two components explained 43.23% of total variance. Figure 1a shows 

the grouping of the samples according to the cultivar. Most of the samples of cv.Birgit are 

located above the PC1 axis, while cv. Lady Claire samples are mostly located below the PC1 

axis. Also, partial grouping of samples is visible at Figure 1e, where most of the samples 

analyzed during 0 and 2nd day are located on the right side of the plot while samples analyzed 

during 8th and 10th days are predominantly located on the left side. On Figure 1b, 1c and 1d no 

grouping of samples is visible. PCA analysis was also applied in Publication No. 2 and its 

results are shown in Figures 1- 3. In Figures 1 and 2 the first two components explained 

40.91% of the total variance, while in Figure 3 the first two components explained 42.88% of 

the total variance. In Figure 1 the grouping of cv. Birgit on the positive side of PC1 axis, and 

cv. Lady Claire on the negative side of PC1 axis can be observed. In Figure 2 it can be noticed 

that most of potato samples, 1month old, are grouped on the negative side of PC2 axis, while 

9 month old potato samples are grouped on the positive side of PC2 axis. In Figure 3 it can be 

seen that most of the fried samples are grouped on the positive side of PC1 axis, while baked 

samples are grouped on the negative side of PC1 axis. In Publication No. 3  PCA analysis is 

shown in Figures 1- 3. The PC1 attributed to 52.85% of total variance and PC2 accounted for 

25.64% of total variance. Figure 1 shows the grouping of cv. Birgit samples on the positive 

side of PC1 axis, while samples of cv. Lady Claire are grouped on the negative side of PC1 

axis. In Figure 2, potato samples of 1 month were predominantly grouped on the positive side 

of PC1 axis, while other samples were grouped on the negative side of PC1 axis. In Figure 3, 

the raw samples were mostly grouped on the positive side of PC2 axis and boiled and fried 

samples were grouped on the negative side of PC2 axis. In the Publication No. 4 the results of 

PCA analysis are shown in Figure 4. PC1 represented 65.29% of total variance and PC2 
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represented 12.01% of total variance. The grouping of cv. Birgit and Lady Claire samples 

according to PAHs content is clear visible. 
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Considering obtained results influenced by all investigated source of variation (tuber’ age, 

ABA, packaging, MPP storage time and temperature) cv. Lady Claire was characterized by 

higher TS and pH (TS=24.21%; pH=6.04) in comparison with cv. Birgit (TS=18.45%; 

pH=5.97). Color of cv. Lady Claire was characterized as less yellow (b*=31.88) in 

comparison with cv. Birgit (b*=40.38) as well as a* was near the 0 in cv. Lady Claire while 

in cv. Birgit was slightly higher. Generally, according to L* value cv. Lady Claire 

(L*=69.32) were slightly more prone to browning than cv. Birgit (L*=70.05). Such 

conclusion was proved by sensory evaluation as well. Texture of both cultivars was similar, 

but cv. Lady Claire was negligible firmer. Generally, cv. Birgit samples were better sensory 

evaluated than cv. Lady Claire. 

 

Treatment with water was the least effective, while treatment with SA was the most effective 

in preserving the color according to the results of sensory evaluation. Results of colorimetric 

measurments among SC and SA, pointed out SA as slightly more effective. Generally, 

treatment with ABA had very slight and not uniform influence on TS, pH, and texture. 

 

Mainly, VP gave slightly better results in terms of color and texture according to 

instrumental measurments as well as sensory evaluation while the worst results were 

obtained with packaging in air atmosphere. 

 

Independetly on all investigated source of variation mostly all samples were 

microbiologically correct by the 8thday of storage. 

 

Mainly, under all investigated conditions of MPP processing difference among storage 

temperatures at 3 °C and 10 °C didn´t have a significant role in preserving samples during 10 

days. 

 

In VP the average O2 content was approximately 14% and CO2 5% while in MAP O2 content 

was approximately less than 2.5% and CO2 more than 9% even close to 14 %.  According to 

slightly higher O2 content in the cv. Birgit MPP samples compared to the cv. Lady Claire, it 

seems that respiration was higher in cv. Birgit. The packages with MPP produced from 5 

months old tubers had the lowest O2 content and the highest CO2. The same relation was 

observed in the packages of samples treated with SC while reverse trend was observed in the 
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samples treated with SA. Generally, in the MPP package the CO2 content increased, and O2 

content decreased with storage time. 

 

The potato aging significantly affected the physical, chemical and sensory properties such as 

TS and SS, pH, color (L*, C* and H°), texture (firmness) of MPP. The TS content and pH 

decreased by increasing tubers age (1st month: TS=22.14%; pH=6.02; 9th month: 

TS=20.98%; pH=5.98) and storage time of MPP (0 day: TS=22.75%; pH=6.23; 8th day: 

TS=20.86%; pH=5.87).  

 

Generally, according to sensory analysis tubers age had no significant influence on 

characteristic odor of raw, boiled, fried and baked potatoes and on characteristic taste of 

fried and baked potatoes. MPP produced from 9th month old tubers were more prone to 

develop negative sensory atributes as off-odor, off-taste, bitter taste etc., during storage, 

which was less pronounced in fried samples than in bolied. The color of fried ones, and 

characteristic odor and taste of fried and baked samples were preserved. Also, all changes 

were more obviuos for cv. Lady Claire than Birgit.  

 

According to sensory evaluation MPP produced in this study was more suitable for boiling 

and frying in comparison to baking. 

 

Content of total phenolics was higher in cv. Lady Claire MPP (10.13 mg 100 g-1 DW) in 

comparison with cv. Birgit samples (5.77 mg 100 g-1 DW) and in both cultivars it decreased 

during tubers aging (mean in 1st month: 14.61 mg 100 g-1 DW; in9th month: 5.55 mg 100 g-1 

DW) and MPP storage (mean at 0 day: 10.06 mg 100 g-1 DW; at 8 day: 6.49 mg 100 g-1 

DW). 

 

Content of total and individual sugars was higher in cv. Birgit samples (total sugars: 1.75 g 

100 g-1 DW; fructose: 0.321 g 100 g-1 DW; glucose: 0.373 g 100 g-1 DW; sucrose: 1.06 g 100 

g-1 DW) when compared to cv. Lady Claire MPP samples (total sugars: 0.65 g 100 g-1 DW; 

fructose: 0.140 g 100 g-1 DW; glucose: 0. 178 g 100 g-1 DW; sucrose: 0.33 g 100 g-1 DW) 

and in both cultivars it increased during tubers aging (mean of total sugars: 1st month = 0.61 

g 100 g-1 DW; 9th month = 2.08 g 100 g-1 DW). Storage time of MPP did not significantly 

affect content of sugars. Phenolics and sugars were the highest in raw samples and the lowest 

in boiled ones. 
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The acrylamide content was lower in cv. Lady Claire samples (331.75 µg kg-1 DW) when 

compared to samples of cv. Birgit (1025.87 µg kg-1 DW). The acrylamide increased with 

aging of tubers and MPP storage. Content of acrylamide was in positive correlation with 

content of sugars. Acrylamide content in both cultivars was below the reference value (750 

µg kg-1 of product) prescribed by EU Regulation (EC, 2017). It was observed that 

acrylamide and phenolics content are in negative correlation. 

 

Higher concentration of PAHs was recorded in cv. Lady Claire MPP in comparison with cv. 

Birgit samples, while higher oil uptake was present in samples of cv. Birgit. Moreover, 

higher concentrations of PAHs were found in samples packaged in active MA. The 

proportion of benzo(a)pyrene and Σ PAH4 group in food (benzo(a)pyrene, chrysene, 

benzo(b)fluoranthene, benzo(a)anthracene) were in accordance with the permitted 

concentrations prescribed bythe EU Regulation 835/2011 (EC, 2011). 

 

Finally after conducted research it can be concluded that the best results in terms of browning 

reduction, acceptable quality and sensory characteristic of MPP were achieved by applying 

2% SA solution and packaged in VP up to the 8th day of storage with the 5th months old 

tubers.  Further, cv. Birgit emerged as a better choice of cultivar for the MPP production. 

Nevertheless, the results obtained for 2% SC as well as cv. Lady Claire did not lag far behind. 

Cv. Lady Claire showe disadvantages in terms of reduced tendency to accumulate sugars 

during storage, lower content of acrylamide after frying and lower oil absorption during  

frying.  
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