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Abstract 

 

Potato variety Primavera has a large amount of antioxidant compounds thus is 

proposed as a snack with functional properties. The aim of this research was to 

determine the degradation kinetics of the quality attributes of the vacuum fried 

potatoes variety Primavera, during storage. Vacuum frying of potato variety 

Primavera was performed under the following conditions: Toil = 136 °C, vacuum 

pressure = 59.4 kPa and time = 420 s. Quality attributes were approached by 

antioxidant capacity (DPPH ABTS), phenolic compounds, peroxide value, and free 

fatty acids. Samples were stored in climatic chambers at a relative humidity of 65%, 

at three temperatures (15, 25 and 35 °C), two packaging atmospheres (N2 and air), 

and were evaluated during the days 0, 30, 60, 90,120 and150. The order of reaction 

and the reaction constants for each attribute were determined. There was a decrease  
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in the phenolic compounds and antioxidants in the fried diploid potatoes during the 

storage period. In all treatments, an increase of peroxides and free fatty acids were 

evident. The reaction orders were ABTS: 1.24, DPPH: 1.21, total phenols: 1.87, 

free fatty acids: 2.36, peroxides: 2.50. The temperature and packing atmosphere 

significantly affected the quality attributes of the potato chips during storage. At 

temperatures of 15 ° C and packing in an atmosphere of Nitrogen, most of the 

properties and up to 50% of the antioxidant compounds were conserved, allowing 

to obtain a product with the desired characteristics and functional properties, until 

the 150 days of storage. 
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1 Introduction 
 

Potato is one of the most consumed crops worldwide, so it is one of the most 

important sources of carbohydrates and some other nutrients as antioxidants [35]. 

New varieties of potatoes found in the Andean zone, with red and purple flesh has 

a higher amount of anthocyanins and phenolic compounds than yellow or white 

potatoes [19], these compounds are responsible for the scavenging of free radicals 

and have anti-mutagenic, anti-carcinogenic and anti-hypertensive activity, and give 

potatoes pigments, which are attractive to consumers [2]. 

 

One of the most consumed forms of potato today is potato chips, which are thin 

slices of potatoes between 1 to 3 mm thick, and processed by deep-frying obtaining 

a dry, stable and crispness product [33]. In order to reduce the oil uptake, keep 

bioactive compounds and have a product with better organoleptic attributes, the 

vacuum frying process has been used recently [10], this process is carried out under 

pressures well below atmospheric levels, so the frying temperature is lower [20]. 

However, frying process presents some disadvantages, the oil in the product can be 

oxidized due to the reaction with environmental oxygen, and also hydrolyzed and 

polymerized, giving rise to several volatile and nonvolatile compounds which affect 

the quality of the product [27], these reaction also occurs during storage due to 

oxygen and water vapor present in the package atmosphere [22], temperature and 

light [5]. Antioxidants have been shown to have an effect by retarding the lipid 

oxidation [13], these compounds could prevent lipid autoxidation by donating a 

proton to the free radicals formed during the early oxidation stages [34]. 

 

Kinetic studies allow the determination of degradation reactions and formation of 

compounds and have been used in studies of lipid oxidation reactions and loss of 

antioxidants in food during storage in order to determine the shelf life of the 

products [32]. This research was carried out determine the degradation kinetics of 

the quality attributes of the vacuum fried potatoes variety Primavera, during storage 

at different temperatures and packaging atmospheres. 
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2 Materials and methods 
 

2.1 Materials 

Potato (S. phureja cv Primavera) which is a diploid potato was used, from field crop 

of Santa Elena, Antioquia, at an altitude of 2300 meters above sea level, 14.5 °C 

temperature average and a relative moisture average of 89%, during may-august 

2016. For the VF process, the potatoes were cut into sheets of 2 mm thickness. The 

oil used was palm oil, high oleic (Palmali). The conditions for vacuum frying were 

stablished in previous studies: T oil=136 °C, Pressure=59.4 kPa and time=420 s. 

 

2.2 Quality analysis of products 

Antioxidant capacity. Extraction of the antioxidant compounds was done by mixing 

3.5mL of reagent grade methanol with 3g of previously macerated potato chips; the 

sample was sonicated for 20min and centrifuged for 30 min at 9000 rpm. 

Measurement of AC was done by indirect methods: DPPH (2,2-diphenyl-1-picryl 

hydrazyl), as reported by [7] and ABTS (2,2'-Azinobis ethylbenothiazole-6-

sulfonic acid), as reported by [30]. Results were expressed in mg Trolox/ g dry 

weight. 

Total Phenolic compounds. The extraction was carried out following the 

methodology reported by [37]. Mixing 1 g of potato chips previously macerated 

with 30 mL 80% acetone using a homogenizer, then samples were filtered through 

No. 2 Whatman paper. The extracted was evaporated at 45 °C, 100 rpm under 

vacuum until 90% of the extracted had been evaporated. 10 mL of hexane and 5 

mL of methanol was added to the extracted in order to remove oil phase, an 

evaporation process was done again at the same conditions. The extracted was 

added with water to a final volume of 10 mL. The quantification of total phenolic 

compounds was performed according to the Folin-Ciocalteu method. Results were 

expressed in mg gallic acid equivalents/g dry weight (mg GAE/g) 

Peroxide value. The procedure was adapted according to the methodology reported 

by [17]. There was an oil extraction of 1g of Fried Potatoes with 10 mL of a mixture 

of Hexane: Isopropanol 3: 1), this was taken to evaporation in a convective stove at 

70 °C for 150 min; between 20-30 mg of the extracted oil were taken and mixed 

with 10mL of a Chloroform: Methanol (7: 3) mixture, to which 20 μL of thiocyanate 

solution and 20 μL of ferrous chloride were added. After 5 minutes in the dark, the 

absorbance lecture of 500 nm was read; the result was expressed in meq H2O2/ kg 

dry basis.  

Free fatty acids. 10 g of oil extracted from the potato chips were used and mixed 

with 1 ml of ethanol and 1 ml of diethyl ether previously neutralized with 0.1 N 

KOH; 3 drops of phenolphthalein was added to the solution and then this was 

titrated with 0.1 N KOH. Results were expressed as the free oleic acid percentage. 

 

2.3 Storage 

The stability of vacuum fried potatoes was carried out by real-time storage study, 

considering a split plot experiment under a completely random design. Climate 

chambers were considered as the whole plot, at the specific temperatures (15, 25,  
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and 35 °C) and relative humidity of 65%. Bags of laminated PET film, aluminum 

foil (ALICO®, Colombia), with permeability to O2 <1 cc/(m2 * 24h * atm), and 

water vapor permeability <1 g/(m2 * 24h * atm), were used as packaging material, 

in two packing atmospheres (N2 and air). Samples were analyzed at the following 

times: 0, 30, 60, 90,120 and180 days. 

 

2.4 Determination of kinetic parameters 

To determine the reaction order the general kinetic equation was integrated for 

different value of n, obtaining the equations 1 and 2 [29]: 

 

[𝜑]1−𝑛 = −(1 − 𝑛)𝑘𝑡 + 𝐶0          𝑓𝑜𝑟 𝑛 ≠ 1                                                               (1) 
 

ln(𝜑) = −𝑘𝑡 +  𝐶0                         𝑓𝑜𝑟 𝑛 = 1                                                         (2) 

Where n is the reaction order, φ is the concentration of an specify compound, k is 

the rate constant (days-1), C0 is the quality parameter at time 0, and t is time (days). 

The data for the different dependent variables were adjusted in regressions of a 

different order of which the correlation coefficient (r) was obtained. Each r was 

processed in a regression as a function of n truncated in the third term as equation 

3 shows: 

 

𝑟 = 𝛽1 + 𝛽2𝑛 + 𝛽3𝑛2                                                                                            (3) 

 

A second-order polynomial was obtained which is derived in order to calculate the 

maximum value of r representing the reaction order (n) of the kinetics. 

In the case of peroxide value (PV) and free fatty acids (FFA), the chemical reaction 

was given for the formation of these compounds and not by the degradation, so the 

inverses of the values were taken in order to determine the reaction order. 

Once the order of reaction is calculated, the kinetic parameters k and C0 were 

calculated for each variable according to the eq 1. 

The temperature dependence of ABTS, DPPH, and Phenolic Compounds (PC) 

degradation and PV, and FFA formation was determined using the Arrhenius 

equation, and the activation energy (Ea) was calculated for each treatment: 

 

𝑘 = 𝐴𝑒𝑥𝑝
−𝐸𝑎

𝑅𝑇⁄                                                                                                                  (4) 
 

Where A is the frequency factor of the Arrhenius equation (days-1), Ea is the 

activation energy (J/mol), R is the universal gas constant (8.314 J/mol K), and T is 

the absolute temperature (K). 

 

2.5 Statistical analysis 

Three experimental plots were used for each treatment. Raw data were used to 

determine kinetic parameters and the Arrhenius equation. Linear regressions 

considering lack of fit and pure error [36] were estimated by the MCMCglmm [15] 

and coda [26] packages in R environment [28]. The fit to the models was 

determined based on the coefficient of determination (R2).  
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3 Results and discussion 
 

The real reaction orders for each quality attribute were determined by a regression, 

in which the coefficients of the second-order polynomial (Table 1) were obtained 

with a good adjustment coefficient, close to 0.99 in each attribute. The reaction 

orders for the attributes of antioxidant capacity are close to a kinetics of order 1, 

while for the other attributes a kinetics of order two can be approached. 

 
Table 1. Coefficients for the r polynomial as a function of n, and reaction order 

for each quality attribute of vacuum fried potato chips 

 

Polynomial 

coefficients 
ABTS DPPH PC FFA PV 

β1 0.886 0.945 0.866 0.776 0.836 

β2 0.013 0.015 0.038 0.176 0.030 

β3 -0.005 -0.006 -0.010 -0.072 -0.006 

R2 0.998 0.999 0.991 0.995 1.000 

Reaction 

Order 
1.240 1.209 1.874 2.367 2.505 

 

The mean initial values for ABTS, DPPH, PC, PV, FFA, were 0.58 ± 0.01 mg 

Trolox/g, 0.51 ± 0.03 mg Trolox/g, 10.90 ± 1.35 mg GAE/g, 4.21 ± 0.53 meq H2O2 

/kg, 0.1 ± 0.01 % oleic acid, respectively. In the case of antioxidant capacity and 

total phenols, a decrease (Figure 1) occurred in these compounds during storage 

time, while for PV, FFA an increase was shown indicating the formation of 

compound Hydroperoxides, free fatty acids and increased browning of the product. 

It can be observed that for all treatments, a number of phenolic compounds and 

antioxidants in the vacuum fried diploid potatoes tended to decrease during the 

overall period of storage, the same behavior was reported by [1] for freeze-dried 

potato peels. Antioxidants are compounds that could be easily oxidizable in the 

presence of O2 and they are sensitive to the effect of temperature [23]. These 

compounds act by donating protons and/or electrons to the radicals [3], thus 

stopping the oxidation process. A decrease in the content of these compounds could 

be due to thermal degradation or an inhibition of oil oxidation in the potato variety 

Primavera.  

 

In all treatments, an increase and subsequent reduction of peroxides were evidenced 

after 60 days (data no show) this behavior is typical of these compounds when more 

advanced stages of oxidation are presented in the food [18], however, for kinetic 

purposes only hydroperoxide formation data were taken, and not degradation data 

of these compounds. The formation of these compounds was given until days 60-

90, therefore kinetics were only determined during this time (Table 2). 
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Figure 1. Experimental data and model predicted values of quality attributes during 

storage period for different treatments. A: ABTS (2,2'-Azinobis ethylbenothiazole-

6-sulfonic acid), B: DPPH (2,2-diphenyl-1-picryl hydrazyl), C: total phenolic 

compounds, D: peroxide value, E: free fatty acids. 

 

 

There was a general tendency to increase the reaction rate constants with 

temperature and these were in turn higher for the samples packed in air, indicating 

higher reaction rates at higher temperature and air atmosphere, as it was reported 

by [25] for potatoes stored at different temperatures, and by [4] for dried sweet 

potato chips. This result was shown by [12], where an increase in oxidative 

rancidity for potato chips is observed, as oxygen levels increase in the headspace of 

the package. 

 

 

 

                     A                                                                B                                                             C 

           D                                                                       E 
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Table 2. Kinetic parameter of compounds degradation and formation for each 

treatment and their coefficient of determination of model fits (R2). 

 

 

 

 

 

 

 

 

 

The heterogeneity in the behavior of potato properties, identified with kinetic 

modeling, could be attributed to the fact that as the amount of water in the product 

is increased. It is passed to a non-thermomechanical metastable rubbery state, which 

does not present good fits to the kinetics [14], besides the reactions in food involve 

a large amount of additional compounds that are reacting at the same time, 

consequently the reaction kinetics may not be modeling the exact phenomenon [6]. 

For most of the attributes good fitted were made to the Arrhenius equation (Table 

3), and the activation energies were generally greater for samples packaged in 

Nitrogen atmospheres, indicating a lower reaction rate. The great difference 

between the activation energy for the air and N2   atmospheres for PV is shown, a 

value 7 times higher in the Ea of N2. This indicates that it is a product sensitive to 

the presence of oxygen in its packaging, increasing oxidation levels. 

 

The Ea was higher for N2 atmosphere packing for most attributes, this may be due 

to the molecules can only complete the reaction once they have reached the top of 

the energy barrier of activation. The higher the barrier, the fewer molecules will 

have enough energy to overcome it at any given time [21]. 

 

 

Attribute Treatment 
Kinetic degradation parameters 

K (days-1) 𝐶0
(1−𝑛)

 R2 

ABTS 

15-N2 0.0004 

1.15 

0.80 

15-A 0.0006 0.78 

25-N2 0.0011 0.72 

25-A 0.0012 0.68 

35-N2 0.0015 0.84 

35-A 0.0017 0.73 

DPPH 

15-N2 0.0005 

1.16 

0.87 

15-A 0.0006 0.77 

25-N2 0.0008 0.89 

25-A 0.0011 0.88 

35-N2 0.0010 0.80 

35-A 0.0015 0.97 

PC 

15-N2 0.0005 

0.12 

0.74 

15-A 0.0007 0.68 

25-N2 0.0006 0.77 

25-A 0.0007 0.81 

35-N2 0.0009 0.67 

35-A 0.0019 0.79 

Attribute Treatment 
Kinetic formation parameters 

K (days-1) 𝐶0
−(1−𝑛)

 R2 

PV 

15-N2 0.028 

8.80 

0.12 

15-A 0.146 0.80 

25-N2 0.071 0.53 

25-A 0.171 0.55 

35-N2 0.151 0.92 

35-A 0.192 0.85 

FFA 

15-N2 0.002 

0.04 

0.87 

15-A 0.003 0.96 

25-N2 0.007 0.99 

25-A 0.009 0.99 

35-N2 0.013 0.93 

35-A 0.016 0.94 
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Table 3. Activation energy and the coefficient of determination of model fit, for 

each attribute in different packaging atmospheres 

 

 

 

 

 

 

 

 

 

 

 

 

When comparing the data for phenolic compounds at day zero of the storage of 

fried potato with respect to another products considered high in antioxidants 

(Blackberry : 226 mg GAE/ 100 g, Acaí: 454 mg GAE/100 g, Acerola: 1063 mg 

GAE/ 100 g ) [16] it can be observed that the potato variety Primavera has similar 

values in concentration of phenols (10.9 mg GAE/g). Taking into account that 

potatoes are a high-consumption product in the world, and that consumers are 

increasingly buying products with an additional health benefit [11], it is important 

to recognize the market potential and industrialization that a potato variety 

Primavera snack could have in terms of the improvement of consumption of 

bioactive compounds by the consumer. 

 

4 Conclusions 
 

The stability study of vacuum fried diploid potato allowed knowing the constants 

of the kinetic models of degradation of quality attributes. It was evidenced that the 

temperature and the packing atmosphere significantly affect the attributes of 

quality, at higher temperatures and air atmosphere, higher losses of bioactive 

compounds were presented. At temperatures of 15 °C and packing in an atmosphere 

of N2, most of the properties and up to 50% of the antioxidant compounds were 

conserved, allowing to obtain a product with the desired characteristics and 

functional properties, until the 150 days of storage. 
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