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Introduction
In South Africa, 17% of potatoes produced by farmers are used 

by the formal processing industry. This number excludes the fresh 
potatoes that are purchased and subsequently processed by street 
vendors, corner cafés and take-away outlets. It is estimated that more 
than 50% of potatoes produced in South Africa are consumed by the 
informal market, a large consumer market which comprises 46% of 
the South African population.1,2

Potatoes are regarded as a bio diverse crop because various cultivars 
are grown and are readily available on the market. All potatoes do 
not deliver a uniform end (cooked/prepared) product due to species 
differences (dry matter), agronomical conditions (irrigation or dry 
land), storage and season planted and inherent textural differences 
due to variations between cultivars.3 This necessitates a classification 
system to categories potato cultivars according to their eating quality 
and thus enables communication and enhances satisfaction from farm 
to fork. 

The current South African potato classification system was 
implemented in 2008. The system classifies different potato cultivars 
according to their ideal cooking categories, i.e. boil, roast, chipping 
(oven bake), microwave, mash and shape retention when boiled. No 
category for slap chips has been included in the current classification 
system.4 A need was therefore identified to include slap chips, as a 
culturally popular cooking method for potatoes, in this classification 
system.1

South African slap chips

Slap chips are widely consumed in South Africa and are most 
commonly sold by street vendors and at corner cafés and take-away 
outlets, which is generally considered as the informal market.5 Slap 
chips are different to French fries as they are thicker, have a softer 
exterior, creamy interior and are “slap” or bendable once cooked. They 
are fried at a lower temperature for a longer time, which can lead to an 
oilier end product with an oily mouth feel.6 Slap chips measurements 
range from a thickness of 1cm x 1cm or slightly thicker and have an 
average length of 7cm7,8 and are fried at temperatures ranging between 
110°C and 160˚C. French fries are thinner with an average thickness 
of 0.6×0.6cm and an average length of 4-5cm. French fries are fried at 
a temperature of 180±5˚C for 4.0±0.3min.9

The global consumption of fried food is rapidly increasing; with 
ried potatoes being one of the most frequently consumed products.10 
According to the European Union’s report on potato production “the 
significant increase in the consumption of processed potato products 
has grown mainly because of the corresponding increase in fries’ 
demand”.11 Different generations have different food preferences 
which lead to such increased consumption Figure 1. Individuals 
currently entering the consumer market have a higher preference 
for fried and processed foods.12 Consumers also have an increased 
preference for certain types of potato cultivars. As indicated in 
Table 1 different potato cultivars have different sensory and cooking 
characteristics, which have an effect on the cooked product.13 
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Abstract

“Slap chips” are a traditionally South Africa product that is widely consumed throughout 
the country. These chips are similar to French fries but are thicker and fried for a longer 
time at a lower temperature using a double fry method. It is assumed that different textural 
properties of potatoes will lead to certain cultivars being better suited for deep fat frying 
than others.

As part of this study, a market investigation was conducted to better understand slap 
chip preparation methods so as to develop a repeatable slap chip preparation method that 
simulates market conditions. Chips prepared using this method were evaluated by a trained 
sensory panel to determine sensory attributes of aroma, appearance, flavour, texture and 
aftertaste. 

A standardised cooking method for slap chips preparation was developed. Statistical 
analyses showed that waxy and oily attributes grouped cultivars together, while dry matter, 
fried chip and earthy flavours differentiated between chips from different cultivars. No 
obvious grouping for cultivars within the same class according to the current South African 
potato classification system was found. It can be concluded that deep fat frying has such a 
significant impact on the chip characteristics that cultivar specific attributes have a lesser 
impact on the final characteristics of the product. However certain attributes such as dry 
matter can have an impact on the oil absorption of tubers.

Keywords: potatoes, Solanum tuberosum, slap chips, fries, cultivars, sensory panel, 
frying, cooking
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Table 1 Description of the 11 potato cultivars identified for sampling1 

Cultivar Shape Colour of the skin 
and flesh Classification system Cooking characteristics

Mondial Oval White Waxy An ideal boiling potato as it does not slough.

Fabula Oval Light yellow Waxy Suited for boiling and baking.

Buffelspoort Round-Oval White Waxy Ideal for boiling as it retains its shape.

BP1 Flat Oval White Waxy/Floury Combination potatoes lend themselves to a variety of 
cooking techniques, especially boiling and roasting.

Vander Plank Oval – Pear White Waxy/Floury Can be prepared using a variety of cooking techniques. 
Best suited for boiling and frying.

Fianna Oval Light yellow Waxy/Floury Can be used in the processing industry as it is firm with 
a fluffy mouth feel.

Valor Oval Cream white Waxy/Floury Ideal roasting potatoes as they keep their form and have 
a fluffy mouth feel.

Sifra Round White Waxy/Floury An all-round potato that is ideally suited for most 
cooking techniques.

Up-To-Date (UTD) Flat Oval Cream white Floury Floury texture, makes this potato ideal for mash.

Darius Oval White Floury Floury texture but keeps its shape when cooked.

Avalanche Oval White Floury Good for roasting, frying and mash with a fluffy texture.

Figure 1 A Partial Least Squares (PLS) graph depicting the grouping of eleven different potato cultivars on the basis of a sensory panel and objective evaluation  
(SC1=83.71%; SC2=11.70%).
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Objectives of the study

This study was conducted in an attempt to classify slap chips made 
from the 11 different types of cultivars most commonly consumed 
in South Africa. The purpose of the study was to determine whether 
certain sub-species of potatoes are better suited for making slap chips 
than others, considering their unique textural properties. As there 
is very little to no data available on slap chip preparation, there is 
no scientifically confirmed guideline available on the preparation 
methodology for the cooking of slap chips.

 Therefore, the first objective of the study, namely to identify a 
standardised methodology to prepare slap chips was researched, a 
pilot study was carried out and standardised. Once the methodology 
had been developed and standardised, a trained descriptive sensory 
panel was used to extrapolate the second objective of the study, 
namely to describe the slap chip qualities of eleven South African 
potato cultivars. 

Developing a standardized cooking method 
for slap chips
Methodology

When preparing slap chips, similar to most other foods, there are 
a wide variety of factors that have an influence on the final consumed 
product (i.e. species, cultivation, etc.). The most commonly consumed 
cultivars in the South African market were identified for this study 
to obtain a representative sample of all the different textural classes 
found in potatoes as shown in Table 1. Different preparation practises 
are also used all over the world to prepare chips, thus deeming it 
necessary to develop a standardised method to evaluate slap chips in 
the South African context. 

Market investigation

To ensure that the study was true to market conditions a pilot 
study was conducted to understand the requirements of this market. 
A variety of vendors of slap chips were visited in three different areas 
across South Africa; rural (Limpopo), peri-urban (Vaal Triangle) and 
urban (Pretoria) and questioned on the methods they use to prepare 
slap chips, particularly in regard to cooking techniques used. 

The pilot study found that vendors purchase 10kg bags of 
fresh potatoes, mostly those available at the lowest price (the most 
affordable cultivar at the time was Mondial). Potatoes were peeled 
with hand peelers and immersed in water until they were chipped, a 
mainly manual process. When all the potatoes required for that day 
had been chipped, they were removed from the water and placed on a 
towel to drain off excess water. The air dried chips were fired in either 
a pot or a metal drum at a low temperature, between 90˚C - 140˚C, for 
the first fry using sunflower oil. The cooking process lasted between 
10-30minutes. A temperature drop occurs when the raw chips are 
placed in the oil which leads to a longer cooking time because the oil 
has to be reheated. It was consequently difficult to estimate the exact 
temperature and time used by vendors, as they prepared different 
batch sizes and used different amounts of oil. 

After the first frying the chips are removed from the oil and placed 
on a cloth or paper towel to drain off excess oil. These chips are then 
ready for the second fry. The second round of frying occurs when the 
consumer purchases the chips. The chips are fried in smaller batches 
at temperatures between 100˚C-140˚C and immediately served to the 
customer. 

Final frying method

From the market investigation a standardised frying method 
was developed to ensure that the chips in the study were as similar 
as possible to the ones found in the informal market. A double fry 
method was used to prepare the slap chips. The potatoes were peeled 
and sliced into batons, with an average size of 1cm x 1cm and average 
length of 6cm, and dipped into a 2.5% (v/v) sulphur dioxide mixture 
to prevent browning. The raw chips were dried on a cloth and then 
placed in hot sunflower oil, heated to 120˚C for 5minutes, removed 
from the oil and allowed to cool on a cloth to room temperature. Once 
the chips reached room temperature they were fried for a second time 
at 120˚C for 3minutes and served immediately.

Mapping potato cultivars for slap chips 

Methodology

Sampling 

The potatoes used in this study were planted in the Reitz area in the 
Eastern Free State, South Africa, which is one of the most productive 
dry land potato production areas in the country. The potatoes from the 
different cultivars were supplied by Potatoes South Africa, planted 
on the same day under dry land conditions in the same field during 
the summer of 2012/2013. The tubers were harvested on the 11th of 
April 2013. The tubers were not washed, but packed straight out of 
the soil into cultivar specific bags and transported to the Agricultural 
Research Council (ARC) Irene, Pretoria within 24hours of harvest. 
Tubers were placed into pre-marked boxes in a dark room at room 
temperature (20˚C) until the slap chips were prepared. The textural 
properties of the chosen cultivars are shown in Table 1.

Sample preparation

The slap chip samples were prepared according to the standardised 
developed methodology. Each day 5-7 tubers of each cultivar were 
washed, dried and weighed. The tubers were peeled, chipped and 
placed in a bucket containing a 2.5% (v/v) sulphur dioxide and water 
mixture. Chips were cut into 1cm x 1cm batons lengthwise with an 
average length of 6cm. The chips were allowed to stand in the sulphur 
dioxide mixture for 30minutes, to reduce browning. After 30minutes 
the chips were washed under running tap water for 10 seconds to 
remove excess sulphur dioxide and allowed to drip dry. The six centre 
chips were pre-fried in a Delonghi Roto Fryer in the preheated frying 
oil at 130˚C to ensure that when the chips were lowered into the oil, 
the temperature dropped to the desired 120˚C to be fried for 5minutes. 
The Delonghi Roto Fryer ensures that the basket containing the chips 
is submerged in oil and turned constantly to achieve even frying. The 
oil was kept at the same temperature throughout the fryer. Excella 
sunflower oil was used to fry the chips, as it is the oil that vendors in 
the pilot study had identified as the oil they most frequently use. 

Oil temperature was constantly measured using a hand held digital 
stainless steel probe, equipped with a J-type thermocouple. The lid 
of the fryer was not used to imitate market conditions and to allow 
constant temperature measurement. After 5minutes of frying the chips 
were removed from the oil and placed on paper towel to absorb excess 
oil. After cooking the chips had an internal temperature of 84˚C.

The pre-fried chips were allowed to cool down to a room 
temperature of 23˚C to mimic market conditions. For the second fry 
the same procedure was followed as for the pre-frying process but 
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the chips were only fried for 3minutes and as they were removed 
from the fryer, the excess oil was removed by shaking the basket. The 
chips were placed on paper towel to absorb excess oil. Subsequently 
the chips were wrapped in 10cmx15cm aluminium foil envelopes to 
ensure that they retained their heat. This also allows them to steam 
to simulate market conditions. The aluminium foil envelopes were 
each pre-coded with a randomized three digit code. These envelopes 
of chips were placed in an 115˚C pre-heated oven on a baking sheet. 
After 5minutes the chips were removed from the oven and served to 
the panel on a pre-heated plate that had been warmed in a preheated 
oven at 60˚C. 

Samples were provided to the panellists through individual cubicle 
doors. In addition to the aluminium foil envelope of chips the panel 
received an evaluation form, a pencil, an eraser and a serviette. Water 
was also provided, carrot slices (used as palate cleansers) and a 
lexicon that was already in the tasting booth. Starting at 9 o’clock 
in the morning the panel tasted 11 samples during 4 sessions every 
day over 4 days. The first, second and third session each included 
three tasting samples and the final session of each day included two 
samples. The samples were served to the panel at 10 minute intervals 
with a 15 minute break between sessions. 

Test facilities

All samples were evaluated according to the methods described in 
the Annual Book of ASTM Standards. The sensory analysis facilities 
are equipped with all the elements necessary for an efficient sensory 
programme and are constructed according to ASTM design guidelines 
for sensory facilities.

Panellists evaluated products one at a time (four sessions per day) in 
separate tasting booths to reduce distraction and panellist interaction, 
and to ensure uninterrupted, unbiased, individual responses. After 
completion each panellist’s score sheet was collected individually and 
the data was captured directly from the score sheets onto an Excel 
Worksheet. 

The full chip was evaluated under white light conditions. White 

light conditions are used to ensure that the product has a natural 
appearance. 

Sensory evaluation

Twelve experienced panellists were selected to participate in this 
study. These panellists were all previously trained at the Sensory Unit 
of the Agricultural Research Council at Irene. Panellists were chosen 
based on their taste and smell acuity, interest, ability to discriminate 
between the five basic tastes (sweet, sour, salt, bitter and umami), and 
availability for the entire study. The panellists have been involved 
in numerous sensory evaluations on food products such as meat and 
meat products, fats and oils, dairy products, potatoes, beverages and 
many more.

Before the tasting the panellists for this study participated in a 
general training programme consisting of four sessions to:

i.	 Develop appropriate descriptive terminology for the slap chips 
which could be used in the Lexicon 

ii.	 Train, familiarize and test panellists for use of the evaluation 
scales that had been constructed and 

iii.	 Develop and finalise the rating scales and terminology to be used. 

During the training, the panellists were exposed to different potato 
cultivars and asked to analyse them and develop descriptive sensory 
terms which were used in the final evaluation Lexicon (Table 2). 
The lexicon of Thybo and Martens was used as a point of reference 
and adapted to include the attribute descriptors proposed by the 
panel members.14 These descriptive words included aroma, non-oral 
texture, oral texture, and flavour and aftertaste characteristics of the 
slap chips samples. A category rating scale, with one (1) denoting 
the least favourable condition (none: e.g. no clean/fresh oil aroma) 
and eight (8) denoting the most favourable condition (e.g. extremely 
intense clean/fresh oil aroma) was constructed (Annexure 1) and used 
to evaluate the different samples. To ensure that panellists were not 
influenced in any way, no detailed information with regard to the 
purpose of the project was provided.

Table 2 Lexicon developed by panel members for descriptive sensory analysis of slap chips made from eleven different potato cultivars 

Attribute Description

Aroma Evaluate under white light condition 
Whole Chip to be Evaluate

Typical fresh fried chip 
Potato/Earthy

Aromatic notes associated with fresh fried chips 
Aromatic notes associated with damp soil, slightly undercooked potatoes

Oily Aromatic notes associated with fresh oil

Appearance Initial Impression of Appearance: Only Look at the Surface and Evaluate the Oily 
Appearance of the Chip

Oiliness Appearance of the outside surface of the chip. Is it oily or dry?

Ease of Breaking– Bending the chip till 
two ends meet) 
(Softness – how easily the 
Potato Breaks)

Force required dividing the potato into two parts by bending the two ends together. Degree of 
bending before the potato is separated into 2 parts. 
Breaks easily, high ease to break (5-8) 
Elastic, makes a loop before it breaks (if at all)=low ease to break (1-5)

http://doi.org/10.15406/jnhfe.2017.06.00203


Mapping of traditional potato fries (slap chips) from eleven potato cultivars 92
Copyright:

©2017 Muller et al.

Citation: Muller C, Scönfeldt HC, Hall N, et al. Mapping of traditional potato fries (slap chips) from eleven potato cultivars. J Nutr Health Food Eng. 
2017;6(3):88‒98. DOI: 10.15406/jnhfe.2017.06.00203

Attribute Description

Texture Only Evaluate the Inside of the Chip for Texture

Oiliness Oiliness inside the chip. Is it oily or dry?

Mealiness/ Floury Expresses how floury/crumbly or dry the potato feels in the mouth after chewing. A floury 
potato has a Coarse overall Texture

Waxy

A waxy potato has been described as moist, mushy and smooth and sometimes has glassy lumps. 
Is associated to some degree with stickiness. It has a smooth, waxy feeling on the palate after 
pressing potato with tongue. 
A waxy potato has a smooth overall texture with some glassy lumps in between

Graininess (Particles) 
Coarse Texture

Expresses the content of grainy particles in the mouth after chewing. Press potatoes against 
palate with tongue, large grainy pieces / particles are felt. The texture is uneven. The smoothness 
or coarseness of the texture. A texture can be even, but coarse or grainy, or it is smooth and fine. 
Evaluate the degree of coarseness or smoothness of the potato.

Flavour Evaluate the whole chip

Typical fried chip A taste associated with typical fried potato chips

Earthy / Potato Skin Taste associated with earthy potato skin notes

Bitter (Green Potato Note)
Taste on tongue stimulated by substance such as flavours associated with green/unripe potato, 
astringent, burned

After Taste Evaluate the Whole Chip

Typical fried chip An aftertaste associated with typical fried potato chips

Earthy / Potato skin Aftertaste associated with earthy potato skin notes

Bitter (Green potato note)
Aftertaste on tongue stimulated by substance such as aftertaste associated with green/unripe 
potato, astringent, burned

Table 3 Least squares mean values (Standard Error of Means (SEM)) as well as the F probability (p-value)) for sensory analysis on 11 potato cultivars

Attribute P- 
value Sem 

 Cultivars and 
classification              

1 2 3 4 5 6 7 8 9 10 11

Aroma         

Typical 
fresh fried 
chip 

p<0.001 0.112 5.20a 5.25a 5.09a 4.97ab 5.10a 5.02ab 4.63c 5.07a 5.12a 5.24a 4.71bc 

Earthy 0.969 0.073 2.02 1.96 1.9 1.9 1.93 1.96 1.94 1.9 1.89 1.99 1.9

Oily p<0.001 0.093 3.47ab 3.95a 3.32abc 2.93c 3.31abc 3.38ab 3.27bc 3.56a 3.08bc 3.41ab 3.38ab 

Texture : Non-Oral         

Oiliness 
on the 
surface 

p<0.001 0.101 4.29a 3.28d 3.76c 3.38d 4.27a 3.42d 3.85bc 4.34a 3.71c 4.18a 4.01ab 

Ease of 
breaking p<0.001 0.175 4.15defg 4.34cdef 5.08ab 5.47a 4.44cde 4.26cdefg 4.58cd 3.83g 3.87fg 4.04efg 4.65bc 

Table continued...
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Attribute P- 
value Sem 

 Cultivars and 
classification              

1 2 3 4 5 6 7 8 9 10 11

Texture: Oral         

Oiliness 
inside the 
chip 

p<0.001 0.118 3.50ab 3.01d 3.12cd 3.10cd 3.39abc 3.22bcd 3.18bcd 3.59a 3.24bcd 3.63a 3.47ab 

Mealiness/
Floury p<0.001 0.218 3.31cd 4.43ab 4.13ab 4.28ab 2.92d 4.44a 3.83bc 3.01d 4.49a 3.35cd 3.01d 

Waxy p<0.001 0.225 4.56ab 3.47c 3.76dc 3.87cde 4.83ab 3.58de 4.20bcd 4.98a 3.38e 4.40abc 4.79ab 

Grainy 0.031 0.131 2.68abc 2.49bc 2.92a 2.91a 2.58abc 2.57abc 2.85ab 2.64abc 2.32c 2.84ab 2.76ab 

Flavour         

Whole chip 

Typical 
fried chip p<0.001 0.102 5.04ab 5.21a 4.85bcde 4.61e 4.92abcd 4.87bcde 4.65de 4.93abcd 5.08ab 4.96abc 4.70cde 

Oily p<0.001 0.092 3.56abc 3.17de 3.43bcd 3.08d 3.51bc 3.37cd 3.45bc 3.85a 3.42cd 3.69ab 3.57bc 

Bitter p<0.006 0.096 2.01abcd 2.08abc 1.86bcd 1.88bcd 1.84cd 2.22a 2.17a 2.13ab 1.74d 1.96abcd 2.10abc 

Earthy / 
Soil 0.101 0.074 2.06 2.09 2.01 1.86 2.03 1.97 1.81 1.85 1.85 1.97 1.95

AFTERTASTE Whole chip         

Typical 
fried chip p<0.001 0.088 4.70abc 4.90a 4.58cd 4.48cd 4.64bcd 4.58bcd 4.42d 4.62bcd 4.83ab 4.70abc 4.42d 

Oily p<0.001 0.099 3.42ab 3.03ef 3.24bcde 2.89f 3.36abcd 3.09def 3.21bcde 3.58a 3.10cdef 3.35abcd 3.37abc 

Bitter p<0.001 0.094 1.91bcd 2.04abc 1.85cd 1.83cd 1.75d 2.22a 2.13ab 2.15ab 1.72d 1.85cd 2.15ab 

Earthy / 
Soil 0.599 0.069 1.81 1.98 1.82 1.81 1.86 1.83 1.84 1.71 1.83 1.81 1.85

Table continued...

Objective evaluation

Dry matter analysis on the tubers was performed gravimetrically 
according to the AOAC 934.01 method. Specific gravity was 
determined by weighing five tubers individually as is, followed by an 
underwater weighing where the tuber is placed in a net and submerged 
in water. Specific gravity is then calculated with the following 
equation:15 

      ( )
  

 
    

Weight in air
Specific gravity

Weight in air Weight under water
=

−

Statistical analyses

The data was captured using an Excel spreadsheet. Data was 
inspected for outliers using a residual test. 

Quantitative descriptive data of all attribute scores were subjected 
to analysis of variance ANOVA) using the GenStat statistical 
software.16  Analysis of variance was performed to determine the 
differences among cultivar effects at the 5% level. The Partial Least 
Squares regression procedure (PLS) of GenStat was used to establish 
which of the set of correlated  objective (X matrix) variables and 
11 cultivars were applied to determine and explain variation in the 
sensory profile (Y matrix) of slap chip potatoes.

Results and discussion
Grouping of potato cultivars according to slap chip 
qualities

The ANOVA analysis (Table 4) detected significant differences 
(p≤0.05) for 14 of the 17 sensory attributes between the different 
cultivars. Significant differences were seen in scores for aroma, non-
oral texture, oral texture, flavour and aftertaste attributes in chips from 
the eleven cultivars, except for earthy aroma, earthy flavour and earthy 
aftertaste. In future earthy/soil attributes can be removed from the 
taste panel form and need no longer be measured as an attribute. Deep 
fat frying of food can significantly alter the texture as well as flavour 
of a food. Certain textural and flavour aspects that already exist in 
the tubers can be enhanced and others decreased during the process 
of frying.17 The textural appeal of a potato has a critical influence on 
the acceptability of the potato and is a dominant indicator of quality 
among consumers.18

As there is no significant difference in the texture of the different 
slap chips, it can be assumed that all the cultivars would be texturally 
acceptable to consumers. However, no clear pattern of differences 
amongst the types of cultivars (waxy, waxy/floury, floury) emerged 
for any of the attributes, indicating that there are no significant 
differences in the textural properties between the different classes 
of tubers in the current classification system. Although there is 

http://doi.org/10.15406/jnhfe.2017.06.00203


Mapping of traditional potato fries (slap chips) from eleven potato cultivars 94
Copyright:

©2017 Muller et al.

Citation: Muller C, Scönfeldt HC, Hall N, et al. Mapping of traditional potato fries (slap chips) from eleven potato cultivars. J Nutr Health Food Eng. 
2017;6(3):88‒98. DOI: 10.15406/jnhfe.2017.06.00203

no cultivar that performed significantly better than the rest, seven 
(Mondial, BP1, Bp13, Van Der Plank, Fabula, Valor, Avalanche) of 
the eleven cultivars had generally higher values for typical fried chip 

flavour and typical fried chip aroma. This may indicate that they may 
be better suited for slap chip preparation. 

Table 4 Specific gravity and dry matter of analysis of eleven different potato cultivars 

Attribute P-value/unit
Cultivars

1 2 3 4 5 6 7 8 9 10 11

Specific 
gravity p<0.001 1.06ab 1.07bc 1.068bc 1.073bc 1.062b 1.064bc 1.077c 1.061ab 1.065bc 1.047a 1.059ab

Dry matter g 22.2 20.1 22.4 26.5 19.3 20.9 27.3 22.6 20.4 19.8 20.4

Aroma is an important aspect of fried food as the smell is 
associated with the textural and flavour appeal of food prepared in this 
manner.19 All the cultivars had a typical fried chip aroma (p<0.001), 
except for Fianna and Sifra, which had a low typical fried chip aroma 
and aftertaste. 

When evaluated on appearance, Mondial, Fabula, VDP, Sifra and 
Avalanche had an oily surface (p<0.001), with BP1, Darius and UTD 
differing significantly with a low oily surface. BP13 and Darius had 
a high ease of breaking (p<0.001) and Valor a low ease of breaking. 

The texture of Mondial, Fabula, VDP, Sifra and Avalanche inside 
the chip was higher (p<0.001) and BP1 lower. This corresponds to 
the results on oily surface appearance. BP13, BP1, Valor, UTD and 
Darius had a floury texture (p<0.001) and Mondial, Fabula, VDP, 
Sifra and Avalanche had a waxy texture (p<0.001). All the cultivars 
except for BP1 and Valor had a high grainy texture (p=0.031). 

Overall oiliness (aroma, texture, flavour and aftertaste) was lowest 
in Darius, with few statistical differences observed between Darius 
and BP1, BP13, UTD and Valor. Although, dry matter (Table 4) 
was high for both Fianna (27.3) and Darius (26.5), it seems to have 
influenced oil absorption to a greater extent in Darius. Mondial, 
Fabula, BP1, VDP, Valor and Avalanche had a high typical fried 
chip flavour (p<0.001). Darius had a low typical fried chip flavour. 
Mondial, Fabula and Avalanche had a high oily (p<0.001) and bitter 
(p=0.006) flavour and BP1 and Darius a low oily flavour, while Valor 
had a low bitter flavour. Fabula, UTD, BP1, Fianna and Sifra also had 
a high bitter aftertaste (p<0.001). 

Mondial, BP1, Valor and Avalanche had a typical fried chip 
aftertaste (p<0.001), and Fianna and Sifra a low typical fried chip 
aftertaste. Mondial, Fabula, Sifra, Avalanche and VDP had a high oily 
aftertaste (p<0.001) and Darius a low oily aftertaste, Darius also had 
a low oily aroma (p<0.001). 

Mondial and Fabula had high values for most of the attributes. 
Avalanche had high values for aroma and flavour attributes. Darius 
had low values for flavour. There was no significant difference in the 
earthiness of aroma, flavour and aftertaste of the chips (p> 0.05). 

Correlations between qualities

A single correlation matrix was drawn up to identify correlations 
between attributes identified by the taste panel. A correlation of 0.8 
and higher indicates a significant correlation and a correlation of 0.6 
and higher indicates a fair correlation.20 

Strong correlations were found between all aspects of oiliness. 
Oily texture correlated with oily aroma (r=0.7820) and highly 
correlated with oily appearance (r=0.8760), oily flavour (r=0.8859) 

and oily aftertaste (r=0.8480). Frying potatoes for a long time at 
a low temperature can have a significant impact on the amount of 
oil absorbed.10 This preparation method causes an overall oiler end 
product. 

Oily texture correlated positively with a waxy texture (r=0.7882), 
while it correlated negatively with a floury texture (r=-0.8201). This 
indicates that slap chips with a waxy texture appear oilier than slap 
chips made from potatoes with a floury texture. It has repeatedly 
been found that potatoes with a higher moisture and lower solids 
content (waxy), absorb more oil during frying because larger amounts 
of moisture are lost during cooking, which gives the chips an oilier 
appearance and taste. For this reason floury potatoes are generally 
preferred when preparing chips.6, 21

 It was found that if a potato appeared oily it had an oily flavour 
(r=0.9049) as well as an oily aftertaste (r=0.9423). A very strong 
negative correlation was seen between the texture of floury and waxy 
potatoes (r=0.9813) indicating that there was a significant difference 
in the textural properties of the different cultivars. A study conducted 
on boiled potatoes indicated that floury characteristics are among the 
most easily evaluated sensory attributes that can be evaluated by a 
sensory panel potatoes.22 In this study panellists could also identify 
the difference between waxy and floury slap chips.

Waxy potatoes had a strong correlation with oily aftertaste 
(r=0.8241), while floury potatoes had a negative correlation with oily 
aftertaste (r=-0.8241). A chip with an oily flavour is highly likely 
to have an oily aftertaste (r=0.9619). A consumer preference study 
showed that American consumers prefer chips that do not have an 
oily aftertaste and appearance.23 Chips that had a typical fresh potato 
aroma also had a typical fried chip flavour (r=0.8204) and typical fried 
aftertaste (r=0.8490). 

Dry matter and specific gravity correlated less with each other 
than expected at r=0.6831. A study conducted in 1975 in America 
indicated that there was a strong correlation (r=0.912) between the 
specific gravity and dry matter content of 1 269 tubers.20 In a study 
conducted in Pakistan, a correlation of r=0.5966 was seen between 
dry matter and specific gravity.24 Significant differences are generally 
seen in the correlation of specific gravity and dry matter in potatoes 
from different countries. These differences may be due to different 
cultivars and agronomical methods that are used in different countries.

Specific gravity is one of the most common methods used in the 
potato industry to determine the cooking and chipping quality of 
tubers as specific gravity is a determining factor of textural properties 
and cooking quality.1 The specific gravity determines the total solids 
and dry matter of a potato tuber.15
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Dry matter is seen as a more reliable, as it is a scientifically 
repeatable method of evaluation. Dry matter is measured by drying 
a known wet weigh of finely grated tuber, placing it in a drying oven 
to extract all the moisture from the flesh and then weighing it again to 
determine the total dry matter content.25

Because specific gravity measurements are simpler to obtain 
they are more often the chosen method of evaluation. Oregon State 
University developed a specific gravity and dry matter reference 
guide which indicates the relationship between specific gravity and 
dry matter. Specific gravity measures most commonly fall in ranges 
between 1.055-1.095 with correlating dry matter values of between 
16.5%-24%.26,27 In a study conducted in Pakistan the specific gravity 
of 32 different cultivars of potatoes was found to vary between 1.0343-
1.144324 which is a wider and higher range than the average values 
seen in European potatoes. Once again this can be due to different 
cultivars and agronomical methods that are used in different countries. 

Dry matter correlated with typical fried chip flavour (r=-0.6634) 
and earthy flavour (r=-0.6259). Specific gravity correlated with 
typical fried chip flavour (-0.6634), earthy flavour (-0.6259), oily 
flavour (-0.6675) and oily texture (r=0.8386). 

Typical fresh fried chip aroma correlated with typical fried chip 
flavour (0.8204) and typical fried chip aftertaste (0.8490). Typical 
fried chip aftertaste had a strong correlation with typical fried chip 
flavour (0.9665).

Both specific gravity and dry matter had a low correlation with 
floury (r=0.5327; r=0.1836) and waxy texture (r=-0.4331; r=-0.0271) 
indicating that, in the case of slap chips, neither of these criteria can be 

used as a determining factor for the floury or waxy texture observed 
through sensory testing. A consumer preference study found that fried 
potatoes with a low specific gravity content and thus a waxy texture 
were preferred over fried potatoes with a floury texture based on their 
textural appeal. However floury potatoes were preferred due to their 
flavour.28 

The first two dimensions of the PLS (SC1 and SC2) accounted for 
95.41% of the data, 83.71% was declared in the first dimension and 
11.70% was declared in the second dimension with latent roots of 
72.66 and 10.16 (should be >1 to be significant). 

In the first dimension (SC1) the positive loadings were typical 
fried chip flavour (r=0.669), earthy flavour (r=0.620); and dry matter 
(r=-0.999), depicted as a negative loading. These attributes of the first 
dimension explain the different grouping of Fabula and UTD versus 
Sifra, BP1, BP13 and Darius.

The second dimension (SC2) variance had negative loadings 
for floury texture (r=-0.965) and positive loading for waxy texture 
(r=0.984), oily appearance (r=0.915), oily aftertaste (r=0.871), oily 
flavour (r=0.807 and oily aroma (r=0.743).29

Waxy texture and oily appearance, oily aftertaste and oily flavour 
contributed to the grouping of Fianna, Mondial, Valor, Sifra and 
Buffelspoort (BP13), in contrast to UTD, VDP, Avalanche, Darius 
and BP1. 

Table 5 Percentage variance explained in the first and second 
dimension for sensory attributes and objective tests done on slap chips 
made from eleven different cultivars

Table 5 Percentage variance explained in the first and second dimension for sensory attributes and objective tests done on slap chips made from eleven 
different cultivars 

Y Matrix %Variance explained X Matrix %Variance explained

Sensory attributes 1st Dimension 2nd Dimension Objective measures 1st Dimension 2nd Dimension

Typical fresh fried chip aroma 4.17 5.48 NDF 0.81 2.32

Earthy aroma 0.28 0.34 DM 98.8 6.83

Oily Aroma 1.83 15.1 SG 0.16 0.01

Oiliness non-oral 3.38 35.2      

Ease of breaking 10.5 11.8      

Oiliness oral 2.88 17.5      

Mealiness oral 4.950 62.0      

Waxy oral 1.11 58.3      

Grainy oral 3.90 6.15      

Typical fried chip flavour 4.74 5.09      

Oily flavour 2.45 17.5      

Bitter flavour 0.86 3.30      

Earthy flavour 2.28 1.13      
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Y Matrix %Variance explained X Matrix %Variance explained

Sensory attributes 1st Dimension 2nd Dimension Objective measures 1st Dimension 2nd Dimension

Typical fried chip after taste 3.39 6.64      

Oily after taste 2.35 17.8      

Bitter after taste 0.97 2.96      

Earthy after taste 0.64 3.64      

Table continued...

Currently potato classification is mainly determined by measuring 
the specific gravity of a cultivar. Specific gravity is a relatively poor 
indicator (r=-0.228) of texture, but it appears that dry matter content 
can deliver more accurate results (r=-0.999) for chips.30,31 

The percentage variance (PLS) as explained in Table 5 shows that 

dependant variables (sensory attributes) are primarily explained by 
oral mealiness in the second dimension while no sensory attributes 
explained variance in the first dimension. Variance of the independent 
variables, i.e. chemical analysis, was explained by percentage dry 
matter.

Annexure 1

Name Day, 4 (19 April) Session, 3

Attribute Sample Code 104

Aroma  
Evaluate whole chip None Hint Slight Weak Moderate High Very High Extremely

Typical fresh fried chip 1 2 3 4 5 6 7 8

Earthy (with earthy potato skin notes) 1 2 3 4 5 6 7 8

Oily 1 2 3 4 5 6 7 8

Texture: Non-Oral None Hint Slight Weak Moderate High Very High Extremely

Oiliness on the surface 1 2 3 4 5 6 7 8

Ease of breaking (bend chip till two ends join) 1 2 3 4 5 6 7 8

Texture: Oral  
Evaluate the inside of the chip only None Hint Slight Weak Moderate High Very High Extremely

Oiliness inside the chip 1 2 3 4 5 6 7 8

Mealiness/Floury - how floury/crumbly or dry 
the potato is 1 2 3 4 5 6 7 8

Waxy: moist, mushy (smooth) with some lumps 
and stickiness 1 2 3 4 5 6 7 8

Grainy: content of grainy particles in the mouth 
after chewing 1 2 3 4 5 6 7 8

Flavour  
Evaluate the whole chip None Hint Slight Weak Moderate High Very High Extremely

Typical fried chip 1 2 3 4 5 6 7 8

Oily 1 2 3 4 5 6 7 8

Bitter (caffeine) or (green/unripe potato, 
astringent, burned) 1 2 3 4 5 6 7 8

Earthy/Soil (with earthy potato skin notes) 1 2 3 4 5 6 7 8
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Attribute Sample Code 104

After Taste  
Whole chip None Hint Slight Weak Moderate High Very High Extremely

Typical fried chip 1 2 3 4 5 6 7 8

Oily 1 2 3 4 5 6 7 8

Bitter (green/unripe potato, astringent, burned) 1 2 3 4 5 6 7 8

Earthy/Soil (with earthy potato skin notes) 1 2 3 4 5 6 7 8

Table continued...

Conclusions and recommendations
A standardised cooking method was developed to ensure that 

the slap chips tested in this study were true to market practices. The 
trained sensory panel that tested the slap chips found no obvious 
grouping for cultivars within the same class according to the South 
African potato classification system.

Oiliness was one of the biggest discriminating factors seen between 
cultivars. Chips that appeared oily had an oily flavour, aroma, feel 
and aftertaste. Darius was the cultivar that had the lowest scores for 
oily attributes. However, there was no clear difference amongst the 
types of cultivars (waxy, waxy/floury, floury) for sensory attributes, 
which indicates that there is no significant difference in the textural 
properties of the tubers when they are deep fat fried. However certain 
cultivars scored higher on typical slap chip attributes, these included 
Mondial, BP1, BP13, Van Der Plank, Fabula, Valor and Avalanche. 

It can be concluded that deep fat frying has such a significant 
impact on the chip characteristics that cultivar specific attributes have 
a lesser impact on the final characteristics of the product. 

It is recommended that preference for different cultivars be tested 
using typical consumers of slap chips. 
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