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Abstract

This study presents the experimental and statistical examination of different process
applications in the production process of the glycoalkaloid level in potato chips to
which consumers are exposed. In the first stage, slice washing temperature (swt),
frying temperature (ftemp) and frying time (ft) were determined as factors that
could affect the glycoalkaloid level. Considering industrial applications, three dif-
ferent slice washing temperatures (25, 55 and 85 °C), frying temperatures (180, 185
and 190 °C) and frying times (165, 185 and 205 s) were evaluated for the study. The
L, orthogonal array of the Taguchi method, which has been successfully applied in
the analysis of multiple parameters, was used as the experimental design. Examining
the S/N (signal/noise) ratios, the optimum process parameters for minimum content
of a-solanine (As) were obtained as 25 °C swt, 190 °C ftemp and 165 s ft. The opti-
mum process parameters were determined for minimum content of a-chaconine (Ac)
as 55 °C swt, 190 °C ftemp and 165 s ft. In the analysis results, as swt decreased,
ftemp increased, and ft was shortened; the glycoalkaloid ratio in the chips decreased.
Analysis of variance results showed the most effective process parameter was the
frying time for a-solanine and a-chaconine with 68.2% and 76.5%, respectively.
Then comes ftemp with an effectiveness rate of 17.35% and 16.77%. In addition, the
regression model developed to estimate the output parameters (As and Ac) yielded
successful results with high determination coefficients (R?) of 90.6% and 92.5%.
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Introduction

Approximately 350 million tons of potatoes per year are produced in the world.
Potato is an important food source, a cheap energy source and a quality protein.
Therefore, potatoes and potato products are highly demanded worldwide (Babaza-
deh et al. 2016). Potato chips are an industrially produced snack product that is
highly consumed by many people worldwide. As a result of high consumption,
potato chips have become an everyday food in our lives.

However, a food safety concern has been associated with glycoalkaloids in raw
potato processing. The formation of toxic glycoalkaloids in potatoes occurs both
during farm operations and post-harvest processing (Irungu et al. 2022). Glycoalka-
loid levels in potatoes are affected by regional and geographical conditions and vary
genetically depending on the potato variety (Friedman 2006). Other factors include
growing conditions, storage, transportation, temperature, cutting, sprouting and phy-
topathogens (Friedman 2006; Nema et al. 2008).

Potato has a high concentration of glycoalkaloids in wounded areas, shoots and
the skin of tubers (Lachman et al. 2001). Potato contains several different toxic gly-
coalkaloids (Korpan et al. 2004). The most well-known of these are a-solanine and
a-chaconine. Solanine and chaconine are widely recognized as toxic steroidal glycoal-
kaloids derived from Solanum tuberosum L. (potato), and their effects are still subject of
scientific studies (Sawai et al. 2014). The side chain of a-chaconine is one glucose and
two rhamnoses, while the side chain of a-solanine is one glucose, one galactose and one
rhamnose sugar (Jiang et al. 2016). The ratio of a-chaconine to a-solanine ranges from
1:2 to 2:6. Since a-chaconine is more toxic than a-solanine, it is convenient to keep these
ratios as low as possible (Friedman and Levin 2009). Some researchers have reported
that a-solanine and a-chaconine represent total glycoalkaloids (TGA) since a-solanine
and a-chaconine comprise 95% of glycoalkaloids (Laus et al. 2017; Liu et al. 2020).

Glycoalkaloids are exceptionally high in potato peel. They appear simultaneously
with the greening of the potato peel. The TGA content of potatoes may fluctuate
depending on the potato variety or the rate of potato ripening. In some potato varieties,
the TGA content increases during storage. Sprouting potatoes also contain high con-
centrations of a-solanine and a-chaconine. TGA content decreases towards the center
of the tuber (Aziz et al. 2012). A normal potato tuber contains an average of 12-20 mg/
kg of glycoalkaloids, while a green tuber can contain an average of 250-280 mg/kg
of glycoalkaloids. Most commercial potato cultivars contain less than 12 mg/100 g of
solanine, which ranges from 2 to 13 mg/100 g (Omayio et al. 2016). Also, solanine lev-
els in potato above 14 mg/100 g exert a bitter taste (Milner et al. 2011).

The World Health Organization has set the upper limit of glycoalkaloids in potato
tubers at 20 mg/100 g. In animal studies, solanine is thought to be responsible for
food poisoning. In humans, a-solanine toxicity begins with gastrointestinal distur-
bances, vomiting, diarrhea and abdominal pain (Schrenk et al. 2020). Ahamad et al.
(2022) reported that glycoalkaloids cause intestinal discomfort, diarrhea, vomiting,
fever, neurological problems and acute toxicity even death in humans and animals.
In higher doses, it causes neurological disorders, low blood pressure, fever and rapid
or weak pulse (Langkilde et al. 2009). Some indications are that a-solanine and
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other glycoalkaloids in potatoes may accumulate in body tissues. In particular, it has
been found that glycoalkaloids bioaccumulate in the body during daily consumption
of foods containing glycoalkaloids, and studies have shown that glycoalkaloids can
remain in the body without being excreted even after 24 h from the time they enter
the body (Mensinga et al. 2004). Some researchers have applied a number of meth-
ods to reduce the glycoalkaloids values in eggplant (Nobuyuki et al. 2006; Wang
et al. 2017), potato (Bejarano et al. 2000; Romanucci et al. 2018) and tomato (Itkin
et al. 2011; Kazachkova et al. 2021).

The potato is peeled and then sliced at a certain thickness in the production of
potato chips. Washing pre-treatment at a certain temperature is applied to the potato
slices and after this process, the remaining water on the slices is removed with air.
Finally, the potato slices are subjected to frying at a specific temperature and time.
Considering these process steps, it has been reported that washing pretreatment
(Rytel et al. 2018) and frying temperature-duration parameters (Friedman and Dao
1992) are the most critical process parameters that will affect the quality character-
istics of potato slices. The present study aimed to determine the effect of these three
different process parameters on the glycoalkaloid (a-solanine, a-chaconine) levels
in potato chips. For this purpose, the widely used Taguchi method was used for the
optimization of multiple parameters. In addition to determining the optimum param-
eters, the most influential parameters for reducing the a-solanine and a-chaconine
content were investigated.

Material and Methods
Materials

Opal variety potatoes (Solanum tuberosum L.) with a size of 37-85 mm were used
in the production of chips, and these potatoes were provided by Derpat Seeds Indus-
try and Trade Inc (Hatay, Turkey). Opal potatoes are promoted for processing into
potato chips and for dehydration. Palm olein oil was used for frying the chips, and
the oil was obtained from Cargill Foods (Turkey).

Preparation of Potato Samples

Potatoes were first peeled with a peeling machine (Florigo, England) and subse-
quently sliced into 2.60-mm-thick slices on a slicing machine (Bigtem, Turkey).
Sliced potatoes were subjected to a washing process (Bigtem, Turkey) for 90 s at
three different temperatures (25 °C, 55 °C and 85 °C). After washing, the water on
the potato slices was dried, and the potatoes were then fried at three different tem-
peratures (180 °C, 185 °C and 190 °C) and three different durations (165 s, 190 s
and 205 s) using a frying system (Rosenqvists CF10, Sweden). Fresh oil was used
for each batch in the frying process. After frying, the cooled potato slices were filled
into polypropylene-based packages in a modified atmosphere (98% nitrogen +2%
oxygen gas) packaging device (Ishida Astro S 103 L, Japan).
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Nine different product (chips) groups were formed using the variables in the pro-
cess stage described above. The process parameters and their levels are shown in
Table 1. The samples were taken from each product group and analyzed for the con-
tent of a-solanine and a-chaconine.

Methods
Temperature Measurements

The washing water and frying oil temperature of potato slices were recorded with a
digital thermometer (Testo 110, Germany).

Slice Thickness Measurement

The slice thickness of potato slices was measured using a digital caliper (Mitutoyo
ABS ID-C547, Japan) according to the AOAC (2000) method.

Moisture Content Determination

The moisture content of fried potato slices (chips) was determined using the AOAC
(2000) method. The slices were kept in an oven at 105 °C (Binder ED 53, Germany)
until reaching constant weight, and the weights were measured.

Oil Content Determination

Oil content of fried potato slices (chips) was determined using a Soxhlet extraction
device (Behr Labor ES 2+ 2, Germany) according to AOAC (2000).

Solanine and Chaconine Analysis

A-solanine and a-chaconine were analyzed using a liquid chromatography/mass
spectrometry (LC-MS/MS) system (Agilent 6495, USA). The compounds were sep-
arated on an Agilent Hilic Plus RRHD column (100X 3.0 mm, particle size 1.8 um)
using a mixture of 0.1% formic acid in water and 2 mmol/L ammonium formate
(Solvent A) and acetonitrile (Solvent B). The following stepwise program was per-
formed: 0.5 min at 20% A and then increased from 0.5 to 6 min from 20 to 35%
A. The potatoes were held in this state for 4 min. Finally, A was reduced to 20% in

Table 1 Process parameters and

8 Parameters — (A) slice wash (B) frying tem-  (C) fry-
their levels o o . .
Levels | temperature (°C) perature (°C) ing time
(s)
25 180 165
55 185 185
85 190 205
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0.1 min and held in this state for 3 min for equilibrium. The flow rate was 0.4 ml/
min, and the injection volume was 2.0 pL. Mass spectrometry (MS) multiple reac-
tion monitoring (MRM) modes were used to measure a-solanine and a-chaconine.
MS parameters were gas flow rate 12 L/min, gas temperature 350 °C, capillary volt-
age 4 kV, MS1 heater temperature 100 °C and MS2 heater temperature 100 °C (Wan
et al. 2022).

Statistical Analysis

The data obtained from the experimental studies were analyzed to determine
the optimum slice washing temperature, frying temperature and frying time to
achieve the minimum a-solanine and a-chaconine values. The Taguchi method was
employed to determine these optimum process parameters (Minitab® 19.1). Tagu-
chi, a statistical method, is created against factors that cannot be controlled and
cause variability in experimental studies. Thanks to this method, trial-and-error
losses are minimized (Cibik and Duran 2023). The Taguchi method utilizes experi-
mental design theory, orthogonal (vertical) arrays and regression models to examine
many variables with a small number of experiments.

Experimental Design

The present study determined the process parameters to be studied utilizing the L,
standard orthogonal array of the Taguchi method (Table 2). With this experimental
design, the number of experiments required with different combinations to see the
effect of three variables on the results was reduced to 9 experiments (Alvarez and
Saldafia 2013). To reach the optimum process parameter, slice washing temperature
(A), frying temperature (B) and frying time (C) were taken as input parameters, and
a-solanine and a-chaconine contents were taken as output parameters. In addition,
the relationship between dependent variables and independent variables was defined
and modeled with S/N ratio analysis, analysis of variance (ANOVA) and regression

Table 2 Experimental design for

. " Experiment (A) slice washing (B) frying tem- (C) fry-
o-solanine and o-chaconine no temperature (°C) perature (°C) ing time
(s)

1 25 180 165

2 25 185 185

3 25 190 205

4 55 180 185

5 55 185 205

6 55 190 165

7 85 180 205

8 85 185 165

9 85 190 185
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analysis. The formula in Eq. 1 was used to calculate the S/N ratios, and the result
was based on the “the smallest the best” approach (Rubilar et al. 2012).

1 n
;1=S+N=—1010g<; E i=1y?) (1)
n  number of experiment repetitions

y; experiment data

Results

In the study, three technological repetitions were performed for o-solanine,
a-chaconine, moisture and oil analyses. Three samples were taken from each tech-
nological process and analyzed. The average of triplicate was taken for statistical
analyses, and the results are shown in Tables 3 and 4.

As seen in Table 3, the highest a-solanine value was 79.8 mg/kg, and the highest
a-chaconine value was 125.2 mg/kg. By applying the different process parameters,
these values reduced to 22.4 mg/kg for a-solanine and 25.5 mg/kg for a-chaconine.

Analysis of S/N Ratios

To analyze and interpret the values obtained in the study, a statistical calculation
known as the S/N ratio was used. In this method, S indicates the actual value given
by the system, and N indicates the factors affecting the experimental result. All val-
ues known as N are characterized as all variables that cause deviations from the
targeted result (Hu et al. 2005). The standard L, orthogonal table of S/N ratios and
S/N responses of a-solanine and a-chaconine output parameters is given in Table 3.

Table 3 Experimental results and S/N values of a-solanine and a-chaconine

Experiment  Content of a-solanine «-solanine S/N ratio Content of a-chaconine
no (mg/kg) a-chaconine (mg/kg)  S/N ratio
1 28.7 -29.15 46.6 —-33.36
2 39.8 -31.99 68.3 —36.69
3 41.8 -3242 71.4 -37.07
4 41.8 -3242 72.4 -37.19
5 55.1 —34.82 98.9 —39.90
6 224 -27.01 25.5 —28.13
7 79.8 —38.04 125.2 —41.95
8 25.7 —28.20 39.1 -31.84
9 35.7 —31.05 61.2 —35.73
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Table 4 Experimental results
and S/N values of moisture
and oil

Experi- Content of  Moisture S/N ratio Content  Oil S/N ratio
ment moisture of oil

no (%) (%)

1 1.28 -2.14 33.1 —30.40
2 1.22 -1.73 33.6 —-30.53
3 1.15 -121 34.0 —-30.63
4 1.25 -1.94 33.6 —-30.53
5 1.18 —1.44 33.9 —30.60
6 1.23 —-1.80 332 -30.42
7 1.20 -1.58 34.0 —-30.63
8 1.26 -2.01 335 —-30.50
9 1.19 -1.51 33.8 —30.58

Likewise, S/N responses for moisture and oil are given in Table 4. The values in
this tables with the highest S/N value are considered to determine the optimum slice
washing temperature, frying temperature and frying time parameters. Also, the level
values of the process parameters of slice washing temperature, frying temperature
and frying time are shown in the visual form in Figs. 1 and 2.

The S/N response table for a-solanine and a-chaconine is shown in Table 3.
Here, the highest S/N ratio for each process parameter indicates the optimum
level. Accordingly, the optimum process parameters for the lowest a-solanine were

S/N ratios for a-solanine content
3
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determined as 25 °C slice washing temperature, 190 °C frying temperature and
165 s frying time (A1B3C1). Since the A1B3Cl level and parameter were not given
in the study design, they were also studied, and the result was found to be 14.6 mg/
kg. For the lowest a-chaconine value, the optimum process parameters were meas-
ured as 55 °C slice washing temperature, 190 °C frying temperature and 165 s fry-
ing time (A2B3Cl1). According to the results in Fig. 1, a-solanine and a-chaconine
values decreased with increasing frying temperature. Additionally, it was observed
that decreasing the frying time caused a significant decrease in o-solanine and
a-chaconine values.

Analysis of Variance (ANOVA)

Analysis of variance was performed to determine the effect of process parameters
(slice washing temperature, frying temperature and frying time) on a-solanine,
a-chaconine, moisture and oil values. The results are given in Table 5. The P value
in the tables indicates the significance, and the F value indicates the effect level
(Ozbek et al. 2021).

According to the analysis of variance results, frying time had the highest effect on
a-solanine and a-chaconine values. Slice washing temperature had the lowest effect.
It is seen that frying time, the most effective parameter, had a high effective rate of
68.2% on the a-solanine content and 76.5% on the a-chaconine content.

Discussion
Evaluation of the Experiment Results

The results showing the effects of frying temperature and time on the a-solanine
and a-chaconine content in potato chips samples are shown in Fig. 3. Both figures
show that the a-solanine and a-chaconine content decreased with increasing tem-
perature and especially with decreasing frying time. The lowest glycoalkaloid level
was measured at 190 °C and 165 s frying time.

Table 5 shows that the slice washing temperature had the lowest effect on the
a-solanine and a-chaconine content. These effects were realized as 6.83% for
a-solanine and 3.71% for a-chaconine. These effects did not significantly increase or
decrease the glycoalkaloid levels, as shown in Fig. 1. The slice washing temperature
at which the a-solanine content decreased the most was 25 °C. The highest decrease
in a-chaconine content was observed at 55 °C slice washing temperature. Accord-
ing to the results of similar studies, it was reported that the washing process applied
to potato slices did not cause significant changes in the glycoalkaloids level (Peksa
et al. 2006). It was confirmed that the boiling process had a low effect on glycoal-
kaloid level. This effect was in the direction of decreasing the glycoalkaloids level
(Rytel et al. 2018).

Potato slices were subjected to frying after the slice-washing process. As seen in
Fig. 3, the highest glycoalkaloid values were found at 180 °C frying temperature,
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Fig.3 Effects of frying temperature and time on the content of a-solanine and a-chaconine

and this value decreased slightly when the temperature increased to 185 °C. The
frying temperature at 190 °C caused the highest decrease in the glycoalkaloid value.
The frying temperature was one of the process steps that affected the a-solanine
and a-chaconine values (Table 5). D’Amelia et al. (2022) made a comparison of the
glycoalkaloid value after some processes such as frying, baking, microwaving and
boiling and observed that only frying caused a decrease in the glycoalkaloid value.
Friedman (20006) stated that the temperature required to significantly reduce the gly-
coalkaloid value should be 170-180 °C. Tajner-Czopek et al. (2008) examined gly-
coalkaloids (a-solanine and a-chaconine) values in potato, peeled potato, washed
potato and finally fried potato in the potato chips production process. They reported
that frying caused a significant decrease in glycoalkaloid levels. Tajner-Czopek et al.
(2012) found a higher loss in the a-chaconine value compared to that of a-solanine
in the cooking process of potatoes. In the present study, it was seen that there was a
higher decrease in the a-chaconine value compared to that of a-solanine as a result
of the frying process (Table 3).

Frying time was the most effective factor in decreasing the o-solanine and
a-chaconine values (Table 5). Reducing the frying time caused a decrease in the
a-solanine and a-chaconine content. Rytel et al. (2018) reported that frying time
greatly reduced the glycoalkaloid values in the production process of fried and dried
potato products.

As a result of all the experiments, it was found that the optimum process values
to reach the minimum content of a-solanine were 25 °C slice washing temperature,
190 °C frying temperature and 165 s frying time. To obtain the minimum content
of a-chaconine, the optimum process values were 55 °C slice washing temperature,
190 °C frying temperature and 165 s frying time (Table 6). According to the results
of the analysis in the study, it was understood that the frying temperature (Friedman
and Dao 1992; Rytel et al. 2005; Peksa et al. 2006; Tajner-Czopek et al. 2008) and
especially frying time (Rytel et al. 2018) applied to potatoes caused a significant
decrease in the content of glycoalkaloids.

Although there was no significant change in the moisture value of the chips as the
slice washing temperature decreased, the amount of oil decreased. It is seen that as
the frying temperature increases, the moisture values of the chips decrease, and the
amount of oil increases. In addition, it is observed that increasing the frying time
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Table 6 S/N response table output parameters

Level (A) slice wash tempera- (B) frying tempera- (C) frying time (s)
ture (°C) ture (°C)
a-solanine 1 -31.19 —-33.21 —28.12
2 —31.42 -31.67 -31.82
3 —32.43 —30.16 -35.10
Delta 1.24 3.05 6.98
«-chaconine 1 —-35.71 —37.50 -31.11
2 —35.08 -36.15 —36.54
3 —36.51 —33.65 —39.64
Delta 1.43 3.86 8.53
Moisture 1 —1.695 —1.889 —1.983
2 —1.725 —1.724 —-1.725
3 —1.701 —1.508 —1412
Delta 0.03 0.38 0.57
Oil 1 —30.52 —30.52 —30.44
2 —30.52 —30.54 -30.54
3 —-30.57 —30.54 —30.62
Delta 0.05 0.03 0.18

causes the moisture value to decrease and the oil amount of the chips to increase
(Fig. 2). As seen in Figs. 1 and 2, increasing the frying temperature causes the mois-
ture and glycoalkaloid levels in the chips to decrease (Rytel et al. 2018). As can be
seen in the same tables, shortening the frying time causes both the amount of oil
retained by the chips and the glycoalkaloid level to decrease.

According to the results of variance analysis, frying temperature and frying time
had a significant effect on the moisture value of the chips. A significant effect of
frying time was observed on the fat content of the chips. However, it appears that
frying time has a high impact on both quality parameters (Table 5). When the pro-
duction was carried out according to the optimum process values determined, the oil
content in potato chips was 33.0-34.0%, and the moisture value was 1.14-1.28%.
It has been observed that these oil and moisture values are in the appropriate range
according to the local potato chip standard (TS 3628/T1 2017).

Regression Analysis

Regression analysis was performed to mathematically express the relationship
between the inputs of the study, washing temperature, frying temperature and time,
and the outputs of the study, a-solanine and a-chaconine.

Regression analysis is a statistical calculation method used to predict the rela-
tionship between dependent variables and independent variables. The R* value in
this method is an important indicator of the estimation performance in the relation-
ship between the variables. An R? value between 0 and 100% (or 1) and close to
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100% (or 1) indicates that the relationship between the dependent (x-solanine and
a-chaconine content) and independent (washing temperature, frying temperature
and time) variables is strongly compatible (Sun et al. 2022). Equation 2 shows the
regression equations for a-solanine content, and Eq. 3 shows the regression equa-
tions for a-chaconine content based on experimental data.

As<rlil—gg> = 125+ 0.1717swt(°C) — 1.680ftemp(°C) + 1.151f1(s) )

Ac(f—f) = 195 + 0.218swt(°C) — 2.870ftemp(°C) + 2.072ft(s) 3)

As (mg/kg) a-solanine value

Ac (mg/kg) a-chaconine value

swt (°C) slice washing temperature
ftemp (°C) frying temperature

ft (s) frying duration

According to the linear regression equation formed with the data of our study,
the R? value for a-solanine was 90.6% and for a-chaconine 92.5%. As a result, esti-
mation equations with a very high coefficient of determination (R?) produce val-
ues close to the actual values and support the accuracy of the interpretations made
on the results. Figure 4 demonstrates the true value of glycoalkaloids (a-solanine
and a-chaconine) and the corresponding predicted amount of that, represented by
ANOVA. As it is depicted that the points are close to the line Y=X, the amounts of
R-squared and R-adjusted are close to unity, which is another proof on the integrity
of the model (Ghasemian et al. 2014).

—— Regression
—— %l

Actual (a-solanine)
Actual (a-chaconine)

- 5,66378
RSq 92.4% o RSq 97.0%
R-Sq(adj)  91,4% -7 R-Sq(ad)  96,5%

lo 20 30 40 50 60 70 80 20 40 60 80 100 120

Predicted (a-solanine) Predicted (a-chaconine)

Fig.4 Comparison of predicted and actual levels of a-solanine and a-chaconine in produced potato chips
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Validation Tests

In the last stage of the study, validation experiments were carried out with optimum
and random levels to check the accuracy of the optimization. To determine the suc-
cess of the optimization, the confidence interval (CI) for the output parameters (As,
Ac) was calculated using Eqgs. 4 and 5.

- N
T 1+ T,y @
1 1
CIA = Fa,ljeve n_ + E )
eff

N in Eq. 4 represents the total number of experiments, and 7', represents the
total degrees of freedom. F, , z, in Eq. 5 represents the 95% confidence level, the
a significance level and the error degree of freedom, respectively. V, represents
error variance, Rosr the effective iteration count and R the number of repetitions for
validation experiments. The values of these parameters for confidence interval cal-
culations are given in Table 7. As a result, it was calculated as CI 4, = 43.815 and
Cl,, = 48.068 for the a-solanine and a-chaconine content obtained experimentally.

On the other hand, as seen in Table 6, the ideal parameter group for the lowest
As is the A1B3Cl1 level and for Ac is A2B3Cl1 level. Equations 6 and 7 were used
to calculate the estimated optimum As and Ac values. The T4, value (41.2 mg/kg)
and T, value (67.6 mg/kg) are the mean of the sum of the glycoalkaloid contents
obtained for each parameter combination. As a result, the As,, and Ac,, values
were calculated as 13.27 A by replacing the relevant data in Egs. 6 and 7.

Aspp = (swi = Ty,) + (ftemp — Ty) + (ft = Ty,) + Ty, 6)

ACOP, = (swt - TAC) + (ftemp - TAC) + (ft - TAC) + 7, @)
when the values were applied

Sy = (36.77 — 41.20) + (33.30 — 41.20) + (25,60 — 41.20) +41.20 = 13.27

Ac,, = (65.60 — 67.60) + (52.70 — 67.60) + (37.07 — 67.60) + 67.60 = 20.17

when the values were applied

Table 7 Values used in v, Foip B Fe N R T,

confidence interval calculations M
As 93.31 1851 005 2 9 3 6 1.285
Ac 112.30  18.51 005 2 9 3 6 1.285
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[As,, — CL,| < As,,, < [As,, + ClL,] = [13.27 — 43.815] < 14.6 ®

< [13.27 +43.815] = —30.545 < 14.6 < 57.085

exp

[Ac,,, — Cl,.| < Ac,,, < [Ac,, + Cl,.] = [20.17 — 48.068] < 25.5 ©

< [20.17 + 48.068] = —27.898 < 25.5 < 68.238

According to Egs. (8) and (9), it was shown that outputs (a-solanine and
a-chaconine amounts) are within the confidence interval limit, respectively. Con-
sequently, the optimization process is successfully performed with the Taguchi
method at 95% significance level. The validation results for outputs are given in
Table 8. The random combination of process parameters for outputs has been chosen
to be: A2B3C2. This means, slice washing temperature is 55 °C, frying temperature
is 190 °C and frying time is 185 s. According to Table 8, the results produced by the
mathematical equations developed to estimate the outputs are within the error limits
compared with the actual results. Moreover, Akgiin (2023) reported that error val-
ues should be less than 20% for reliable statistical analysis. As a result, it is notice-
able that the estimation equations give successful results with the high coefficients
of determination (R?) values and within the confidence interval in the confirmation
test results.

Conclusion

The glycoalkaloid contents found in raw and processed potato products are vital due
to their adverse effects on human health. The formation of these glycoalkaloids in
potatoes and their presence in potato products are unwanted. In the study, it was
ensured that the glycoalkaloids level was reduced by process interventions. The gly-
coalkaloid contents in the fried potato slices taken as samples were found below
the recommended limits in all results. For the minimum o-solanine and a-chaconine
values, different process parameters were statistically analyzed by applying the
Taguchi, ANOVA and regression methods. As a result of the analysis, optimum pro-
cess parameters were obtained for the minimum content of glycoalkaloids. Accord-
ing to the S/N ratios results, 25 °C slice washing temperature, 190 °C frying temper-
ature and 165 s frying time (A1B3C1) were optimal combinations for a-solanine. In
the a-solanine analysis performed on these parameters, the As value was measured

Table 8 Validation test results

Experimental Predicted Error (%)
As (mg/kg) Optimum A1B3C1 14.60 13.27 9.10
As (mg/kg) Random A2B3C2 31.40 28.17 10.28
Ac (mg/kg) Optimum A2B3C1 25.50 28.43 11.49
Ac (mg/kg) Random A2B3C2 46.20 50.71 9.76
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as 14.6 mg/kg. In a similar vein, 55 °C slice washing temperature, 190 °C frying
temperature and 165 s frying time (A2B3C1) were determined as the optimum pro-
cess parameters for a-chaconine. The Ac value is measured as 25.5 mg/kg in the
a-chaconine analysis performed in these parameters. According to the analysis of
variance, frying time was found to be the most effective process parameter on the
a-solanine and a-chaconine content. It was seen that the regression equation devel-
oped to predict the amounts of a-solanine (As) and a-chaconine (Ac) in the product
gave results very close to the experimentally obtained values. Mathematical mod-
els gave reliable results with coefficients of determination (R*) of 90.6% and 92.5%,
respectively. The high reliability (R?) of the study demonstrated that the Taguchi
method can be successfully applied in optimizing multiple parameters in the food
industry, as seen in the production of potato chips. In the study, it was observed that
the amount of glycoalkaloids decreased as the slice washing temperature was low-
ered, the frying temperature was increased and the frying time was reduced. Accord-
ing to the statistical analysis results of the study, short-term frying at high tempera-
tures is recommended to reduce the amount of glycoalkaloid in chips production
technology.
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