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ABSTRACT 

The consumption of frozen French fries is increasing in South Africa, owing to the growing 

appeal of the product to consumers as a result of their extended shelf-life and the convenience of 

their brief preparation time. However, only few potato cultivars are used by the frozen French fry 

industry, as few South African cultivars are suitable for processing. A review of the literature 

pertaining to the selection of potato cultivars suitable for processing was done, to determine the 

industry requirements for producing standard quality frozen French fries. In addition, the pre- and 

post-harvest factors affecting the quality of frozen French fries were reviewed, with the aim of 

collating information to design a project focusing on increasing the quantity of fresh potatoes 

available for consideration to processors in the country. 

 

The review indicated that tuber solids, mainly evaluated by assessing the specific gravity and 

reducing sugar content, morphology and the occurrence of physiological defects are the main 

characteristics considered when selecting fresh potatoes for processing. Potatoes of high specific 

gravity and low reducing sugar content are targeted as these properties influence the colour, 

texture and oiliness of French fries, which are important characteristics affecting the acceptability 

of fries by consumers. Selection of potato tubers used for French fry production is done on a 

cultivar basis, mainly because genotype is the main factor determining the development of these 

characteristics. Secondly, agro-climatic and agronomic conditions experienced by the crop during 

cultivation influence the development of these characteristics and determine yields at harvest. 

Subsequently, tuber maturity, post-harvest handling practices, storage conditions and processing 

operations affect the quality of tubers and frozen French fries produced. Processors prefer high-

yielding cultivars, with minimal defects, as they result in limited losses during processing and 

ensure high product yields. High oil and acrylamide contents are the main concerns associated 

with French fry consumption, which should be regulated by selecting suitable verities and 

thereafter optimising the processing conditions for achieving a quality product. 

 

A research project was therefore proposed, to characterise potato cultivars recently released in 

South Africa for frozen French fries, by assessing agronomic performance under standard 

cultivation practices, to determine those suitable for processing, and determining optimum 

processing treatments for suitable cultivars, to produce quality frozen French fries. 
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1. INTRODUCTION 

 

In South Africa, potato (Solanum tuberosum L.) production occurs throughout the year, in 16 

different climatic regions, namely: Ceres, Eastern Cape, Eastern Free State, Gauteng, KwaZulu-

Natal, Loskop Valley, Limpopo, Mpumalanga, North Eastern Cape, North West, Northern Cape, 

Sandveld, Southern Cape, South Western Cape, South Western Free State and Western Free 

State. This totals to approximately two million tons of produce, acquired across 50 000 hectares 

of land (Steyn, 2011, FAO, 2014a). Seventeen percent of this produce is processed into different 

food products, such as frozen French fries, chips, shoestrings, table stock and dehydrated items, 

and the remainder is used as table potatoes (68%), seed (8%) and exported (7%) (PSA, 2014). 

Over 41% of the processed proportion is utilised for frozen French fry production (PSA, 2014). 

 

Frozen French fry consumption has been increasing in South Africa, occurring concurrently with 

the development of the country. Although French fries (i.e. chips in the UK) are more popular in 

North America (Canada and USA) and Europe, the product is gaining popularity  in other parts of 

the world as more research is directed towards improving the quality of fried foods (Keijbets, 

2001; Lin et al., 2001; Pedreschi, 2009). Growth in the frozen food market is expected to rise 

from $218.41 to $261.50 billion by 2015, and developing countries are thought to be at the 

forefront (Markets and Markets, 2011). Increases in the demand for the product have driven the 

expansion of the frozen French fry industry and necessitate increasing the number of cultivars 

which can be used for production in South Africa. 

 

Although South Africa currently has 101 registered cultivars (DAFF, 2014), many of the 

established cultivars are not suitable for producing frozen French fries. This is mainly because 

most cultivars originated from the northern hemisphere and were developed for other purposes, 

since development programmes often prioritise productivity and disease tolerance over 

processing quality (Bradshaw, 2007; Fuglie, 2007; Barrel et al., 2013). Even original processing 

cultivars e.g. Russert Burbank, Pentland Dell and Shepody (Kirkman, 2007), tend to be 

unsuitable as produce quality is compromised under local cultivation conditions (e.g. Steyn et al., 

2009). While some cultivars have been developed recently by the South African Agricultural 

Research Council, processors still mainly use the two established cultivars, Pentland Dell and 
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Fianna, and of late, have added Innovator and Markies. One-third of the cultivars produced in 

South Africa was released in the past five years, which necessitates investigations focusing on 

their suitability for the production of frozen French fries. 

 

In South Africa, French fry production is dominated by the Canadian multinational food 

processing company, McCain Foods, which has a 75% market share (Hanekom et al., 2010). 

Lamberts Bay Foods and Nature‟s Choice also take a 15 and 10% stake in the market, 

respectively. These companies acquire their stock by contracting local growers who achieve 

produce of acceptable quality and sometimes procure additional first-grade produce from local 

fresh produce markets to meet the market requirements (Vorster, 2014). Produce is processed 

through sequential mechanical and thermal unit operations to prepare a product that is sold to 

distributors. Since the quality of produce may vary mainly with cultivar, optimisation of 

processing conditions is often significant for acquiring a product of high and consistent quality, 

and this necessitates optimisation of processing conditions for new cultivars. Distributors then 

make frozen French fries available to retailers and institutions such as quick service restaurants 

like McDonald‟s, bars/pubs, hotels and other caterers. Some retailers and restaurants prefer to 

import a portion of frozen French fries from European countries as these suppliers generally sell 

the product at cheaper prices than local processors (Lutaladio and Castaldi, 2009; Joubert, 2013). 

 

The aim of this document is to review the factors contributing to the development of quality 

frozen French fries. This is addressed in the next chapter, by: 

(a) synthesising information about the selection criteria of fresh potatoes used for processing, 

(b) collating information about the pre- and post-harvest factors that influence the quality of 

frozen French fries, and 

(c) highlighting the parameters used to assess and compare the quality of French fries. 

 

Chapter 3 describes a project proposal, which focuses on characterising recently released South 

African cultivars for frozen French fries. 
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2. A REVIEW OF THE CRITERIA USED TO SELECT POTATOES FOR 

PROCESSING AND THE FACTORS AFFECTING THE QUALITYOF 

FROZEN FRENCH FRIES 

 

French fries have become a famous food in South Africa, with consumption increasing notably 

over the past decade (Temple et al., 2006). The growth in this sector is mainly the result of 

changing consumer needs associated with the higher average income and the rapid rate of 

urbanization (PSA, 2014). The increasing demand for French fries has fuelled the need for a 

frozen product (Fig. 2.1), presenting a longer shelf-life and allowing for the commercialisation of 

quick-to-prepare portions to consumers (Burton et al., 1992; Onke et al., 2013). However, the 

pre- and post-harvest factors that influence the quality of potatoes after processing need to be 

carefully considered, to ensure the production of a quality product. This review discusses the 

main attributes used to select potatoes suitable for processing and the factors that affect the 

quality of frozen French fries, and highlights the parameters used to assess the quality of the final 

product. 

 

 

Figure 2.1 Potatoes used by the South African frozen French fry industry (PSA, 2010; cited by du 

Preez, 2011) 
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2.1 Selection Criteria of Potatoes for Processing 

 

Screening of potatoes for processing is done on a cultivar basis, using physico-chemical and 

physical attributes, to ensure high processing efficiency and product quality. Suitability of the 

potato tuber to a given cooking method(s) plays an important role (Feltran et al., 2004). Tuber 

solids, morphology and defects form the basic criteria for selecting potatoes suitable for 

processing (Hui, 2003). Such characteristics affect the cost of operations, as well as the yield per 

unit, especially if production is done on a commercial scale. The specific requirements of the raw 

material regarding these attributes are discussed below. 

 

2.1.1 Tuber solids 

 

Approximately 20% of the potato tuber is dry matter constituted predominantly of starch (14%), 

sugars (2%) and protein (2%). This dry matter content is the main determinant for processing 

quality and gives a reflection of developmental maturity (Hayes and Thill, 2002; Mehta et al., 

2011). Tuber solids are broadly assessed in terms of specific gravity and reducing sugars, which 

are physico-chemical attributes used to determine if the potato keeps its shape when cut and if it 

retains good quality when processed. 

 

2.1.1.1 Specific gravity 

 

Specific gravity is directly proportional to the dry matters in tubers, known to peak at chemical 

maturity (Feltran et al., 2004; Abong et al., 2009). High specific gravity tubers (≥1.080), 

reflecting a dry matter content of 20-24%, are desired in French fry processing as they result in a 

greater product yield per unit fresh mass and generally produce products with better texture 

(Table 2.1). Such tubers require low energy inputs during dehydration and frying, and absorb less 

oil compared with low specific gravity tubers (Burton et al., 1992; Mosley and Chase, 1993; 

Smith et al., 1997; Somsen et al., 2004). Restricted oil absorption results from the limited water 

loss, as approximately two-thirds of the water lost is replaced by oil during frying (Mosley and 

Chase, 1993). Specific gravity can be determined using two acceptable methods: the „weight-in-

air and weight-in-water‟ method or the „hydrometer‟ method (USDA, 2000). The weight-in-air 
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and weight-in-water method is most commonly used (e.g. Steyn et al., 2009); where specific 

gravity (SG) is computed using Equation 2.1: 

 

 (2.1) 

where  

 Ma = mass in air, and 

 Mw = mass in water. 

 

2.1.1.2 Reducing sugars 

 

Tubers of low sugar content are targeted for French fry production. In particular, the reducing 

sugar concentration is of importance in fried products as fructose and glucose participate in a 

Maillard reaction with amino acids to promote colour changes during frying (Hayes and Thill, 

2002). The non-reducing sugar, sucrose, has also been implicated to take part in the colour 

change in fried potato products (Leszkowiat et al., 1990). Potatoes with reducing sugar contents 

less than 0.2 g 100 g
-1

 (fmb) are considered ideal for processing (Steyn et al., 2009; Pedreschi, 

2012) (see Table 2.1). Although an upper limit of 0.5 g 100 g
-1

 is generally applied, only sugar 

concentrations below 0.06 g 100 g
-1

 have been reported not to compromise colour quality 

(Rodriguez-Saona and Wrolstad, 1997). Sugar contents greater than 2.0 g 100 g
-1 

are considered 

unacceptable for frying as sugar is known to caramelize, and can burn, at high temperatures 

(Almashi et al., 1981). Additionally, the use of potatoes with low reducing sugars is favoured as 

this has been shown to result in French fries with a low acrylamide content (Matthäus et al., 

2004; Sanny et al., 2012). The reducing sugar content is considered an indication of the 

acrylamide-producing potential in raw potatoes (Shepherd et al., 2010), and its significance in 

French fries is explained in Section 2.3.4.2. 

 

2.1.2 Tuber morphology 

 

In addition to physico-chemical attributes, tuber morphology, based on the dimensions of a tuber 

(Fig. 2.2), is considered an important parameter when selecting potatoes for processing. Potato 

tubers are categorised to be large, medium or small. 



6 

Table 2.1 Quality of French fries produced from raw tubers of differing quality 

Cultivar 

Specific 

gravity 

(g ml
-1

) 

Dry 

matter 

(%) 

Sugar Morphology 
*
Overall 

acceptability 

score (1-9) 

Reference 

Country 

Type 

Content 

(g 100 g
-1

, 

fmb) 

Shape 

Size 

 
Length 

Width 

(mm) 

Ajax 1.097 18.9 - - - - - 7.97
 

Ereifej et al. (1997) Jordan 

Cardinal 1.082 21.7 - - - - - 8.25 Shaheen et al. (1995) Parkistan 

Crystal 1.155 21.7 - - - - - 8.15
 

Ereifej et al. (1997) Jordan 

Desiree 
1.078 19.4 - - - - - 6.75 Shaheen et al. (1995) Parkistan 

- 22.2
 

- - - - 50 6.46 Abong et al. (2009) Kenya 

Diamant 1.079 20.0 - - - -  8.50 Shaheen et al. (1995) Parkistan 

Dutch Robyjn - 24.7
 

- - round - 50 6.53 Abong et al. (2009) Kenya 

Golden Purple 1.080 20.8 

Fructose 0.031 

Round-oval - 43 6.04 Abong and Kabira (2011) Kenya Glucose 0.016 

Sucrose 0.056 

Kennebec 1.153 - - - - - - 8.10
 

Ereifej et al. (1997) Jordan 

Kenya Karibu - 21.1 - - - - 50 6.07 Abong et al. (2009) Kenya 

Kenya Mpya 1.130 25.8 

Fructose 0.023 

round - 56 5.27 Abong and Kabira (2011) Kenya Glucose 0.018 

Sucrose 0.065 

Kenya Sifa - 20.9 - - - - 50 6.53 Abong et al. (2009) Parkistan 

Laal-e-Faisal 1.077 19.0 - - - - - 6.25 Shaheen et al. (1995) Parkistan 

Labelle 1.080 22.6 - - - - - 8.06 Ereifej et al. (1997) Jordan 

Liseta 1.085 21.4 - - - - - 8.28 Ereifej et al. (1997) Jordan 

Mondial 1.022 17.6 - - - - - 8.01
 

Ereifej et al. (1997) Jordan 

Norchip 1.126 20.0 - - - - - 7.83
 

Ereifej et al. (1997) Jordan 

Sante - 21.5 Reducing 0.015 - - 59 7.55 Gegov et al. (2007) Bulgaria 

Sherekea 1.090 23.7 

Fructose 0.026 

round - 50 6.81 Abong and Kabira (2011) Kenya Glucose 0.023 

Sucrose 0.055 

Sigma Gold 1.081 23.3 - - - - - 8.28 Ereifej et al. (1997) Jordan 

Tigoni - 22.3 - - Round-oval - 50 6.15 Abong et al. (2009) Kenya 

Spunta 1.191 20.7 - - - - - 8.06
 

Ereifej et al. (1997) Jordan 

Vital 1.093 23.9 - - - - - 7.29 Ereifej et al. (1997) Jordan 
* 
scored by trained panellists

 
based on the colour, texture and taste of French fries; score of 9 indicating extreme acceptance
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Large tubers generally have a width greater than 75 mm, while those between 55 and 75 mm are 

considered to be medium, and those less than 55 mm are considered small (Steyn et al., 2009). In 

the South African context, tubers that are >250, 100-250 and 50-100 g fall into these respective 

categories. Tuber dimensions can be translated into the Tuber Form Index (TFI), which is a 

measure used by processors to secure high production yields, reflecting the length and width of a 

potato (Fig. 2.1). This index is calculated using Equation 2.2: 

 

  (2.2) 

       

Figure 2.2 Potato tuber (A) external (Somsen et al., 2004) and (B) internal structure (Rommens et 

al., 2010) 

 

The TFI is used to classify tuber shape as round (<1.09), short-oval (1.10-1.29), oval (1.30-1.49), 

long-oval (1.50-1.69) or long (≥1.70) (Ekin, 2013). Medium to large tubers, that are 

oblong/long/oval-shaped, are targeted for French fry processing as they produce desired strip 

sizes (Smith et al., 1997). Even though the stipulations for the TFI may differ between 

processors, tubers yielding an index equal to, or greater than, 1.70 are generally desired in South 

Africa (Vorster, 2014). These are usually within a count range of 34-67 tubers per 10 kg bag. 

However, the use of tubers with widths below 50 mm (but >35) is considered acceptable in other 

countries (see Table 2.1) (Abbas et al., 2012). Tuber size and mass distribution tends to differ 

between cultivars (Tabatabaeefar, 2002), making the selection of cultivars producing many tubers 

within the large size-class an important standard. Additionally, the need to limit peeling losses 

A B 
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during processing leads to tubers with shallow eyes (i.e. <0.20 mm) being favoured over those 

with deep eyes (Smith et al., 1997; Abong et al., 2009). 

 

2.1.3 Defects 

 

Essentially, tubers that are turgid, free from mechanical damage, greening, sprouts and 

deformities are targeted for processing (David et al., 1983; USDA, 2000). However, the 

occurrence of external and internal defects needs consideration when choosing cultivars for 

frozen French fry processing to avoid losses. Tuber defects are typically due to physiological 

disorders, arising from unfavourable environmental and/or cultivation factors, and diseases from 

infectious biotic agents experienced by the parent plant or tubers during growth (Hochmuth et al., 

2001). These usually manifest as abnormalities in tuber shape, size, and internal and external 

colouration (Hiller et al., 1985; Secor and Gudmestad, 1999). According to the USDA standards 

(2000), the proportion of tubers exhibiting defects in a processing cultivar should not exceed 

10%, of which not more than 5 and 2%, respectively, should have defection within the vascular 

ring and freezing injury. Most defects result from disease attacks and can be detected during plant 

growth by sectioning premature tubers to determine and manage the cause, but full diagnosis can 

only be done at maturity. For a review on potato diseases, the reader is referred to Fiers et al. 

(2012). 

 

Unfavourable environmental and/or cultivation factors, inducing water, temperature and 

nutritional stress (see Section 2.2.1.2 and 2.2.1.3), have particularly been shown to result in 

malformations, with most defects detected if the stress occurs during tuber initiation and early 

tuber development (Eldredge et al., 1996; Shock et al., 1998; Hochmuth et al., 2001; Pavlista, 

2002). Translucent ends are one of the defects resulting from such stress that affect French fry 

quality and cause the most notable profit losses to processors as tubers produce French fries that 

are dark on one end, which is unacceptable to consumers (Fig. 2.3). This defect is due to an 

uneven assimilation of starch following heat or water stress, resulting in a high concentration of 

reducing sugars at one end of a tuber (Thompson et al., 2008). According to the USDA Color 

Standards for French Fried Potatoes (2007), dark ends tend to have No. 3, or a darker fry colour, 
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while the rest of the fry is of an acceptable colour. The position of the sugar end is determined by 

the developmental stage at which the tuber incurred stress (Fig. 2.3B) (Hiller et al., 1985). 

 

  
Figure 2.3 Sugar end defect (A) in a raw tuber and cooked French fries, (B) developed at 

different stages of tuber growth (Thompson et al., 2008) 

 

2.2 Factors Affecting Quality of Frozen French Fries 

 

The quality of frozen French fries results from the combined effects of pre-harvest and post-

harvest factors governing the development of the product. Although the quality of raw potatoes 

varies mainly with the genetic factor i.e. cultivar, it is also affected by factors such as the agro-

climatic conditions, agronomic practices, maturity at harvest, subsequent storage conditions and 

the processing procedures applied (Ezekiel et al., 2013). These need careful consideration 

throughout the production of frozen French fries. 

 

2.2.1 Pre-harvest factors 

 

Genotype, agro-climatic and agronomic conditions are important pre-harvest factors that direct 

tuber development. Their contribution in this respect is discussed below. 

 

 

 

A B 
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2.2.1.1 Genetic factor 

 

Although some authors refer to modern-day potato variants as „varieties‟, most are actually 

cultivars as they are created through human cultivation and are propagated vegetatively to acquire 

desired phenotypic characteristics. Cultivar is the primary factor determining the quality of potato 

products (Pandey et al., 2009; Abbas et al., 2012). Genotype influences the potential for yield, 

and the response of potatoes to both pre- and post-harvest conditions (Tajner-Czopek et al., 2003; 

Pedreschi, 2012). It essentially regulates the development of inherent characteristics such as tuber 

solids, morphology and susceptibility to defects (see Section 2.1). Therefore, instead of selecting 

potatoes, processors generally aim to acquire cultivars of suitable quality, known to produce high 

yields, to minimise the costs of processing. Russet Burbank, a late-maturing American cultivar, 

has been the standard French fry cultivar of all time since its introduction in the 1800s and still 

dominates the French fry industry, particularly in the Netherlands, Canada and in its home-

country (Gagnon et al., 2007; Kirkman, 2007). However, the use of this cultivar is limited in 

other regions due to lower yields and susceptibility to diseases (Secor and Gudmestad, 1999). 

The other popular traditional processing cultivars include Shepody, Maris Piper, Pentland Dell 

and Bintje (Table 2.2); and Agria, Asterix, Fontane, Felsina, Innovator, Markies, Lady Olympia, 

Ramos, Santana, and Victoria have been developed over the years for industry improvements 

(Keijbets, 2001). 

 

Table 2.2 Selected established processing cultivars from Europe and North America (Kirkman, 

2007) 

Cultivar Origin Parentage Year registered 

Russet Burbank
*
 USA Seedling of Early Rose 1876 

Pentland Dell
*
 UK Roslin Chania x Roslin Sasumua 1960 

Maris Piper UK (CPC 1673 x Ulster Knight) x (Arran Cairn x Herald) 1966 

Shepody
*
 Canada Bake King x F58050 1980 

Umatilla Russet
*
 USA Butte x A77268-4 1995 

* 
Also produced in South Africa 

 

Originally, the potato plant is from the South American heartland, in the Andes mountains; but 

the crop is now cultivated under a wider range of geographical conditions, in 80% of the 

countries worldwide (Graves, 2001). The introduction of new cultivars in different regions across 

the world is well-documented in the literature. However, breeding programmes are often directed 
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towards improving yields and developing late blight resistance (e.g. Rauscher et al., 2006; Yao et 

al., 2011; Bradshaw et al., 2009; Xin et al., 2012) than processing quality (Love et al., 1998; 

Bradshaw, 2007; Barrell et al., 2013). This trend in priorities has been reported by the 

International Potato Centre to be consistent in developing countries (Fuglie, 2007). In South 

Africa, the locally bred cultivars Vanderplank and BP1, and Up-to-Date, Hertha, Caren, 

Avalanche and Shepody are traditionally used in French fry production (Knight et al., 2007). 

Frozen French fry processors use Pentland Dell and Fianna, and have recently also adopted 

Innovator and Markies, as they perform better compared with other cultivars. Occasionally, new 

cultivars are bred and imported into the country but often do not meet the standard quality 

required by processors (Vorster, 2014). Adopted cultivars generally result in lower yields in the 

region because of original adaptations to northern hemisphere conditions (Fig. 2.4), where 

cultivation is facilitated by modern methods and higher chemical inputs (Levy and Veilleux, 

2007; Bradshaw, 2009).  

 

 

Figure 2.4 Countries producing the highest potato yields in 2013 (FAO, 2014a) 

 

2.2.1.2 Agro-climatic conditions 

 

Agro-climatic factors are mainly determined by the location of the region of potato production, 

which frames day-lengths, minimum and maximum temperatures, and the amount of annual 
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rainfall (Jiménez et al., 2009). Although the potato crop originated from a South American 

region, which is characterized by short day-lengths, high light intensity, cool temperatures and 

relatively high humidity, most present-day varieties are adapted to long the day-length conditions 

found in Europe  (Levy and Veilleux, 2007; Silver, 2013). Therefore, a temperate climate is 

essential for optimal growth (du Plessis and Steyn, 2003). Day-length governs the photoperiod 

for plants, which, in turn, influences tuber initiation (Silver, 2013). Accordingly, long-day 

conditions produce a higher yield due to extended periods of photosynthesis and efficient 

translocation of assimilates to tubers (Levy and Veilleux, 2007). This is valuable for the 

assimilation of the dry matter contents required to produce quality French fries (Faulks and 

Griffiths, 1983). The temperature at the region of production impinges on this factor, as day-time 

temperatures around 20ºC and night-time temperatures around 15ºC are most favourable for tuber 

growth (Thornton, 2002). At higher temperatures, a greater proportion of the dry matter produced 

is allocated to the leaves as the direction for storage of photosynthates changes (Wolf et al., 

1990). However, potato development can be supported by maintaining an adequate and uniform 

water supply under such circumstances to alleviate temperature stress (Haverkort, 1982). The 

ideal soil temperatures for planting potatoes are above 7°C and below 21°C, provided that the soil 

is suitably moist (FAO, 2013; DAFF, 2014). 

 

The availability of water is the most important agro-climatic factor that can limit the yield and 

quality of potatoes since potato plants have a sparse and shallow root system (0.5-0.6 m; Opena 

and Porter, 1999; Xie et al., 2012; Cantore et al., 2014; Carli et al., 2014). The volume of water 

required for optimum growth varies with cultivar, depending on the maturation period, soil type 

and the climatic conditions in a region. Generally, the crop requires 500-700 mm of water (FAO, 

2013). Tuber yield and quality is negatively affected when soil water contents fall below 65% of 

the field capacity (Geofrey et al., 2014). Most regions cannot meet this requirement through 

natural rainfall during a production season and require irrigation to avoid water stress and 

optimise yields; e.g. Lanzhou, receiving 68 mm of rain in 2009, resulted in lower yields 

compared with Hohhot, receiving 149 mm (Fig. 2.5). Since rainfall is distributed unevenly across 

regions and differs from year to year, the degree of irrigation required also varies with region and 

time (Makaraviciute, 2003; Benhin, 2008). In South Africa, the average annual rainfall is 450 

mm and most production is supplemented by irrigation (PSA, 2014). Since the country is 
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characterised by a temperate climate, cultivation is mainly done in summer, in regions that 

experience unfavourably cool winters, and in winter, in regions that experience unfavourably hot 

summers (PSA, 2014) 

 

Water stress can result in reductions in marketable yield, tuber number per stem and average 

tuber weight, as these have a bearing on the transpiration, carbohydrate translocation and 

production, and respiration of the crop (Lynch et al., 1995; Pavlista, 2002). Tolerance to the 

stress varies with the growth stage of the tuber and sometimes can result in produce with defects, 

such as growth cracks or hollow hearts (Hiller et al., 1985; Secor and Gudmestad, 1999; Eldredge 

et al., 1996; Karafyllidis et al., 1996). Moisture stress is specifically detrimental during the 

formation and growth stages of tubers (Lynch et al., 1995; Lutaladio and Castaldi, 2009). Severe 

stress may lead to disorders like the sugar-ends, which become evident after processing (Figure 

2.3). Disorders can result from too much, too little or an inconsistent water supply during 

cultivation. Compromise in tuber quality often results in a reduction in specific gravity and starch 

content even if the water stress is for short periods, which automatically affects the quality of 

tubers and hence the quality of fries (Haverkort, 1982; Iwama, 2008). Moreover, water stress, just 

like elevated temperatures, can reduce the intrinsic dormancy period of tubers after harvest, but 

this is often evaded by cultivating under irrigation (Theron, 2003). 

 

 

Figure 2.5 Yield response of three cultivars under differ watering regimes in semi-arid regions 

(Hohhot [A] and Lanzhou [B]) in northern China (Xie et al., 2012) 
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2.2.1.3 Agronomic practices 

 

Agronomic factors that affect the quality of potatoes are broadly related to the soil profile used to 

plant potatoes. These include the soil composition, pH and history of use, which determine plant 

nutrition and exposure to diseases and pests (Graves, 2001; Silver, 2013). Ideally, loose loamy 

and sandy loam soils with sufficient organic matter are most appropriate, but potatoes adapt well 

in different types of soil. The crop is also tolerant even to a wide range of pH levels. The best 

produce is achieved from well-drained and aerated soils, that are at least 600 mm in depth or 400 

mm for production under irrigation, with a pH greater or equal to 5 (du Plessis and Steyn, 2003; 

Black, 2008). Soil aeration in potato plantations is important for gaseous exchange, as soil 

compaction often harms tuber development if the tubers cannot get sufficient oxygen. However, 

where soil aeration is not sufficient, soil is prepared well before planting the crop and disturbance 

is kept to a minimum after planting (Lutaladio and Castaldi, 2009). The best soil water content 

suggested is that with a field capacity of around -10 kPa, which should not drop below -30 to -40 

kPa in sandy soil or -40 to -55 kPa in loamy soils (Steyn, 2011). Usually, potatoes are grown as a 

rotation crop and are mainly rotated with maize and wheat, for soil health maintenance. The use 

of industrial fertilizer and disease and pest control chemicals is often necessary for optimal 

yields; and it has been reported that though this may not affect the tuber dry matter content, it 

may decrease the sugar content and therefore compromise the quality of fries (Hamouz et al., 

2005). Interestingly, organic fertilizer results in lower yields compared to industrial fertilizer, but 

can have a favourable effect on the potato final product quality characteristics, such as starch, as 

well as the dry matter content of tubers, depending on cultivar and climatic conditions 

(Makaraviciute, 2003). Soil pH is often optimised by liming if it is lower than required. 

 

Inadequate and inconsistent plant nutrition has been shown to result in tubers of compromised 

processing quality. For example, deficiencies or excesses in phosphorus, nitrogen, or potassium, 

specifically when coupled with high temperatures or poor water management practices, can result 

in the formation of brown centres and hollow hearts (Hegney, 2001; Stark et al., 2003; Tourneux 

et al., 2003; Karenlampi and White, 2009; Geofrey et al., 2014). Such tubers may be of low 

specific gravity and may appear darker in colour, with black spot bruising at harvest. 
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The use of fungicides and pesticides is often required in potato cultivation to ensure quality of 

resulting tubers. This is because potato plants and tubers are vulnerable to attacks by a wide range 

of pests and diseases which may be of a viral, bacterial, fungal or insect nature (Black, 2008). 

The profile of pathogens of threat varies with cultivar, farming practices, regional climate and 

irrigation programme. Mitigation strategies to improve plant health and promote for maximum 

yield acquisition are often required, and producers often resort to chemical usage. The most 

common interferences in South Africa are from late and early blight, scab, nematodes, and leaf 

miners (Black, 2008). Late blight poses the most serious threat to increased potato production, 

particularly in the warmer and tropical regions. The occurrence of diseases can be worsened by 

sub-optimal soil moisture or irrigation regimes (Shock et al., 2007). Generally, the main source 

of disease and pest infection is the seed, because most seed-borne diseases are systemic, but this 

is easily avoided by using certified seed when planting is initiated (Lutaladio and Castaldi, 2009). 

 

2.2.2 Tuber harvest maturity 

 

Tuber harvest maturity is an important factor in French fry processing since it determines the 

specific gravity and reducing sugar content (Sowokinos and Preston, 1988; Pavlista, 2002; Mehta 

et al., 2011). Potatoes purposed for French fry processing are often harvested at full physical 

maturity since it relates to physiological and chemical maturity (Hayes and Thill, 2002; Abong et 

al., 2009; Pringle et al., 2009). Tuber physical maturity is marked by shoot death in the potato 

plant and is accompanied by tuber skin setting (Pavlista; 2002; Kumar et al., 2004). This usually 

coincides with physiological and chemical maturity, which is characterised by reductions in 

respiration rates and an increase in cellular structural support (cell walls) and dry matter 

(Sowokinos and Preston, 1988; and Stephan-Beckmann, 1997). Potato cultivars are generally 

classified according to the length of the maturation period when planted as it varies distinctly 

(Silver, 2013). A cultivar will either be early (90-120 days), medium (120-150 days) or late (150-

180 days) maturity (FAO, 2013). These normally translate to less than 90, 90-110 and 110-150 

days, respectively, under South African conditions. Initially, tubers have low dry matter, which 

coincides with high sugar contents in their early development. These properties change 

conversely throughout development, such that the sugar content subsides, as sugars are converted 

to starch, and is at its lowest at full chemical maturity (Feltran et al., 2004); but occur in reverse 
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during storage (see Section 2.2.3.2). Although changes in free sugar occur in parallel, sucrose 

generally occurs in much higher concentrations than fructose and glucose (Kolbe and Stephan-

Beckmann, 1997; Kumar et al., 2004). Although physical maturity is not always correlated to 

chemical maturity, harvesting at physical maturity also makes tubers less prone to mechanical 

damage due to skin setting, which, in turn, reduces the chance of infection by pathogens (Sabba 

et al., 2007). 

 

2.2.3 Post-harvest factors 

 

Post-harvest factors that affect the quality of frozen French fries are related to post-harvest tuber 

handling, storage and French fry processing operations. Sub-optimal post-harvest practices have a 

negative effect on tuber quality and need to be monitored, as the damage incurred can be 

cumulative. 

 

2.2.3.1 Post-harvest handling of fresh potatoes 

 

Potatoes require careful handling during harvest, to avoid mechanical damage and maintain 

maximum quantity and quality for the purpose of meeting consumer demands after processing. 

Bruising and skinning are known to be the greatest concern when handling tubers and this can be 

restricted by harvesting only when the pulp temperature is between 10 and 15°C and the soil is 

not excessively wet or dry (Knowles et al., 2009). While cultivars of higher specific gravity have 

been reported to have a lower bruising resistance, mechanically damaged potatoes can be cured 

by holding at temperature regimes within this range after harvest (Baritelle and Hyde, 2003). 

 

2.2.3.2 Storage conditions of fresh potatoes 

 

Immediately after physiological maturity, potatoes remain dormant until ready for sprouting. The 

dormancy period is specific to cultivar, ranging from four weeks to over three months (Pringle et 

al., 2009; Silver, 2013). Over this phase, the quality of tubers changes relative to the storage 

temperature and the rate of physiological aging (Hertog et al., 1997). Storage of potatoes 

intended for processing is often not recommended as this allows for biochemical and 
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physiological changes like senescent sweetening to occur, which eventually affects the fry colour 

due to progressive increases in reducing sugar contents (Sowokinos and Preston, 1988; Roe et al. 

1990; Sonnewald, 2001; Knowles et al., 2009). Senescent sweetening is an irreversible process 

resulting from the conversion of starch to sugars, which translates into decreases in the specific 

gravity of potatoes (Fig. 2.6). This process, coupled with physiological aging, is detrimental to 

the nutritional and processing quality of potatoes (Suttle, 2004). Physiological aging of harvested 

potatoes has been associated with the break-down of cell membranes, leading to a compromise of 

structural order and the leaching of soluble components, in some instances (Sowokinos and 

Preston, 1988; Turnbull and Cobb, 1992). Other structural changes include the degradation of 

proteins, pectin and hemicelluloses; which broadly affects the texture of French fries during and 

after processing (Turnbull and Cobb, 1992). Agblor and Scalon (2002) reported that potatoes that 

had been stored for three months resulted in fries that were of an undesirable (dark) colour, but 

were firmer in texture, compared with those stored for a month. 

 

 

Figure 2.6 Changes in sucrose content during tuber development and storage at 10°C (after 

Sowokinos and Preston, 1988) 

 

Cultivars that are early maturing typically have short storage dormancy and this necessitates that 

processing commence shortly after harvest. However, late maturing cultivars usually have longer 
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dormancies and can be processed over several months (Mosley and Chase, 1993; Baritelle and 

Hyde, 2003). In such cases, storage should be at temperatures between 8-12°C (Fig. 2.6), since 

storage at temperatures outside this range has been reported to result in rapid increases in 

reducing sugar content and, therefore, the acrylamide-producing potential (Brown et al., 1990; 

Edwards et al.; 2002; Matthäus et al., 2004). Storage at high temperatures particularly enhances 

dormancy break and promotes sprouting, if no inhibitors are applied (Burton et al., 1992; 

Sonnewald, 2001). Interestingly, it has been observed that such changes do not occur during the 

first three days, if storage is at low temperatures (Sieczka and Maatta, 1986), and a degree of 

cold-induced sweetening can be reversed by a subsequent increase in storage temperature, 

depending on the cultivar (Pritchard and Adam, 1994; Love et al., 1998; Edwards et al., 2002). 

However, if the potatoes have been subjected to excessive cold storage, reversal may be 

ineffective to cure the condition, as tissue damage, leading to rotting may have occurred (Kumar 

et al., 2004). 

 

2.2.3.3 Frozen French fry processing operations 

 

Several food unit operations are involved in the processing of frozen French fries; the most 

common and basic unit operations are blanching, partial drying, par-frying, freezing and 

packaging (Fig. 2.7). Each of these operations is important for developing a French fry product of 

good quality (Agblor and Scanlon, 2000). Usually, cleaning is a preliminary unit operation, once 

potatoes have been acquired from a producer. Tubers are washed to remove remnant soil from the 

surface and to loosen the peel. Once cleaned, potatoes are peeled, cut and thermal processed. 

Ideally, the goal in thermal processing is to achieve a French fry that is light in colour, with a 

texture that is crisp on the outside but mealy on the inside, and with minimum oil. Fully 

automated frozen French fry production lines usually produce a yield of approximately 50%, 

requiring 30-50 tons of raw potato to produce 15-25 tons per hour (Keijbets, 2001). 
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Figure 2.7 Industrial unit operations used to produce frozen French fries 

 

2.2.3.3.1 Blanching 

 

Blanching is often the first step in thermal processing, whereby potato strips are heated (60-85ºC) 

for a short period to inactivate enzymes and condition strips for uniform colour development 

(Tajner-Czopek et al., 2008). While different blanching mediums have been suggested, hot water 

and steam are still commonly used, to inactivate enzymes associated with browning during 

frying. Water is favoured over steam blanching as it allows for reducing sugars to leach out, 

which is the major contributor to colour development during frying (Kaymak and Kincal, 1994; 

Mestdagh et al., 2008). However, undesirable effects such as the compromise in nutritional value 

result from this procedure (Arroqui et al., 2002). This has motivated studies that aim to develop 

other blanching techniques, such as the use of infrared blanching, to avoid the rinsing effect of 

water (Bingol et al., 2014). These studies have shown that, even though infrared blanching does 

not pose a strain on the cost of operation compared to hot water or steam blanching, the technique 

hastens the rate of water loss and colour development during the subsequent deep-fat frying 

operation. Blanching techniques can be improved by immersing potato strips in different types of 

solution e.g. NaCl, asparaginase, glucose, sodium pyrophosphate solution or citric acid, rather 

than water, to improve and regulate colour development and to reduce the ultimate acrylamide 

content formed in the product (Bunger et al., 2003; Pedreschi et al., 2007; 2008). 
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Blanching partially cooks French fries and, therefore, reduces the subsequent cooking time and 

energy required when processing (Moreira et al., 1999). Blanching can be done at different 

temperatures (low or high) to influence textural quality and oil uptake in the final product (Ufheil 

and Escher, 1996; Agblor and Scanlon, 1998; Moreira et al., 1999; Aguilera and Gloria, 2000; 

Bunger et al., 2003). Long blanching times combined with high temperatures are usually avoided 

as they have been reported to lead to the loss of nutritional value of fries, by promoting the 

leaching of vitamins, particularly ascorbic acid (Arroqui et al., 2001; 2002; Haase and Weber, 

2003). The options in blanching regimes often lie between low-temperature long-time (LTLT) 

and high-temperature short-time (HTST) blanching. However, LTLT blanching has been shown 

to result in a better textural quality in fully-processed fries than HTST blanching, even though 

HTST causes a greater improvement in colour quality (Table 2.3). 

 

Table 2.3 Effects of different unit operation regimes on the colour and texture quality and 

moisture loss of French fries (Agblor and Scalon, 2000) 

Unit operation *
Colour 

(Hunterlab L 

value) 

*
Texture 

Moisture 

loss (%) Name Regime 
Temp 

(°C) 

Time 

(min) 

Peak 

force(N) 

Peak 

deformation 

(mm) 

Blanch 

Standard 85 2 50.7 2.61 4.63
b 

- 

LTLT 70 10 55.2 2.76 4.83 - 

HTST 97 2 53.2 2.30 4.72
b 

- 

Par-dry 

Standard 70-120 10-15 50.7 2.61 4.64 19.2
d 

LTLT 70 10 49.0 2.47 4.30 17.3 

HTST 100 20 50.1 2.31 4.00 18.1
d 

Finish-

fry 

Standard 166 2.5 50.7
a 

2.66 4.65
c 

26.7 

LTLT 166 3.5 50.4
a 

2.72 4.80
c 

31.3 

HTST 182 1.5 53.1 2.51 4.59
c 

22.9 

All samples were par-fried (182°C; 1 min), frozen (-20°C; 30 min) and stored (-20°C). Higher values 

indicate better quality; values with the same letter are non-significantly different; 
* 

variables explained in 

Section 2.3.2 

 

2.2.3.3.2 Partial drying 

 

After blanching, the product is partially dried with warm air to remove excess moisture, so as to 

reduce oil uptake and improve texture quality (Krokida et al., 2001b; Pedreschi and Moyano, 

2005; Choe and Min, 2007; Sanz et al., 2007). Drying has been shown to increase the initial tuber 

solids content (Gupta et al., 2000; Krokida et al, 2001b), which promotes the development of 
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crispness in French fries during frying (Franke et al., 2005; Barrera et al., 2007; Gökmen and 

Senyuva, 2007). However, an increase in drying time has been reported to have a negative effect 

on colour development during frying and, therefore, should be monitored effectively (Krokida et 

al, 2001b). 

 

2.2.3.3.3 Par-frying 

 

This procedure comprises deep-fat frying the potato strips in oil, which further cooks the fries 

and causes them to lose up to 30% of their water. Par-frying is done at high temperatures (140-

180°C), depending on the desired quality of the product (Keijbets, 2001). However, Grob et al. 

(2003) cautioned that these temperatures should be around 140°C, to restrict acrylamide 

formation. During frying, physical changes occur, such as the gelatinization of starch and the 

denaturation of proteins. These are accompanied by the partial loss in moisture content 

mentioned above, which result from evaporation during an increase in temperature, and occur in 

parallel with the development of taste. This has been shown to be of particular importance in 

initiating the crispiness of the exterior surface of French fries, as the effects of par-frying could 

not be compensated, even by increases in the finish-frying temperature, if this step was missed 

(Sanz et al., 2007). 

 

2.2.3.3.4 Freezing 

 

The freezing operation follows par-frying during frozen French fry processing. French fries can 

either be frozen rapidly (cryogenically) or slowly (mechanically). However, the rate of freezing is 

another factor that influences the oil content in the final product (de Kock et al., 1995). 

Cryogenic freezing restricts the amount of water lost by the fries and limits structural damage, 

when compared to mechanical freezing, thus resulting in fries of better quality (Kawabata et al., 

1976). In addition to these procedures, (thin or thick) low-moisture level coating can be applied 

on the fries to further reduce oil uptake during processing, before packaging and storage 

(Mellema, 2003). In this regard, Khalil (1999) reported oil reductions in French fries coated with 

sodium alginate or pectin, which developed a superior quality of sensory attributes.  
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2.2.3.3.5 Packaging and frozen storage 

 

For frozen storage flexible films with low vapour transmission capacity are recommended for 

preserving quality in French fries. Commonly used packaging films include those of flexible 

polyethylene and polyvinylidene quality, to minimise moisture loss and provide a desirable 

barrier to mechanical damage (Brown and Morales, 1970; Tharanathan, 2003). Although there 

are no reports of studies dedicated to research regarding the effect of packaging material on the 

quality of frozen French fries, suggestions by Petersen et al. (1999) support the suitability of such 

material as it has a low gas composition and provides a good barrier against water and oxygen to 

limit deterioration. Studies that include the frozen storage of French fries often refer to the use of 

high-density polyethylene bags (e.g. Brown and Morales, 1970; Agblor and Scalon, 2000). 

 

Frozen French fries can be kept for various periods depending on fry size, with some authors 

documenting storage of up to 24 months, but commercial processors prefer to store only up to 9 

months at -18°C (Petersen et al., 1999; Keijbets, 2001). The principles that allow for long-term 

storage in par-fried fries involve the lack of enzymatic activity since enzyme systems are 

destroyed during the blanching and frying procedures, which then affords stability in tissues until 

the material is thawed (Lisińska and Golubowska, 2005). Microbial growth is not a concern at 

such temperatures, but temperature fluctuations during storage are known to shorten shelf-life 

and accelerate deterioration (USDA, 2000). However, the quality of oil in fries does not 

deteriorate during frozen storage (Martin-Polvillo et al., 1996). Moreover, frozen storage has 

been found to result in fries with a higher oil content, compared to chilled and freshly-prepared 

French fries (O‟Connor et al., 2001). 

 

2.2.3.3.6 Final frying 

 

The storage operation is then followed by consumer preparation, referred to as „finish-frying‟, in 

which temperature plays a central role as it regulates the development of crispiness and 

influences the formation of acrylamide (Grob et al., 2003). Consumer preparation can be done 

mainly through the oven-baking, microwave heating or the deep-fat frying method (Keijbets, 
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2001). However, the deep-fat frying technique is the most popular operation in the processing 

food frying industry. Another less common approach, called radiant heating, has been introduced; 

which basically uses electromagnetic thermal energy to heat the surface of materials (Siegel and 

Howell, 2002; Lloyd et al., 2004). The oven method involves heating the product at a set 

temperature for a specific period of time in an oven, with the time dependent on the size and the 

sugar content of the potato strips. This usually requires temperatures around 190°C to 220°C, 

depending on whether the air circulatory system is functioning in the oven (Grob et al., 2003). 

The deep-fat preparation method is often used on French fries intended for institutional use, and 

involves immersing the fries in oil heated above the water boiling point (Hubbard and Farkas, 

1999). This method allows for the development of attractive sensorial attributes and important 

structural properties in potatoes, which are the main reason supporting its preference (Krokida et 

al., 2000a; b; 2001a). Oven-baking has been particularly linked with a lower retention of 

nutritional value (e.g. vitamin C), when compared with frying (Fillion and Henry, 1998). Ideally, 

deep-fat frying should occur at an initial oil temperature of around 170°C (100 g potato L
-1

 of oil; 

Grob et al., 2003) to limit the formation of acrylamide while the temperature is high enough to 

allow for the development of crispiness (Fiselier et al., 2006). Most of the oil absorbed by fries 

during frying is retained in the crust (outer layer), and contributes towards colour development 

(O‟Connor et al., 2001). 

 

2.3 Quality Assessments of Frozen French Fries 

 

Many studies report French fry quality assessments as a subjective measure of the physical and 

sensory characteristics.  Evaluations are carried out by trained panellists using a hedonic scale to 

score the acceptability of the fries (Shaheen et al., 1995; Ereifej et al., 1997; Abong et al., 2009; 

Pandey et al., 2009; Abong and Kabira, 2011; Abbas et al., 2012). Appearance and taste are 

considered the most prominent attributes, making the moderation of specific gravity and reducing 

sugar content a necessary factor in product development (Mosley and Chase, 1993; Steyn et al., 

2009). Even though a processor may use a specific criterion to select tubers of suitable processing 

quality, the most satisfactory method of determining the quality of raw tubers is to subject a 

representative sample to procedures similar to those that will be used when processing French 

fries (Hui, 2003). This allows for the tentative product to be assessed against what is known to be 
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of acceptable standard for a French fry, and these may differ across processors since the 

procedures used for processing also differ. 

 

2.3.1 Physical quality 

 

The most obvious attribute, which is notable to the consumer when assessing the quality of 

French fries, is consistency. This feature is comprised of the size, colour, texture and proportion 

of fries, which, when uniform, enhance the appearance of the product. However, its significance 

is often assumed and not mentioned. Consistency in the presented product is largely affected by 

processing treatment parameters (Tajner-Czopek et al., 2007), with the thoughtful selection in 

parameters contributing to the good quality of products as well as improvement of those 

properties that do not meet the standard (Lisińska and Leszczyński, 1989). Fry size is usually 

varied in response to customer requirements, whereas colour standards have been consistent over 

time. Fry colour and texture uniformity serve as attraction features; and the desirable standards 

are discussed in Section 2.3.2 below. 

 

2.3.2 Sensory quality 

 

After visual evaluation, sensory attributes become prominent features to consumers when 

evaluating the acceptability of potato products. These attributes are related to the colour, texture 

and oil content; which are determined by the biochemical and mechanical changes that occur 

during processing, and result in the final chemical status of French fries (Moreira et al., 1999; 

Bouchon, 2002; Bourne, 2002; Szczesniak-Surmacka, 2002; Saguy and Dana, 2003). 

 

2.3.2.1 Colour 

 

Generally, a light cream to a golden brown French fry colour is desired. French fry colour tends 

to change from light to brown, through non-enzymatic browning, depending on the reducing 

sugar content and amino acids during processing (Roe et al., 1990; Roe and Faulks, 1991; 

Ezekiel et al., 2003; Pedreschi, 2009). The degree of colour development is influenced by frying 

oil temperature, time and fry thickness (Krokida et al., 2001c). French fries lose their lightness 
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more markedly if strip size is smaller, with prolonged frying and at high frying temperatures. 

Generally, processors align their raw potato contracts to a standard similar to that shown in the 

USDA Color Standards for Frozen French Fried Potatoes (2007), where fry colours up to No. 2 

are acceptable. Supplementary, French fry colour comparisons are often assessed using 

colorimeters, to get a measure of lightness, redness and yellowness (given as L*, a* and b* 

measurements in the CIELAB colour space). The measure of lightness alone allows for the 

adequate distinction in fry colour, even though such assessment can be represented on a three-

dimensional scale (McGuire, 1992).  

 

2.3.2.2 Texture 

 

Texture acceptability is predominantly a subjective measure and fries with a crisp outer crust, 

while maintaining a soft mealy interior, are desired (Talburt et al., 1987). Qualitative 

measurements of this characteristic serve as comparative assessments between different 

processing treatments (Agblor and Scalon, 2000; Abong et al., 2009). These are usually carried 

out with texture analysers, to determine the peak force (N; i.e. the maximum force needed to 

penetrate the French fry) and peak deformation (mm; i.e. deformation induced at peak force), 

which gauge the crispiness of a fry. Textural quality is mainly determined by the tuber solids 

content in fresh potatoes, encompassing specific gravity, starch content and other non-starch 

components. Processing operations, such as blanching, partial drying, osmotic treatments, 

coatings and frying temperature and time (see Table 2.3), influence the development of texture in 

French fries, and French fry texture has been shown to increase with an increase in the content of 

saturated fatty acids in frying oil (Kita and Lisińska, 2005). Although, uniformity in quality is 

ideal, a batch of fries will have subtle quality variations arising from structural differences within 

a tuber (Fig. 2.2 B). Rommens et al. (2010) reported that fries from the outer region of the potato 

tend to have better sensory characteristics due to the inner (pith and perimedulla) region having a 

higher moisture content. Likewise, Agblor and Scalon (2000) earlier reported that fries produced 

from the stem end region were of a better quality than those from apical region. This, then, forms 

the basis for any textural differences in French fries produced from the same tuber. 
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2.3.2.3 Oiliness 

 

Oil contents in French fries are one of the main concerns to consumers as high oil consumption 

has a negative impact on human health (Andre et al., 2007). Although the upper limit oil content 

in foods is set to be 35%, French fries usually have oil contents up to 15% as processors aim to 

produce products with the lowest amount of oil possible (Moreira et al., 1999; O‟Connor et al., 

2001; FAO, 2014b). The oil absorption potential in French fries mainly varies with cultivar as a 

response to the dry matter content (Fig. 2.8), and oil uptake generally increases at low frying oil 

temperatures and long frying times (Moreira et al., 1999; Kita and Lisińska, 2005). Changes in 

the oil content of potato strips during processing are inversely correlated to changes in moisture 

content, with the finish-frying step (inducing most dehydration) having the most influence on the 

reduction of the final fry oil content (Krokida et al., 2001a;b; Romani et al., 2009). The quality of 

frying oil also contributes towards the rate of absorption and final oil contents (Kita and Lisińska, 

2005); and is discussed in Section 2.3.4.1. Over 80% of the oil found in fries has been shown to 

originate from the finish-frying step, which makes the parameters of this unit operation important 

to the final oil content in French fries (O‟Connor et al., 2001). 

 

 
Figure 2.8 Oiliness of French fries produced from cultivars of different dry matter content 

(Abong et al., 2009) 
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2.3.3 Nutritional value 

 

There are differences in the nutritional value of potatoes between cultivars, as can be explained 

by differences in physico-chemical properties of fresh potatoes (Jiménez et al., 2009). These can 

change significantly during storage and cooking. Potato processing can result in the loss of health 

promoting properties in different products (Liu et al., 2007). Although nutrient content depends 

on a number of factors, the potato cultivar is thought to be among the most significant factors, 

followed by the storage period and the method of processing (Burlingame et al., 2009; Jiménez et 

al., 2009; Murniece et al., 2011). Ascorbic acid and protein reductions are the main concerns 

reported in French fries (Haase and Weber, 2003). The compromise in nutritional benefits can be 

regulated and mainly alleviated by selection of nutrient-rich cultivars and optimisation of 

processing procedures. 

 

2.3.4 Implications on human health 

 

There has been an increasing interest in the use of the nutrient-rich potato, because population-

based epidemiological studies have stressed the important role of diet and lifestyle in the 

emergence of many degenerative chronic diseases such as cancers and cardiovascular diseases 

(Andre et al., 2007). Oil intake is generally the main concern associated with fried foods as it can 

have negative implications on human health. Increased intake of some oils and acrylamide has 

been implicated in the emergence of some diseases (Andre et al., 2007). However, this concern 

can be alleviated if the oil quality, mechanism of oil, coating, and industrial conditions during 

processing is improved (Ufheil and Escher, 1996; Saguy and Dana, 2003). 

 

2.3.4.1 Frying oil selection 

 

Oil selection is an important consideration in French fry production, secondary to cultivar 

selection (Keijbets, 2001). This is because oil is one of the ingredients in French fries and its 

properties change during frying leading to deterioration. Frying oil deterioration is mainly driven 

by thermo-oxidative, hydrolytic and polymeric reactions that occur due to the exposure of oil to 

heat, water and oxygen (Choe and Min, 2007; Farhoosh and Tavassoli‐Kafrani, 2011; Chiou et 
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al., 2012). Oil deterioration rate differs between oils depending on the chemical make-up but, 

essentially, is characterised by a decrease in the amount of unsaturated fatty acids and an increase 

in total saturated and free fatty acids, and colour viscosity (Choe and Min, 2007). An increase in 

volatile polymers and, to a greater degree, polar and cyclic compounds occurs in the oil medium 

during frying (Ziaiifar et al., 2008). Deterioration is a concern in the French fry industry as it 

aggravates the content of saturated fatty acids and trans fatty acids (TFA) absorbed by French 

fries (O‟Connor et al., 2001). Although moderately deteriorated frying oil yields the best frying 

results, the recommended upper limit of saturated fatty acid intake in foods is 10% (Stier, 2013; 

FAO, 2014b). Therefore, frying oil deterioration for French fries is monitored and the oil used is 

selected based on its susceptibility to thermal deterioration, with oils that have good oxidative 

stability (i.e. have low saturated fatty acids). Oils of a good oxidative stability produce healthier 

fries owing to comparatively low saturated fatty acids and TFA formation, but their selection is 

confounded by nutritional requirements (Romero et al., 2000; Petersen et al., 2013). 

 

Palm, sunflower and canola oils are popular choices in the food frying industry (Keijbets, 2001). 

However, oils from modified plants such as high oleic sunflower and canola oils are considered 

better alternatives to these because of high monounsaturated fatty acid (oleic acid) contents, but 

their use is limited by high costs (Martin-Polvillo et al., 1996; Petersen et al., 2013). Oils with a 

high content of polyunsaturated fatty acids present more favourable nutritional benefits, but have 

an inferior oxidative stability (Ziaiifar et al., 2008). Repeated oil use has been shown to 

exacerbate oil deterioration, resulting in an increase in TFA (Table 2.4), even though Kalogianni 

and Smith (2013) showed that this effect is insignificant on the amount of oil absorbed when the 

oil was used four times (heated for a maximum of 46 hours at 182°C). Since oil absorption is 

higher when the amount of saturated fatty acid increases, regular changing of the oil is necessary 

in commercial production of fried products if addition of antioxidants is not considered (Romero 

et al., 1998; Mellema, 2003; Houhoula et al., 2004; Kita and Lisińska, 2005). Often, the 

percentage of polar compounds and polymers formed is used to identify the discard point of 

frying oils, with the commonly used upper limits being 25 and 12%, respectively (Stier, 2013). 

Aladedunye and Przybylski (2009) showed that canola oil maintained a total polar component 

below 20% when used for repeated frying at 185°C for a total of seven days without 

replenishment. 
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Various alternative procedures to deep frying have been explored, which attempt to reduce the oil 

content in fries e.g. the brief immersion of potato strips in an oil bath, spraying the strips with oil, 

hot-air frying and even cooking without the oil (Sloan, 2006; Maguire, 2011). However, these 

techniques compromise the sensory aspects of the product such as crust formation, palatability 

and colour development. 

 

Table 2.4 Trans fatty acids (TFA) in par-fried frozen French fries finish fried in oil used for 

repeated cycles, with or without frequent replenishment (Romero et al., 2000) 

Oil type Replenished TFA concentration (mg per 140 g) 

No finish-frying 8 cycles 20 cycles 

Sunflower - 45.2 71.3 129.0 

Sunflower + 45.2 68.6 113.0 

High oleic sunflower - 20.8 38.9 96.5 

High oleic sunflower + 20.8 38.7 86.4 

Extra virgin olive - 45.2 64.4 110.8 

Extra virgin olive + 45.2 56.9 124.3 

 

2.3.4.2 Acrylamide intake 

 

In addition to the concerns about the oil quality and content found in fried products, the detection 

of high amounts of acrylamide in French fries has changed the attitude of consumers towards this 

food (Tareke et al., 2002). High acrylamide contents have been correlated to the development of 

the deep brown French fry colour (Fiselier and Grob, 2005; Pedeschri et al., 2006; Vinci et al., 

2010; Sanny et al., 2012), and have been detected in other carbohydrate-rich foods cooked at 

high temperatures (>100°C; Vinci et al., 2012). Acrylamide in food is formed through the 

Maillard reaction during frying, baking or roasting, with reducing sugars and asparagine as the 

main precursors (Mottram et al., 2002; Amrein et al., 2003; 2004; Becalski et al., 2004; Stadler et 

al., 2004). Although, the organic compound is biodegradable and has well-known industrial 

applications, e.g. in water purification, the production of polyacrylamide gels and as a paper-

making additive and soil-conditioning agent, dietary exposure is known to have carcinogenic 

effects (Tareke et al., 2002; Franke and Strijowski, 2011). 

 

The World Health Organization (WHO) and the EU Scientific Committee on Food have called 

for reduction measures, denoting ≤600 μg kg
-1

 as the acceptable acrylamide level in French fries 
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(Food Survey Information Sheet, 2012). However, a target limit below 100 μg kg
-1

 is considered 

ideal for French fries to be a negligible acrylamide source in the human diet (Grob et al., 2003; 

Fiselier and Grob, 2005). Only reducing sugars are considered a limiting factor in acrylamide 

formation since asparagine concentrations typically exist in excess in raw potatoes (Vinci et al., 

2012). Therefore, the obvious suggestion has been to process cultivars of low reducing sugar 

content to moderate acrylamide formation (Grob et al., 2003; Fiselier and Grob, 2005). 

Suggestions by Biedermann-Brem et al. (2003) indicated that the reducing sugar content in raw 

potatoes should be less than 0.1 g 100 g
-1

 for acrylamide formation to be kept to a minimum. 

 

Other key factors such as the frying time and temperature have been shown to be significant 

contributors to the amount of acrylamide formed in French fries and can be controlled to regulate 

acrylamide formation in cultivars processed (Friedman, 2003; Pedreschi et al., 2006; Romani et 

al., 2009). The use of particularly low finish-frying temperatures (less or equal to 160ºC) has 

been shown to limit acrylamide formation to acceptable levels (Fig. 2.9). These findings were 

later confirmed in a study reported by Fiselier et al. (2006). Nonetheless, Fiselier and Grob 

(2005) reported that if the reducing sugar content is kept below 1.50 g 100 g
-1

, acrylamide 

formation remains at acceptable levels even under inappropriately high frying temperatures 

(greater or equal to 170°C, tested for up to six minutes of frying time); however, information 

about colour development was not reported in that study. Other interventions can be incorporated 

to mitigate the levels of precursors in cultivars with high reducing sugar contents (reviewed by 

Muttucumaru et al., 2008), but this is often avoided, where possible, as it may elevate the costs of 

production for processors. 

 

A study by Vinci et al. (2011) reported that application of acetic and citric acid, calcium lactate 

or asparaginase (an enzyme that hydrolyzes asparagine to aspartic acid and ammonia) 

significantly reduced acrylamide content in par-fried frozen fries, but the effect could not be 

achieved under industrial conditions. However, when asparaginase was applied on non-par-fried 

fries that were thereafter chilled for four days, the level of acrylamide formed was reduced below 

detection, without any compromise to the sensory quality of the final product. This effect has 

been reported in other studies as well (Pedreschi et al., 2008; Hendriksen et al., 2009). 
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Figure 2.9 French fry acrylamide at various frying temperatures and times (Matthäus et al., 2004) 

 

2.4 Summary and Conclusions 

 

The physico-chemical and physical characteristics of potatoes are principal attributes used to 

select potatoes for the production of frozen French fries. The most important physico-chemical 

attribute is the dry matter content, reflected as the specific gravity and sugar content of raw 

tubers, which ultimately determines the colour, texture and oil absorption properties in French 

fries. Physical properties, involving the morphology and degree of defection, determine the raw 

product losses incurred by processors during processing. Since the development of such attributes 

is mainly determined by the genetic factor, it is practical to identify tubers suitable for processing 

on a cultivar basis.  

 

Processing cultivars require careful management to ensure optimal tuber development as tubers 

are sensitive to stress during the growing season and to poor post-harvest handling practices, 

which can compromise quality (Pedreschi, 2012; Ezekiel et al., 2013). Factors, such as the agro-

climatic and agronomic conditions, have a particular effect on tuber quality, as conditions like 

temperature and moisture stress are detrimental to growth and can ultimately compromise French 

fry quality if not well-regulated. Although climatic conditions tend to vary depending on the 

region of growth, agronomic conditions can be optimized to improve the quality and yield of raw 

tubers. Subsequent to harvest, tubers purposed for processing should be handled with care to limit 

mechanical damage and processed before irreparable levels of physiological deterioration occur. 

Processing conditions can negatively affect the quality of the product as well, if the unit 
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operations are not optimised for the improvement of colour, texture and oil content. Close 

monitoring of the different factors determining the quality of French fries enables processor to 

estimate produce supply and production yields (Karenlampi and White, 2009; Lutaladio and 

Castaldi, 2009).  

 

A number of improved potato cultivars are developed and released in different regions world-

wide. However, these are seldom developed to match culinary use, as most programmes focus on 

developing cultivars for increased yields and disease tolerance (Bradshaw, 2007). Since new 

cultivars are introduced and released periodically in South Africa, it would be beneficial to 

regularly screen for their suitability for processing and link them to culinary usage. Such efforts 

would contribute towards finding more cultivars, to cater for the increasing demand for frozen 

French fries. The literature does not document many studies on this topic, with the study by Steyn 

et al. (2009) demonstrating the field screening approaches that can be followed when new 

cultivars are introduced in the country. The issue of regional differences necessitates that when 

cultivar introductions occur, screening should be done of the field performance in terms of tuber 

yield and quality. However, a holistic approach, testing field and processing performance is 

imperative. Optimisation of processing procedures can ensure production of frozen products with 

supreme nutritional benefits and negligible negative implications on human health. Food 

processing unit operations such as partial drying and frying need to be optimised in terms of 

temperature and time for the development of good texture, while blanching parameter 

optimization is necessary for the regulation of colour development. The selection of frying oil, 

which is secondary to cultivar, plays a major role in improving the quality of French fries and 

also contributes to improving the acceptability of the product by consumers. 

 

The current increase in the frozen French fry industry in South Africa necessitates expansion and 

improvement of product development, which will secure benefits for all stakeholders, including 

the potato producers, processors and consumers. 
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3. PROJECT PROPOSAL 

 

The proposed project focuses on the characterisation of potato cultivars recently released in South 

African for the production of frozen French fries, to establish the optimum temperature and time 

combinations for blanching and frying potatoes of suitable cultivars, and to determine the 

optimum freezing temperature and storage period for the production of quality fries. 

 

3.1 Rationale 

 

Frozen French fry consumption has increased in South Africa, steadily gaining appeal among 

consumers due to the long storage capability and convenience of use (Temple et al., 2006); 

however, only a few cultivars are suitable for processing. As the frozen French fry industry 

requires expansion, a number of cultivars have been introduced into the country over the past 

decade, but their performance under local cultivation conditions is not yet well-understood. 

Hence, there is a need to characterise the suitability of these cultivars. Since pre- and post-harvest 

practices play a major role in determining the quality of potato products, it is necessary to 

determine the optimum processing practices for new cultivars to obtain quality products. 

Additionally, changes in the physical properties and nutritional value of potatoes occur during 

processing; therefore, processing procedures need to be monitored as they can result in losses of 

health promoting properties and may promote the development of new properties with undesired 

health implications (Liu et al., 2007). High oil and acrylamide intake is generally linked to 

French fry consumption and need close monitoring in the product as they are associated with the 

emergence of a number of degenerative chronic diseases (Katan, 2006; Andre et al., 2007; Vinci 

et al., 2012). 

 

3.2 Research Questions 

 

The main questions of this study are: 

(a) What is the agronomic performance of some of the cultivars recently released in South 

Africa under local cultivation practices? 

(b) What is the suitability of these cultivars for processing into frozen French fries? 
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(c) What are the optimum temperature and time combinations of blanching and frying 

potatoes to attain the best quality French fries from suitable cultivars? 

(d) What is the optimum freezing temperature and storage period to retain the quality of fries 

produced from these cultivars? 

(e) How will cultivar and processing treatment combinations affect the quality of fries after 

extended frozen-storage? 

 

3.3 Aims 

 

The main aim of the study is to characterise potato cultivars recently released in South Africa for 

the production of quality frozen French fries. Additionally, the study is designed to establish the 

optimum temperature and time combinations for blanching and frying potatoes of suitable 

cultivars, and to determine the optimum freezing temperature and storage period for the 

production of quality fries. 

 

3.4 Objectives 

 

The objectives of this study are: 

(a) to determine the productivity (in terms of yield) of some of  the recently released South 

African potato cultivars under standard cultivation practices, 

(b) to assess the quality of raw tubers after harvest for suitability for processing into frozen 

French fries, 

(c) to investigate the effect of different temperature and time combinations of blanching and 

frying potatoes from suitable cultivars on the quality of French fries, 

(d) to investigate the effect of different freezing temperatures and frozen-storage time on the 

quality of fries, and 

(e) to determine the optimum treatment combinations for processing five of the most suitable 

cultivars for the production of quality frozen French fries. 
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3.5 Materials and Methods 

 

3.5.1 Site description 

 

Potatoes will be grown at the Ukulinga Research Farm, which is part of the University of 

KwaZulu-Natal Pietermaritzburg campus, in South Africa. The farm is located 781 m above sea 

level, at 30°24′E, 29°40′S.  Planting will be done in a 2278.1 m
2 

field, in October 2014 – which is 

mid-spring in the region. Pietermaritzburg is characterised by a mild climate, with spring 

temperatures ranging from 8-20°C at night, and not exceeding 40°C during the day (Peter, 2007). 

Ukulinga Research Farm receives an average of 680 mm of rain annually and has soils that vary 

from light loamy to clay loamy (Ghezehei et al., 2009). 

 

3.5.2 Potato sample production 

 

Eleven South African cultivars (nine recently released and two commonly used in frozen French 

fry production) will be used in this study. Certified seed, generation 2-3, will be acquired from 

respective seed growers (Table 3.1). The seed will be stored for 1-2 weeks at 15-20°C until 

sprout emergence, moved to 10-15°C until sprouts are c. 15 mm, placed at 4°C (in the dark) and 

then placed at 10-15°C a week before planting. 

 

Table 3.1 List of cultivars to be used in this study and details of their origin (The British Potato 

Variety Database, 2014) 

Cultivar Origin Parentage Year registered Maturity period 

1 Challenger Netherlands Aziza x Victoria 2006 Early 

2 Crisps4All Netherlands RZ-85-238 x RZ-87-44 2010 Early 

3 Kikko Ireland Slaney x C1992/42 2008 Late 

4 Nectar Ireland Famosa x Red Cara 2005 Early 

5 Savanna Ireland Famosa x Atlantic 2005 Late 

6 Sifra Netherlands Mondial x Robinta 2008 Medium 

7 Taurus Netherlands Panda x RZ-87-44 2010 Early 

8 Innovator
a 

Netherlands Shepody x RZ-84-2580 1999 Early 

9 Eos Netherlands Mondial x W72-22-496 2011 Medium 

10 Lanorma Netherlands Bydand x Caesar 2006 Early 

11 Fianna
a 

Netherlands KO 62-660 x AM 66-42 1988 Late 
a
 Cultivar used to benchmark performance in frozen French processing 

Maturation period: early = less than 90, medium = 90-110 and late = 110-150 days 
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Soil analysis will be done before planting to determine the type, fertility status and pH of the 

field. The experimental site will be cleared before planting, by mowing the grass, ripping, 

ploughing and discing. Each cultivar will then be planted in a 56.7 m
2
 plot of seven rows of 9 m 

length, with 0.9 m spacing between rows and 0.3 m between plants in the same row (Steyn et al., 

2009). Each row will allow for 30 seed tubers to be planted, which will be placed at a depth of 5-

10 cm and ridged to a height of 20-25 cm from the soil surface. The plots will be one metre apart 

and arranged in a Randomised Complete Block Design, with three replications. The field lay-out 

is shown in Figure 3.1. The potatoes will be grown under typical conditions for the region 

(DAFF, 2014) and under irrigation, using a sprinkler system. Standard disease and pest control 

measures including spraying with Bravo, Ridomil, Dithane M45 and Kemprin will be applied, 

and weed control will be implemented by using Sencor and Dual Gold.  Fertilizer will be 

provided in two dressings of 2:3:4 (38), at planting time and at flower-bud emergence. Limestone 

ammonium nitrate (LAN) will be applied 6-8 weeks after planting. During production, the 

number of days to emergence and cultivar maturity time will be recorded. Tubers will be 

harvested manually upon observation of shoot death, which is indicative of physiological 

maturity, at respective periods for each cultivar. 

 

3.5.3 Potato sample screening and processing 

 

This study will be conducted in two phases. Experiment I will focus on screening the 11 cultivars 

planted for their suitability for processing into frozen French fries, with Innovator and Fianna 

considered as benchmark cultivars. Experiment II will focus on processing six cultivars (one 

benchmark and five of the most suitable cultivars selected from Experiment I) to test the effect of 

different temperature and time combinations for blanching and frying, and different freezing 

temperatures and frozen-storage periods for the production of quality fries. After harvesting, 

tubers will be assessed immediately for Experiment I. 

 

Experiment I 

Each cultivar will be evaluated visually to determine the physical characteristics by first 

separating potatoes according to size class (large [˃75 mm], medium [55-75 mm] or small [˂55 

mm]), and counting and weighing the number falling into each category. Thereafter, yield (total 
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ton ha
-1 

produced) and marketable yield (medium to large ton ha
-1

 produced, without defects) will 

be calculated. The size of 10 randomly selected potatoes for each category will be measured with 

a pair of Callipers to determine the length and width that will be used to calculate the tuber form 

index (Steyn et al., 2009). Tuber shape, eye depth, occurrence of defects and flesh colour will be 

evaluated and scored; with TFI≥1.70 signifying long shapes, eye depth <0.20 mm considered to 

be shallow and <10% defection considered minimal. 

 

Tuber physico-chemical characteristics (i.e. specific gravity [5 kg; USDA, 2000], dry matter and 

moisture content [100 g; Abong et al., 2009], reducing sugar content [50 g; Buono et al., 2009] 

and ascorbic acid content [50 g tuber; Giannakourou and Taoukis, 2003]) will thereafter be 

determined from assessments made by weighing, the HPLC and spectrophotometer. Cultivars of 

good processing quality are generally identified as having high specific gravity (˃1.080) and dry 

matter content (20-24%), and a low reducing sugar content (˂0.2%). Only cultivars producing 

high processing yields (>60%) for French fry processing, i.e. long-shaped tubers [TFI≥1.70], 

with minimal (<10%) defects and shallow eyes, in addition to meeting these physico-chemical 

requirements (Steyn et al., 2009), will be considered for processing into frozen French fries. 

Assuming that the average medium-sized potato weighs c. 150 g (Gagnon et al., 2007), this 

experiment will require c. 30.6 kg of potatoes. 

 

Experiment II 

Potatoes intended for Experiment II will be stored in a room maintained at 10°C for two weeks 

while assessing those intended for Experiment I. Potatoes will then be retrieved from storage and 

washed to remove soil particles and to loosen the peel in preparation for processing. Frozen 

French-fry production is comprised of a number of procedural unit operations which are 

important contributors to product quality. The unit operations that will be used in this study are 

cutting/sizing, blanching, partial drying, par-frying, freezing, packaging and storage. Once the 

potatoes have been cleaned, they will be peeled using a restaurant abrasive peeler, sized to 10 x 

10 or 12 x 12 mm strips with a French fry chipper (Krokida et al., 2001b), rinsed in tap water and 

processed accordingly. Blanching will be the initial step in processing, whereby strips will be 

treated with a low-temperature long-time (LTLT; 70°C, 10 min) or high-temperature short-time 

(HTST; 85°C, 5 min) regime, in a water bath (g g
-1

; Agblor and Scanlon, 2000).  
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Thereafter, the product will be partially dried by placing in an oven at 70°C for 15 min (Vinci et 

al., 2011), so as to reduce the oil uptake and increase the crispness after frying (Pedreschi and 

Moyano, 2005; Choe and Min, 2007; Krokida et al., 2001b). This procedure will be followed by 

par-frying the potato strips in canola oil in a deep fat fryer at a high (185°C) or low temperature 

(140°C) for 1 min, in a 1:4 (w/v) product to oil ratio, to facilitate further water loss and to allow 

for physical changes, increasing the crispiness of the exterior surface of French fries (Grob et al., 

2003; Romani et al., 2009). The oil will be replenished for each frying and changed after one 

hour of frying time. Lastly, the strips will then be preserved by freezing with a programmable 

freezer at -18 or -30°C for 30 min (Sanz et al., 2007) and packaged in zip-seal freezer bags (Vinci 

et al., 2011) to allow for storage at -18°C over a 12-month period (Keijbets, 2001). Fresh fries, 

retrieved after 24 hours, and those retrieved at three-month intervals during frozen-storage, will 

thereafter undergo final preparation through a deep-fat frying (185°C, 3 min) method for 

consumption (Al-Khusaibi et al., 2011; Lloyd et al., 2004). If tubers used for processing are large 

medium-sized and weigh 250 g, this experiment will require c. 360 kg of potatoes. All parameters 

to be monitored and treatments mentioned are summarised in Fig. 3.2. 

 

After final preparation, the quality of the French fries will be determined, by assessing their 

chemical and sensory qualities. The fry chemical qualities to be assessed are the oil and 

acrylamide content, which will be assessed using a Soxhlet method (Bingol et al., 2014) and the 

ELISA (Franek et al., 2014), respectively. Sensory evaluations will entail taking colour and 

texture qualitative measurements of the fries (Agblor and Scalon, 2002); and accessing the 

overall acceptability in terms of colour, taste, crispiness and oiliness with the aid of 10 trained 

panellists (Abong et al., 2009). 
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Figure 3.1 Field lay-out for planting the cultivars chosen for this study 

 

 

 

 

Figure 3.2 Processing treatments to be investigated in this study, according to unit operation
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3.5.4 Experimental design and statistical analysis 

 

A factorial design with six cultivars, two French fry sizes, two blanching treatments, two par-

frying temperatures, two freezing temperatures, five (frozen-storage) data recording intervals and 

three replicates will be used (Fig. 3.2). A total of 80-5 kg French fry samples will be analysed for 

each cultivar and there will be a total of 480 samples for the whole study. An analysis of variance 

will be performed using Statistical Analysis System to test for the effect of cultivar, fry size, 

blanching regime, par-frying regime, freezing temperature, frozen-storage period and finish-

frying method on fry colour, taste, texture, acrylamide and oil content. Mean comparisons and 

separations will be done using the least significant difference (LSD) test at a 95% probability 

level. The interaction of these factors will be tested, while a correlation between the parameters 

and a Principal Component Analysis will be performed, where applicable. 

 

3.6 Resources and Equipment Required 

  

Table 3.2 Equipment required for assessments and the means of acquisition to ensure availability 

Instrument Quantity Means of acquisition 
Price 

(ZAR) 

Vernier callipers 1 Available - UKZN - 

Balance 1 Available - UKZN - 

HPLC 1 Available - UKZN - 

Restaurant potato peeler 1 Available - UKZN - 

French fry cutter/chippers 2 Purchase R3335 

Water bath 1 Available - UKZN - 

Deep fat fryer 1 Purchase R19500 

Oven 1 Available - UKZN - 

Programmable freezer 1 Available - UKZN - 

Storage freezer 1 Available - UKZN - 

Hunterlab ColorFlex EZ Spectrophotometer 

(colour meter) 
1 Available - UKZN - 

Instron Universal Testing Machine (texture 

analyser) 
1 Available - UKZN - 

Soxlhet apparatus 1 Available - UKZN - 

USDA Colour Charts 1 Purchase R2508 

Total (costs for planting field preparation and management excluded) R25343
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3.7 Possible Papers for Publishing (Thesis Chapters) 

 

The thesis will be organised in a paper approach, with the papers proposed below each forming a 

chapter. These chapters will be flanked by the introduction chapter, and the general discussion 

and conclusions chapters. 

  

(a) A review of the criteria used to select potatoes for frozen French fries and the factors 

affecting processing quality 

(b) Screening potato cultivars recently released in South Africa for frozen French fry 

processing 

(c) Effects of different blanching and par-frying regimes on the quality of frozen French fries 

from five cultivars recently released in South Africa 

(d) Influences of different preservation treatments on the quality of frozen French fries: 

freezing temperatures and frozen-storage periods 

 

3.8 Project Plan 

 

Table 3. 3 Schedule and time-frame of the tasks planned for the project 

Year Task 
Effecting Time (month) 

J F M A M J J A S O N D 

2014 

Literature review (paper 1)             

Proposal and presentation             

Planting field preparation             

Potato production             

Experiment I (cultivar screening)             

2015 
Experiment II 

Fry production             

Frozen-storage             

Thesis 
Paper 2             

Paper 3             

2016 Thesis 
Paper 4             

Completion             
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APPENDIX 

 

 

Figure 5.1 Relative regional contribution to potato production (black) and location of frozen 

French fry processors (red) in South Africa (after Haverkort et al., 2013) 
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Table 5.1 Common tuber defects and allowed occurrence in processing cultivars (Hiller et al., 

1985; USDA, 2000; Secor and Gudmestad, 1999) 

Site Defect Cause 
Allowed 

occurrence (%) 

External 

Growth cracks Irregular moisture provision to plants during tuber development 10 

Secondary growth 
Plant moisture and temperature stress, followed by normal 

conditions favouring rapid tuber growth 
10 

Surface abrasions Harvesting at skin physiological immaturity ns 

Greening Tuber exposure to light during growth or storage 10 

Enlarged lenticels 
Reduced oxygen availability to tubers during growth due to soil 

compaction/water retention 
10 

Elephant hide 
Unknown; but caused by Rhizoctonia solani in South Africa 

(Muzhinji et al., 2014) 
10 

Smooth skin in 

Russet cultivars 
Sub-optimal soil temperatures, i.e. <10 or >27°C, and moisture ns 

Soft rot/blackleg Soil-borne tuber infection by Pectobacterium carotovora 10 

Fusarium tuber rot Soil-borne tuber infection by Fusarium species through injuries 10 

Scab 
Seed- and/or soil-borne infection by Streptomyces scabies or 

Spongospora subterranea 

10 (50 of 

surface) 

Black scurf Seed- and/or soil-borne infection by Rhizoctonia solani ≤25 of surface 

Internal 

Hollow hearts Rapid tuber growth preceded by moisture and nutritional stress ≤5 cm 

Brown centres Same as, and sometimes precede, hollow hearts ≤5 cm 

Brown spots High soil temperature after shoots begin to die ≤2.5 cm 

Vascular 

discoloration 

Rapid shoot death by chemical/frost/mechanical removal before 

crop maturity 
10 

Bruising Mechanical stress during harvesting 10 

Translucent/sugar 

ends 
Irregular in growing conditions during tuber growth 10 

Blackheart Reduced oxygen availability to tubers during growth or storage 10 

Freezing injury 
Exposure to prolonged low temperatures , i.e. <-1°C, during 

tuber growth 
2 

ns, not specified 



62 

Table 5.2 Fungal disease resistance of the top 20 cultivars in the USA (Secor and Gudmestad, 

1999) 

Cultivar Disease Causal agent Resistance 

Russet Burbank Fusarium wilt/Dry rot Fusarium species moderate 

Russet Norkotah - - - 

Shepody Black scurf Rhizoctonia solani moderate 

Ranger Russet 
Verticilium and Fusarium 

wilt 

Verticilium dahliae or V. albo-atrum 

and Fusarium species 
moderate 

Norland - - - 

Russet Nugget 
Early blight and Verticilium 

wilt 

Alternaria solani and V. dahliae or V. 

albo-atrum 
moderate 

Snowden - - - 

FL1533 - - - 

Goldrush Verticilium wilt V. dahliae or V. albo-atrum moderate 

Superior - - - 

Centennial 

Russet 

Verticilium and Fusarium 

wilt, black scurf and early 

blight 

V. dahliae or V. albo-atrum and 

Fusarium species, Rhizoctonia solani 

and A. solani 

moderate 

Atlantic 
Late blight and Verticilium 

wilt 

Phytophthora infestans and V. dahliae 

or V. albo-atrum 
full 

Red LaSoda Early blight A. solani moderate 

NorValley - - - 

Norchip - - - 

Red Pontiac - - - 

Sangre Tuber early blight A. solani moderate 

Norwis - - - 

Ontario Not confirmed - - 

LaRouge - - - 
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Figure 5. 2 Changes in tuber sucrose content over the production season of six cultivars (after 

Sowokinos and Preston, 1988) 

 

 
Figure 5.3 Composition of frying oils (after Ziaiifar et al., 2008)
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Table 5.3 South African potato variety list (DAFF, 2014) 

almera evan orchestra * 

ambition * fabien pentland dell 

Ami Fabula Piccolo Star * 

Amorosa Fianna Platina 

Andean Sunside * FL 2006 Quincy 

Apolline * FL 2108 Red Eye 

Argos Frodo Riviera 

Arinda Gourmandine * Rodeo 

Arnova Harmony Roko 

Arrow * Hermes Ronn 

Astrid Hertha Ropedi 

Avalanche Hoëvelder Rotharo 

Aviva Imola Royal * 

Bafana Innovator Russet Burbank 

Bellini Jelly * Sandvelder 

BP 1 Kikko * Santana 

Buffelspoort Konsul Sassy * 

Calibra Labadia * Savanna * 

Caren Lady Christl Serenade 

Carmona * Lady Jo Setanta * 

Caruso Lady Rosetta Shepody 

Challenger * Lanorma * Sifra * 

Columbus Liseta Spunta 

Crisps4All * Marijke Taurus * 

Daifla * Markies Terra Gold * 

Daisy Melody Umatilla Russet 

Darius Miranda * Up-to-Date 

Devlin Mnandi VR 808 

Dinky * Mondial Valor 

Emergo Montrose Vanderplank 

Eos * Mozart Victoria 

Erika * Musica * Virgo 

Eryn Nectar * Yarden 

Esco Nicola  

* Cultivars released in the last three years (from 2010 to 2013) 

 


