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Abstract Processing conditions are an important deter-
minant of French fry quality. However, the effect of low-
temperature long-time (LTLT) and high-temperature short-
time (HTST) blanching and frying treatments has not been
investigated in many cultivars. The current study investi-
gates the effect of the sequential application of these
treatments on French fries processed from six Irish potato
cultivars (Fianna, Innovator, Mondial, Navigator, Panam-
era and Savanna). Blanching was effected at 75 °C for
10 min or 85 °C for 5 min and frying was effected at
160 °C for 2 min or 180 °C for 1 min. These treatments
resulted in significant differences in the quality of the fries
across the cultivars. The blanching treatments had a greater
impact on the French fry quality than the frying treatments.
LTLT blanching resulted in lower oil (12—-13% fresh mass
basis [fmb]), and higher protein (3.5-4.3% fmb) and min-
eral content in the French fries processed from Innovator,
compared to HTST blanching. This was accompanied by a
crispier crust, which required a greater puncture force
(1.2-2.1 N) for penetration. Blanching with the LTLT
treatment before HTST frying resulted in French fries that
were the most acceptable to consumers and these were
from Fianna, Innovator and Mondial. The current study
demonstrates that the effect of French fry processing con-
ditions is cultivar-dependent.
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Introduction

The increasing awareness of the influence of food on
human health has shifted consumer preferences to healthier
foods (Aschemann-Witzel and Hamm 2010). This makes it
necessary for French fry processors to prioritise preserva-
tion and even enhancement of the nutritional value during
processing. Although the quality of French fries mainly
depends on the cultivar processed, it is also affected by the
processing conditions (Agblor and Scanlon 2000; O’Con-
nor et al. 2001; Elmore et al. 2015; Yang et al. 2016).
Industrial processing of French fries usually involves the
sequential application of hot water treatment (blanching),
hot air drying and partial deep fat frying, before French fry
strips are cooled, frozen and packaged for final processing.
Blanching is mainly aimed at inactivating enzymes
responsible for browning (polyphenol oxidase and peroxi-
dase) and lowering the reducing sugar content of the raw
potatoes (Mestdagh et al. 2008; Yu et al. 2010; Mariotti
et al. 2015). The process also promotes gelatinisation of
starch, and subsequent moisture reduction through the
partial drying and frying steps. However, blanching is
responsible for some of the nutrient losses that occur dur-
ing French fry processing (Arroqui et al. 2002; Haase and
Weber 2003; Jimenez et al. 2015). Furthermore, the deep
fat frying operation ensures rapid cooking and the devel-
opment of a unique flavour and other sensory properties,
which is largely associated with oil uptake. The final oil
content of French fries raises consumer health concerns.
Variants of the blanching and frying techniques, such as
infrared dry blanching and vacuum frying, have been
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explored, to limit nutrient loss and oil absorption in French
fries (Bingol et al. 2012, 2014; Pedreschi 2012; Teruel
et al. 2015). However, such applications have not been
commercialised due to implementation complexity and
higher financial investment requirements, compared to
traditional processing methods. With technological and
economic feasibility taken into consideration, finding a
good balance between the temperature and time for
blanching and frying is the simplest way of influencing
product quality on an industrial scale.

The application of a low-temperature long-time (LTLT)
blanching treatment, at 55-75 °C for 10-60 min, has been
shown to improve the quality of French fries (Aguilar et al.
1997; Pedreschi et al. 2008). However, Mestdagh et al.
(2008) reported that blanching French fry strips at higher
temperatures (i.e. 70-80 °C) was more effective at reduc-
ing the levels of reducing sugars relative to blanching at
lower temperatures. Reducing sugars increase the potential
for acrylamide formation, which is not desirable. These
studies also demonstrated that blanching temperature was
the main factor affecting the potential for acrylamide for-
mation rather than blanching time. On the other hand, low
frying temperatures have been reported to result in higher
oil uptake, compared with high frying temperatures
(Moyano and Pedreschi 2006). Studies investigating the
frying parameters for French fries also highlight tempera-
ture as the main factor influencing French fry quality,
rather than time (Liu and Scanlon 2007; Mestdagh et al.
2008; Millin et al. 2016). However, the effect of LTLT and
HTST blanching and frying treatments and their sequential
application is not known for many cultivars. The applica-
tion of LTLT and HTST blanching and frying treatments
has been contrasted by Agblor and Scanlon (2000) on the
well-known French fry cultivars, Russert Burbank and
Shepody. That study showed that HTST blanching (97 °C
for 2 min) and frying (182 °C for 1.5 min) produced fries
with a lower crust hardness, whilst LTLT blanching (70 °C
for 10 min) and frying (166 °C for 3.5 min) produced the
opposite result. van Loon et al. (2007) tested the effect of
different partial-frying time and temperature combinations,
which included LTLT and HTST treatments, on the culti-
var, Agria, and reported that HTST partial-frying (180 °C
for 1.9-2.2 min) resulted in a crispier product, compared
with LTLT partial-frying (160 °C for 1.4-1.6 min). Since
the physicochemical characteristics of potatoes change
with genotype, the present contribution focuses on
describing the effect of the selected blanching and frying
treatments on five other cultivars, which have not been
delineated for French fry processing, together with a
known French fry cultivar. The six cultivars evaluated were
selected based on the countrywide (South Africa) avail-
ability of seed tubers at the time of the investigation. The
five non-delineated cultivars, altogether, represented those
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that are popular and those that have recently been intro-
duced in the local potato industry. The objective of the
study is to compare the sequential application of LTLT and
HTST blanching and frying treatments on the nutritional
and sensory quality of the respective cultivars. This is done
to evaluate their suitability for French fry processing,
and to make recommendations for suitable processing
methods.

Materials and methods

Irish potatoes (Solanum tuberosum L.) of the cultivars,
Fianna, Innovator, Mondial, Navigator, Panamera and
Savanna, were produced at the Ukulinga Research Farm, of
the University of KwaZulu-Natal, Pietermaritzburg, South
Africa (30°24'E, 29°40’S). This was under the same cul-
tivation conditions, with irrigation, during the 2014/15
production season (summer). Potatoes were manually har-
vested in March 2015 and stored in nylon mesh bags in a
temperature-controlled room (8-12 °C; relative humidity
>75%), in the dark, for up to 2 months. Of the six culti-
vars, Innovator is used for industrial French fry processing,
Mondial is popular and the other cultivars are new in the
South African potato industry. A factorial design with six
cultivars, two blanching treatments and two frying tem-
peratures was used.

French fry processing

Potatoes were retrieved from storage, allowed to acclimate
to an ambient temperature (£25 °C) over-night and peeled
using a 12 kg electric potato peeler (Anvil, South Africa).
Peeled potatoes were cut into 10 mm x 10 mm strips with
a manual French fry chipper and rinsed in tap water. Bat-
ches of the strips (1.5 kg each batch) were blanched in a
two litre water bath either at 75 °C for 10 min (LTLT
blanching) or at 85 °C for 5 min (HTST blanching). Water
was drained by transferring strips into a stainless steel
sieve, then the strips were partially dried in a convection
oven at 85 °C for 10 min (Pedreschi et al. 2008). The strips
were partially fried in commercial canola oil (den-
sity = 0.89 g cm®, at an ambient temperature), in a deep
fat fryer either at 160 °C for 2 min (LTLT frying) or
180 °C for 1 min (HTST frying), in a 1:10 (w/v) potato to
oil ratio (van Loon et al. 2007). For each cultivar, the oil of
each of the two frying treatments was changed (replaced
with fresh oil) after frying triplicate samples of each of the
two blanching treatments (i.e. six samples of each cultivar
were fried before changing the oil). The weight of each
blanched sample to be fried was 1 kg. The oil was
replenished after frying each sample. Oil deterioration was
monitored by measuring the total polar compounds using a
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Testo 270 deep-frying oil tester (Testo Inc., Germany),
which did not exceed 11% at the point of discard. Imme-
diately after frying, strips were placed in a glass tray lined
with paper towel, to drain excess oil until they cooled to an
ambient temperature, packaged in freezer bags (Glad,
China) and freeze-stored at —20 °C until required for
quality assessments. After storage, French fries were
retrieved and their frying completed in the same conditions
as for partial frying. French fries were allowed to cool to
room temperature and then analysed for moisture content
and consumer acceptance as described below. The rest of
the fries were packed back into freezer bags and stored in a
freezer until required for other chemical analyses.

Chemical analyses
Moisture content

Three randomly selected French fries were weighed before
and after oven-drying at 105 °C to a constant weight
(Mariotti et al. 2015). Moisture content was calculated and
expressed as the percentage of weight lost during oven-
drying.

Oil content

Randomly selected frozen French fries were lyophilised (at
—56 °C, 4.0 mbar) for 72 h, using a VirTis BenchTop ‘K’
series freeze dryer (SP Industries, USA), and ground with
an electric coffee bean grinder (Mellerware, South Africa).
The samples were stored in air-tight plastic bags at an
ambient temperature, up to a week, before analysis. Oil
content was determined in triplicate from the ground
samples. Two g sample aliquots were mixed with 4 g
anhydrous Na,SO, and 10 ml hexane, swirled for 1 min
and left to stand in a fume hood at an ambient temperature
for 5 min (Csallany et al. 2015). The hexane supernatant
was decanted into a pre-weighed glass scintillation vial and
extraction was repeated on the sediment, twice more, with
10 ml of hexane. The hexane portions were combined and
the hexane evaporated using a GenVac EZ-2 evaporator
(Ipswich, UK). The oil extracted was weighed and
expressed as a percentage on a fresh mass basis (fmb).

Crude protein content

Frozen French fries were dried at 75 °C overnight and
milled with an SM 300 milling machine (Retsch, Ger-
many), to prepare three 0.5 g dry samples. Crude protein
content was determined using the automated Dumas dry
combustion method (Barta and Bartova 2008). The 0.5 g
samples were placed in ceramic crucibles, into which 0.5 g

of vanadium pentoxide was added as a combustion catalyst.
This was burnt in a stream of oxygen at 1350 °C in a
horizontal furnace of a LECO CNS 2000 Elemental Ana-
lyzer (LECO Corporation, USA). Nitrogen was determined
(as N») in a thermal conductivity cell, against an Alfalfa
standard (LECO Africa, South Africa). The crude protein
content was calculated by multiplying total weight of
nitrogen by a conversion factor of 6.25 and expressed as a
percentage on a fmb.

Mineral content

Mineral element content was determined, in triplicate, from
frozen French fry samples. French fries were dried at
105 °C for 2 h and milled with the SM 300 milling
machine, to obtain a 0.5 g sample. This was burnt to ash in
a furnace overnight at 450 °C and placed in a 100 ml pre-
weighed glass beaker. The ash was moistened with a few
drops of deionised water before adding 2 ml of HCI (32%).
The sample was placed in a boiling water bath in a fume
hood to ensure thorough dryness through evaporation. A
25 ml solution made from HCI and deionised water (ratio
1:9) was added. The sample was stirred and filtered using
Whatman’s No. 1 filter paper. The filtrate was diluted with
deionised water to a 1:5 dilution ratio and analysed for
phosphorous (P), potassium (K), calcium (Ca), magnesium
(Mg), sodium (Na), zinc (Zn), copper (Cu), manganese
(Mn), iron (Fe) and aluminium (Al) using an inductively
coupled plasma optical emission spectrometer Vista-MPX
2004 (Varian, Australia). Analysis was done against known
standard solutions of the elements (Separations, South
Africa) and a blank (deionised water). The mineral element
content was expressed as mg 100 g~ fresh mass.

Physical analyses
Colour

Three randomly selected French fries were assessed at three
points along the length of each French fry using a Chroma
Meter CR-400 (Konica Minolta, Japan) to obtain the mean
Hunter L*, a* and b* colour coordinates. The Hunter Lab
colour system uses L* as a measure of lightness (0 = black
to 100 = white), a* as a measure of redness and
(+a* = redness; —a* = greenness), and b* as a measure of
yellowness (4b* = yellowness; —b* = blueness).

Crust hardness
Crust puncture assessments were done using the Instron

3345 Universal Testing Machine (High Wycombe, Eng-
land) with the Instron Bluehill 2 Version 2.25 software. A
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1.5 mm diameter cylindrical probe was used to puncture
three holes at three points along the length of a French fry,
at a test speed of 1 mm s~ ', at an ambient temperature
(£25 °C). Penetration was to the depth of 2 mm (Al-
Khusaibi et al. 2015). This gives an indication of the
maximum shear force (N) required to puncture the fries
(i.e. overall hardness of the crust).

Sensory evaluation

Fry sensory acceptability in terms of taste, oiliness and
overall acceptability was measured by sixty untrained
panellists using a 9-point hedonic rating scale to determine
consumer acceptance of the products (1 = dislike extre-
mely, 5 = neutral and 9 = like extremely). Only the use of
one-digit scores was permitted. Ethical approval to conduct
this assessment was obtained from the University of
KwaZulu-Natal, Humanities and Social Sciences Research
Ethics Committee (reference number HSS/0871/015D)
before panellists, from the university community, were
recruited for participation. The panellists were students and
staff, of age ranging from 16 to 55 years. Samples were
blind labelled with three-digit numbers obtained from The
Table of Random Numbers and served in random order
determined from the Table of Random Permutations of
Nine. Panellists were provided with an evaluation

-]

Fig. 1 Moisture (a), oil (b) and
protein (c) content of French
after processing. LTLT low-
temperature long-time (75 °C
for 10 min for blanching and
160 °C for 2 min for frying),
HTST high-temperature short-
time (85 °C for 5 min for
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questionnaire to rate the taste, oiliness and overall
acceptability of the coded samples (Lloyd et al. 2004).
Bottled spring water was provided for the panellists to rinse
their palates between samples.

Data analysis

Results were analysed using GenStat for Windows (17th
edition; VSN International, United Kingdom). The general
Analysis of Variance was used to test for differences and
interaction between parameters. Duncan’s multiple com-
parisons test was used to separate means at the 95%
probability level. Pearson’s correlation analysis was per-
formed to determine the relationships between parameters.

Results and discussion

Chemical composition of the French fries

Moisture content

Figure la shows that French fry moisture content signifi-
cantly (P < 0.01) differed among cultivars, but the differ-

ences resulting from the blanching and frying treatments
tested were not significant (P > 0.05). The two-way
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interaction between cultivar and blanching treatment was
significant (P < 0.01), while that between cultivar and
frying treatment and the three-way interaction between all
three factors (cultivar, blanching and frying treatments)
were not significant (P > 0.05). As it can be seen in
Fig. la, French fries of Savanna generally had the highest
moisture content (54-57%), while those of Fianna and
Innovator had the lowest (<46%). Those of Fianna had a
significantly lower moisture content than those of Savanna,
regardless of the processing treatments used. Using the
moisture content of French fries, the cultivars could be
described in the following order: Savanna > Naviga-
tor > Mondial > Panamera > Innovator > Fianna. = The
results reported in this study were within the range of
moisture contents reported by Sanz et al. (2007), for
industrial fries. The relative differences in the moisture
content of French fries from the six cultivars were
reflective of the differences that existed in raw potatoes
(data not shown), as moisture loss is proportional to the
moisture content of raw material (Pedreschi 2012). French
fries processed from Innovator had the largest difference
in moisture content (29-30%) when blanching was
effected through the HTST treatment, compared with
LTLT blanching, regardless of the frying treatment
applied after blanching. In this case, HTST-blanched
French fries had a lower moisture content (32%) than
LTLT-blanched fries (45-46%). This trend was not evi-
dent in French fries processed from the other cultivars.
Notably, the moisture content of the French fries pro-
cessed from Innovator that had been HTST-blanched
before frying was significantly lower than that of the other
cultivars processed using the same treatments, except
those of Fianna. The lack of statistical differences in the
moisture content of French fries resulting from the main
effects of the blanching and frying treatments in the other
cultivars could be attributed to the overriding differences
in the raw material due to genotype. This could also be
attributed to the narrow differences in the time and tem-
perature treatment combinations that were applied.
However, the moisture content of French fries has been
shown to typically decrease when frying times and tem-
peratures are increased independently in other studies
(Pedreschi and Moyano 2005; Bingol et al. 2012).

Oil content

Figure 1b shows that the oil content of the French fries
significantly (P < 0.01) differed among cultivars and
between the blanching and frying treatments tested. Just
like with moisture content, a significant (P < 0.001) two-
way interaction between cultivar and blanching treatment,
and a three-way interaction among the three factors tested
were detected. However, no other interactions were

significant (P > 0.05). As it can be seen in Fig. 1b, the
French fries processed from Savanna generally had the
lowest oil content (8—10%), while those of Innovator, that
had been subjected to HTST blanching before frying, had
the highest oil content (19-31%). The differences in the oil
content of French fries from the cultivars can be attributed
to a negative correlation (r = —0.75) between the moisture
and oil content of fries analysed in the present study. The
inverse relationship between the moisture and oil content
of fries has also been reported by Bingol et al. (2012), and
is a reflection of a similar relationship between the mois-
ture content of raw potatoes and the oil content of fries
(Krokida et al. 2001; van Loon et al. 2007). This is because
oil enters potatoes through a water replacement mecha-
nism, which involves changes in cellular structures and the
formation of pores during frying, to fill some of the spaces
created by induced dehydration (Saguy and Dana 2003).

In agreement with the results of the present study, other
studies have shown that blanching, when succeeded by
frying, has a significant effect on the oil absorption
capacity of potatoes. Two independent studies have shown
that French fry strips blanched with the HTST (97 °C for
2 min) treatment absorb more oil (Pedreschi et al. 2005),
and LTLT-blanched (55-70 °C for 15-60 min) fries absorb
less oil (Mestdagh et al. 2008), compared with non-blan-
ched strips. This is because blanching involves the com-
bined application of heat and water, which gelatinises the
starch on the surface of potato strips. In the present study,
the direction of the change of the oil content, in response to
the blanching and frying treatments tested, was not con-
sistent among cultivars (Fig. 1b). French fries processed
from Innovator, had the largest difference in oil content
(=37%) when blanching was effected through the HTST
treatment, compared with the LTLT treatment, regardless
of the frying treatment applied after blanching. In this case,
HTST-blanched French fries had a higher oil content
(19-21%) than LTLT-blanched fries (12%). This was also
evident in French fries processed from Savanna and
Panamera, but not in French fries processed from other
cultivars (Fig. 1b). In the literature, there is a lack of
studies which contrast the oil content of French fries made
from strips blanched with the two blanching treatments
investigated in the present study.

Crude protein content

Figure Ic shows that, as with oil content, the protein
content of French fries significantly (P < 0.01) differed
among cultivars and between the blanching and frying
treatments tested. All interactions between the factors were
significant (P < 0.01). There was a positive correlation
(r = 0.70) between the protein and moisture content of
fries. Furthermore, French fry protein content was
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negatively correlated to oil content (r = —0.74). The
direction of the change of the protein content, in response
to the blanching and frying treatments tested, was not
consistent among cultivars. As can be seen in Fig. lc,
French fries processed from Innovator that had been sub-
jected to HTST blanching before frying, had the lowest
protein content (2.2%). As with oil content, French fries
processed from Innovator showed the largest difference in
protein content (>37%) when blanching was effected
through HTST blanching (2.2%), compared with LTLT
blanching (3.5 and 4.3%), regardless of the frying treat-
ment applied after blanching. This is thought to be due to
the leaching of proteins during the blanching process, as
also reported by Bognar (1998) for boiled potatoes. Bognar

=

1ght

Ca(mg 100g")

Mg (mg 100 g) ~
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BBlanch LTLT, Fry LTLT

Fig. 2 Mineral element (P [a], K [b], Ca [c], Mg [d], Na [e], Zn [f],
Cu [g], Mn [h], Fe [i] and Al [j]) content of French fries after
processing. LTLT low-temperature long-time (75 °C for 10 min for
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(1998) showed that deep fat frying potatoes resulted in a
higher protein retention than boiling. In the present study,
French fries processed from Innovator that had been sub-
jected to LTLT blanching before frying with the HTST
treatment had the highest protein content (4.3%).

Mineral content

The mineral content of the French fries produced in the
present study (P, K, Ca, Mg, Na, Zn, Cu, Mn, Fe and Al)
significantly (P < 0.001) differed among cultivars. Gen-
erally, the mineral content of the French fries significantly
(P < 0.05) differed with the processing treatments (Fig. 2).
However, the blanching treatments tested non-significantly
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short-time (85 °C for 5 min for blanching and 180 °C for 1 min for
frying). Bars with the same letter differ non-significantly (P > 0.05)
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affected the K and Zn contents, and the frying treatments
non-significantly affected the Ca, Cu and Mn contents
(Fig. 2b, c, f, g, h). HTST blanching followed by frying
resulted in considerable decreases in the mineral content of
French fries processed from Innovator. This was attributed
to the leaching of nutrients during the blanching step
(Bognar 1998), which was exacerbated by an increase in
blanching temperature. While nutrient leaching is a dis-
advantage in terms of the dietary contribution for most
elements, it is an advantage in the case of Na and Al, as a
high consumption of these minerals has negative implica-
tions on human health (Aguilar et al. 2008). The results
from the present study are in agreement with those reported
by Arroqui et al. (2002), Haase and Weber (2003) and
Jimenez et al. (2015), who showed that the blanching
operation is responsible for most of the ascorbic acid lost
during French fry processing. The present study further
indicates that the nutrient losses are severe if blanching is
done through the HTST treatment, instead of the LTLT
treatment. Such an effect is suggestive of temperature
enhancing the leaching of minerals from the potato tissues.
This was supported by the detection of a positive correla-
tion between the content of a number of the mineral

Fig. 3 Colour of French fries,
in terms of a lightness,

b redness and ¢ yellowness,
after processing. LTLT low-
temperature long-time (75 °C
for 10 min for blanching and
160 °C for 2 min for frying),
HTST high-temperature short-
time (85 °C for 5 min for

Lightness

elements assessed in the present study, i.e. P, K, Ca, Mg,
Cu and Mn, and the moisture and the protein content in the
fries (r > 0.50).

Physical properties of the French fries
Colour

The lightness of French fries significantly (P < 0.001) dif-
fered among cultivars, but the differences between the
blanching and frying treatments tested were not significant
(P > 0.05). The differences among cultivars were evident in
French fries processed using the same treatments (Fig. 3).
There was a significant (P < 0.01) two-way interaction
between cultivar and the frying treatments and between the
blanching and frying treatments. All the other interactions
between factors were not significant (P > 0.05). Figure 3a
shows that French fries processed from Savanna were gen-
erally the lightest, while those processed from Fianna were
the least light, except those that had been subjected to LTLT
blanching and frying. Using the lightness coordinates
obtained from the Chroma Meter, the cultivars can be
described in the following order: Savanna > Innovator >
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Mondial > Navigator > Panamera > Fianna. These results
are an objective way of comparing the quality of French fries,
as French fry lightness is known to be negatively correlated to
the acrylamide content—a probable human carcinogen (Yang
et al. 2016). Based on these findings, it can be deduced that
French fries of Savanna had the lowest concentration of
acrylamide than all the other cultivars and that those pro-
cessed from Fianna had the highest acrylamide content.

This conjecture is also supported by the results on the
redness of the fries (Fig. 3b), which show that French fries
processed from Savanna were the least red. Redness has
been shown to be positively correlated to the acrylamide
content (Pedreschi et al. 2005). Moreover, Innovator resulted
in the yellowest fries, and Fianna produced the least yellow
fries (Fig. 3c). While the lightest fries are ideal to limit the
consumption of acrylamide, a bright golden brown colour is
desired in the product, and this corresponds to colours 1 and
2 on the USDA colour standards for French fried potatoes
(USDA 2007). The fries produced in the present study were
within this range, however, those processed from Savanna
were far lighter and corresponded to colour O (Fig. 4).
French fries processed from Innovator, Fianna and Panam-
era corresponded to colour 1 and those of Navigator and
Mondial corresponded to colour 2 (Fig. 4).

Crust hardness

The force required to penetrate the crust of French fries
significantly (P < 0.01) differed among cultivars and

Fig. 4 French fries after
processing with the LTLT
blanching and frying treatment.
Rows show three randomly
selected strips from of the same
cultivar. LTLT low-temperature
long-time (75 °C for 10 min for
blanching and 160 °C for 2 min
for frying), HTST high-
temperature short-time (85 °C
for 5 min for blanching and
180 °C for 1 min for frying)

@ Springer

between the blanching treatments tested, but the differ-
ences arising from the frying treatments were not signif-
icant (P > 0.05). Only the two-way interaction between
cultivar and the blanching treatments was found to be
significant (P < 0.05) on the crust hardness of French
fries. All other interactions were not significant
(P > 0.05). The peak force detected in samples ranged
from 0.68 to 2.2 N (Fig. 5a). French fries processed from
Innovator that had been subjected to LTLT blanching and
frying were the hardest, and these were followed by those
processed from Fianna that had been subjected to LTLT
blanching before frying with the HTST treatment. Fries of
Savanna were generally the softest. French fries blanched
with the LTLT treatment were the hardest for most cul-
tivars, except those processed from Fianna. This trend
indicates that HTST blanching results in decreased
crispness. This is in agreement with the findings of Agblor
and Scanlon (2000) and Kita and Lisifiska (2005), who
showed that LTLT blanching improves French fry textural
quality. Decreased crust hardness results from processes
such as starch gelatinisation and sugar caramelisation,
which become prominent at the temperature used for
HTST blanching in this study (Aguilera et al. 2001; Liu
and Scanlon 2007; Mestdagh et al. 2008). Starch gela-
tinisation and sugar caramelisation promote tissue soft-
ening and the development of a rubbery texture. The non-
significance of differences in French fries produced from
the frying treatments tested in this study was consistent
with observations by van Koerten et al. (2015). Those

Panamera
Mondial

Fianna

Innovator

Savanna

Navigator
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authors showed that differences in French fry hardness
were not significant when frying was tested at tempera-
tures within the 150-180 °C range and time varied for up
to two min.

However, that study revealed that crust hardness sig-
nificantly decreases when frying was done at 195 °C.
Teruel et al. (2015) further showed that larger variations in
frying time (=5 min) resulted in significant changes in
crust hardness because the crust tends to thicken and
become harder at high temperatures. In the present study,
no consistent trends were detected in the deformation of
French fries between the blanching and frying treatments
tested (Fig. 5b). This was considered to be mainly due to
the confounding differences in the potatoes processed
arising from genotypic differences. However, peak defor-
mation differences among cultivars were significant
(P < 0.05). French fries processed from Fianna that had
been subjected to LTLT blanching and frying had the least
deformation, while those processed from Savanna that had
been fried with the HTST treatment after blanching had the
most deformation (Fig. 5b).

Consumer acceptance of the French fries

Figure 6 shows consumer acceptability of the French fries
from all the treatment combinations tested in the present
study. The ratings given by the panellists regarding the
taste, oiliness and overall acceptability of French fry
samples significantly (P < 0.05) differed among cultivars
and between the blanching treatments.

However, differences in the ratings arising from the
frying treatments were not significant (P > 0.05). Fur-
thermore, all the interactions between cultivar, the

o,
Ly,
%y

4,

Cultivar

blanching treatments and the frying treatments significantly
(P > 0.05) affected the acceptability scores. This result
made the selection of a suitable processing protocol culti-
var-dependent. In terms of taste and overall acceptability,
French fries processed from Fianna, Innovator and Mondial
that had been subjected to LTLT blanching before frying
with the HTST treatment were the most acceptable to the
panellists (acceptability score >7) (Fig. 6). In addition,
French fries processed from Navigator that had been sub-
jected to HTST blanching and frying were acceptable on a
similar degree (acceptability scores for taste and overall
acceptability >7). For French fries processed from
Panamera, HTST blanching followed by LTLT frying was
the best treatment combination, which received an
acceptability score >6. For Savanna, French fries that had
been subjected to LTLT blanching and frying were the
most acceptable (acceptability score >6). It was noted that
the French fries produced in the present study, in most
cases, had lower scores for oiliness acceptability than for
taste and overall acceptability (Fig. 6). Panellists disliked
the oiliness of French fries processed from Savanna the
most, along with those of Mondial that had been subjected
to HTST blanching before frying (acceptability score <5).
Considering that the oil quantification analysis showed that
these fries had the highest moisture and the lowest oil
content than the fries from other cultivars (Fig. 1b), the
dislike of fries from Savanna and Mondial that had been
subjected to HTST blanching before frying is attributed to
consumers preferring French fries that are moderately oily.
Although, by quantification, the French fries processed
from Innovator that had been subjected to HTST blanching
before frying had the highest oil content (Fig. 1b), those
that were subjected to LTLT frying after blanching had the
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Fig. 6 Taste, oiliness and
overall acceptability of French
fries after processing. Labels
indicate the name of the
cultivar, the blanching treatment

Savanna HTST HTST 8
Savanna HTST LTLT

Savanna LTLT HTST

Fianna LTLT LTLT
Fianna LTLT HTST
Fianna HTST LTLT

Fianna HTST HTST

and the frying treatment Savanna LTLT LTLT Innovator LTLT LTLT
applied, respectively.
LTLT low-temperature long- Panamera HTST HTST Innovator LTLT HTST
time and HTST high-
temperature short-time. For
blanching: LTLT = 75 °C for Panamera HTST LTLT Innovator HTST LTLT
10 min and HTST = 85 °C for
5 min. For frying: Panamera LTLT HTST Innovator HTST HTST
LTLT = 160 °C for 2 min and
HTST = 180 °C for 1 min. Panamera LTLT LTLT Mondial LTLT LTLT
Graph shows the mean score
given by consumers (n = 60) Navigator HTST HTST Mondial LTLT HTST
using a 9-point hedonic scale . .
(1 = dislike extremely Navigator HTST LTLT Mondial HTST LTLT
5 _ land 9 — l.’k Navigator LTLT HTST Mondial HTST HTST

= neutral and 3 = like Navigator LTLT LTLT
extremely)

------- Taste — - -Oilines Overall

most acceptable oiliness (acceptability score >6) (Fig. 6).
French fries processed from Innovator that had been sub-
jected to HTST blanching and frying, and those of Savanna
that had been subjected to LTLT blanching before frying
with the HTST treatment, were the only products that were
not acceptable to panellist (overall acceptability score <5).

Conclusion

The results from this study indicate that the LTLT and
HTST blanching and frying treatments tested have signif-
icant effects on the physical and sensory quality of French
fries. However, the treatments tested did not affect the
moisture and colour of the French fries. The effect of
LTLT and HTST blanching and frying differed across
cultivars, due to differences in the raw material attributed
to genotype. This demonstrated the overriding effect of
genotype on the French fry quality and indicated that
selection of a suitable processing protocol should be done
on a cultivar basis. In addition, the study showed that the
blanching treatments had a greater impact on the French fry
quality than the frying treatments. LTLT blanching and
HTST frying were the best procedures for processing
French fries from Fianna, Innovator and Mondial between
the treatments tested. LTLT blanching particularly resulted
in better mineral element retention in French fries, espe-
cially those processed from Innovator, compared with
HTST blanching.
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