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Abstract 

The increasing consumption worldwide of tortilla chips make relevant to design and optimize 

their industrial quality analysis. Surface, structural and total oil content during frying of tortilla 

chips fried at 160, 175, 190ºC for different times were analyzed. The aim was to obtain a 
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relationship between oil content and features from their digital images. The results showed a 

high linear correlation (R>0.90) between oil content with image features at each frying 

temperature, indicating that trustable models can be developed, allowing the prediction of oil 

content of tortilla chips by using selected features extracted from their digital images, without the 

necessity of measuring them. Cross-validation technique demonstrated the repeatability of each 

model and their good performance (>90%). 

Keywords: Oil content; tortilla chips; computer vision; image features; oil fraction 

INTRODUCTION 

A nixtamalized soft moist dough called ‘masa’ is the raw material used to make the most popular 

masa-based-snack products (corn and tortilla chips) (1), which are highly consumed in several 

Latin-American countries. The increasing consumption worldwide of tortillas make relevant to 

design and optimize their industrial quality analysis. Tortilla chips are baked and then fried, 

making them absorb less oil, firmer texture and a stronger alkaline flavor than corn chips (fried 

without pre-treatment of baking) (2-4). 

Deep-fat frying is one of the oldest processes of food preparation and consists basically in the 

immersion of food pieces in hot oil. The high oil temperature causes evaporation of the water 

while oil is absorbed by the food piece, replacing some of the lost water (5). Bouchon, Aguilera 

and Pile (6) defined three different oil fractions, which can be identified as a consequence of the 
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different absorption mechanisms in fried potato microstructure, such as (i) Structural oil (STO) 

which represents the oil absorbed during frying, (ii) Penetrated surface oil (PSO) which 

represents the oil suctioned into the food during cooling after removal from the fryer, and (iii) 

Surface oil (SUO) which is the oil that remains on the surface and does not penetrate into 

microstructure, remaining on the potato slice surface. On the other hand, Moreira et al (3) 

defined the core oil as the oil which penetrates the chip microstructure either during frying and 

cooling for tortilla chips. This oil fraction was called structural oil (SO) by Durán et al (7) for 

potato slices during frying experiments. A wide spectrum of factors has been reported to affect 

oil absorption in fried foods, such as oil quality and composition, temperature and time of frying, 

initial moisture content of sample, shape and pre-frying treatment (3, 5, 7). 

Computer vision system (CV) is a non-destructive technology for acquiring and analyzing an 

image to obtain information of the product, to control industrial processes and to improve the 

automatic evaluation of food quality (8, 9, 10). A basic CV consists of a digital camera 

connected to a computer for image acquisition, a standard setting illuminants (usually a light 

box) and a computer software for image processing and analysis (8, 10). CV has been used in the 

food industry for quality and color evaluation, detection of defects, grading and sorting of fruits 

and vegetables, meat and fish, bakery products and potato chips, and to determine other physical 

features such as textural and geometrical among others (10-15). However, the determination of 

oil content in food products using computer vision was previously described in few articles. For 

example, (i) optimal harvest time of olives was obtained based on quality features derived from 

known image processing algorithms (16), (ii) the inspection and quality grade of oil palm from 
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fresh oil bunches was obtained using an automatic production system (17) (iii) to monitoring and 

quantifying of oil migration in cocoa butter (18) and chocolate coated products (19). Also, free 

and bound non-polar lipids of six Polish winter wheat varieties were analyzed and correlated 

with kernels surface and cross-sections color measured by digital image analysis (20). However, 

it was not studied in fried products as in this study.  Therefore, using CV capabilities, it is 

possible to extract and process a lot of image features with the goal of finding which of them are 

relevant for accomplishing the classification task (11, 21) or for predicting physical properties 

such as texture parameters from foods (22). The texture of an image (IT) is characterized by the 

spatial distribution of gray levels in a neighborhood, that is, the local variation of brightness form 

1 pixel to the next (or within a small region) (11, 23). Other food visual properties can be 

obtained by extracting geometrical and intensity features from the digital color image (11, 21, 

24). 

The objective of this research was to characterize oil content fractions in tortilla chips during 

frying under different conditions (time and frying temperature) and obtain good correlations 

between the oil content in tortillas chips and digital features obtained from their corresponding 

digital images, in order to build trustable models which allow predicting oil content of the tortilla 

chips by using the image features extracted from their digital images (without the necessity of 

experimental measuring them in a Soxhlet analyzer). 
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All experimental work was accomplished in the Laboratories of Physical Properties and 

Computer Vision located in Universidad de Santiago de Chile. 

Tortilla chip preparation 

Tortilla chips were self-made prepared from masa of maize (F.H.M. Alimentos Ltd., Santiago, 

Chile). The thickness of chips was adjusted in 2.0 r 0.2 mm using a Tortilla Machine (González, 

S.A., Guadalupe, México). A circular cutting mold was used to provide tortilla chips with a 

diameter of 3.7 r 0.2 cm. The tortillas chips were cooked on an electric iron skillet (Black and 

Decker) heated at 215°C for 30 s, flipped, cooked for 30 s, flipped again and cooked for 30 s.  In 

preliminary frying experiments, the corresponding maxima frying times and the time intervals 

for each frying temperature were determined until a final moisture content of about 1.8% (dry 

basis) was reached in the tortillas. Ten (10) chips were fried at different time intervals at frying 

temperatures of 160°C (0, 36, 72, 108, 144, 180 and 220 s), 175°C (0, 10, 20, 50, 80, 110 and 

140 s) and 190°C (0, 5, 15, 30, 45, 60 and 80 s). Frying temperature was kept constant (±1 °C) 

by using a thermocouple (mod. GG-30-KK, Tersid, Milano, Italy) inserted in the oil bath, which 

was connected to a digital data logger (Model 2700, Keithley, Cleveland, USA). Oil was pre-

heated for 1 h prior to frying, and discarded after 6 h of use (25). Finally, the fried chips were 

cooled down to room temperature in desiccators during 2 min and analyzed. A previous study 
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done for batches of ten (10) chips, which were first characterized by digital imaging and then 

surface oil content was measured, showed that their oil content fractions did not differ 

significantly (data not shown). Experiments were run in triplicate (total n= 30). Moisture content 

(mc) of tortillas chips was determined by moisture analyzer oven drying (MS-70, A&D 

Company Ltd.). Duplicates of weighed samples (about 5 g) were dried at 160°C until constant 

weight, and the average results were reported in % dry basis (%db). The initial moisture content 

was 54 ± 2%db. 

Computer vision system 

Computer vision system (CV) consist of a black box with four natural daylight tubes of 18W 

(Phillips) and a Canon Powershot G3 camera of 4 Megapixels placed in vertical position at 22.5 

cm of samples, the angle of camera lens and light was 45°, according to Pedreschi et al. (10). The 

white balance of the camera was set using a standardized gray color chart from Kodak (Boston, 

MA). In order to calibrate the digital color system, the color values (L*a*b* scale) of 35 color 

charts were measured using a colorimeter and CV using Balu Toolbox, which was calibrated to 

obtain the same L*a*b* color values, according to León et al (26) and Mery et al. (24). Color 

charts were photographed an analyzed periodically to ensure that the lighting system and the 

color digital camera were working properly. 

Each sample at each frying time was placed in front of the camera and two images (front and 

back) from each sample were obtained (total n=60). All images (maximum resolution, 
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2272x1704pixels) were acquired at the same conditions using remote control of ZoomBrowser 

program v6.0 (Canon, Intel, Santa Clara, CA). The acquired images were saved as TIFF-24bit 

files and retrieved later for subsequent analysis. Analysis images were performed using software 

Matlab, Balu Toolbox1 (11). 

Feature extraction using image analysis 

The Balu Toolbox1 (11) is a software into Matlab software (27) for image analysis and pattern 

recognition, which extracts a very large number digital chromatic and geometric features from 

digital images (previously segmented to separate it from background), and then permit to 

correlate the best feature of the total features analyzed (672 features) with an oil content 

experimental parameter.  Table 1 (adapted from Mery et al., 24) shows the principal geometric 

features that provide information on the size and shape of a segmented region, following three 

groups of features (totally, 54 geometrical features) and the intensity features that provide 

information about the color intensity of a chip region extracted for each color channel, following 

four groups of features (618 intensity features in total). 

Oil content measurements 

The surface oil content (SUOC) is defined as the oil fraction which does not penetrate the chip 

microstructure neither during frying nor during cooling, remaining in the slice surface. For each 

selected sample frying time, the fried chips were cooled down to room temperature in desiccators 
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during 2 min and then SUOC was measured using petroleum ether extraction by dipping each 10 

chips for 10 s in a beaker according to Duran et al. (7), and the oil dropped in the beaker was 

collected by evaporating the petroleum ether. The structural oil content (SOC) is defined as the 

oil which penetrates the chip microstructure (either during frying (STO) or cooling (PSO), 

according to oil fractions definition by Duran et al (7) and it was quantified according to Soxhlet 

extraction with petroleum ether (28). Samples used for this analysis were previously surface oil 

removed. The total oil content (TOC) was calculated as the sum of SUOC plus SOC at any time 

either during the frying or during the cooling process. In order to verify the accuracy of the 

methodologies employed for the quantification of the different kinds of oils, TOC was 

determined experimentally as well according to the Soxhlet method. The total oil content and the 

different oil fractions were expressed as grams of oil per gram of dry solids (dry solids free of 

oil). 

Kinetics of oil uptake 

An empirical first order model (equation 1) was used to describe oil uptake during frying (7): 

)1( Kt
eq eOO ��                                                             (1) 

Where O is the total oil content at frying time t (g oil/g dry solids); Oeq is the oil content at 

equilibrium (or maximum content in dry basis) at t = f and K, the specific rate for the first-order 
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model. In this model, the oil content is null at t=0, and for long times, it becomes the equilibrium 

value. The oil uptake ratio was expressed in equation 2 (3): 
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removedmoisture
contentoiltotalFinalratiouptakeoil
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_____                   (2) 154 
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Statistical Analysis 

Differences between means of data of each treatment were compared by t-test using GraphPad 

Prism v.4.0 program (GraphPad Systems Inc.). Statistical significance was expressed at the 

p<0.05 level.  A statistical analysis was carried out to determine the confidence interval for the 

obtained performance. The cross-validation technique, widely used in machine learning 

problems (29), classification of potatoes chips using pattern recognition (10, 21) and quality 

classification of corn tortillas (24) was used also in this work. This validation technique of k–

partition=N/F permits the evaluation of prediction model in order to obtain a robust model and 

accurate error. In cross-validation, some of the collected samples are removed and become the 

training set. The data is divided into F folds randomly. Each group contains N/k samples, where 

N is the total number of data samples. Then, F-1 folds are used as training data and the remaining 

fold is used as testing data to evaluate the performance of the estimation. When training is 

performed, the samples that were initially removed can be used to test the performance of the 

mathematical model on these testing data. Thus, one can evaluate how well the model works 

with samples that have not been already examined. This process is performed (F-1) more times, 

rotating training and test data during each cycle. The F individual performances from the folds 
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are averaged to estimate the final performance. In our case, the data consists of 3 temperatures 

and 30 samples (N) per temperature for each mechanical properties studied during frying time 

and 60 digital images. For these experiments, we choose F=10 folds and we removed the sample 

k (n=6) and we trained the model using the remaining 54 (N-k) samples. In each test, the testing 

data corresponds to a different group, and the error obtained in each experiment is called ek, for 

k=1, …, 10. The F individual performances from the folds were used to estimate the final 

performance of the model. The percent of success of the mathematical model obtained of each 

sample condition was determined comparing statistically instrumental and mathematical data 

obtained for test data, take into not significant differences between data (p>0.05) using Dunnett’s 

test and t-test with 10 degrees of freedom and 95% of confidence. 

RESULTS AND DISCUSSION 

The methodology used in this research allowed determining the structural (SOC) and surface 

(SUOC) oil content fractions, as well as the total (TOC) oil content in tortilla chips, as previously 

done for potato chips (7). This result was corroborated since a not significant difference (p>0.05) 

was obtained between TOC values obtained both experimentally as by the sum of SOC plus 

SUOC at the three evaluated temperatures (7). 

Total (TOC), structural (SOC) and surface (SUOC) oil content of tortilla chips at different frying 

temperatures are shown in Figure 1. Total oil content of the chips increased considerably during 

the initial period (a10 s) of frying, and then it remained almost constant at the three frying 
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temperatures (Figures 1 and 2). Similar behavior in the kinetics of oil absorption was found both 

in potato chips (7) as in tortilla chips fried at 190 °C during the first 10-15 s (3). This result could 

be explained by the increasing product temperature with time accompanied by starch 

gelatinization, during which pores are created and water is expelled from the product, further 

creating capillary pores which are filled with oil (3). During this period, oil adheres to the chip 

surface and get into the inner part of the product through its damaged zones. Once that most of 

the water is evaporated, product temperature increases and the oil absorption rate diminished. 

The final moisture content obtained after frying was a1.8%db in all cases; however, it was 

obtained at different frying times depending on the frying temperature (Figures 1 and 2). 

Therefore, at the same frying time, the final moisture content will vary resulting in a different 

interpretation of the results. Therefore, the final oil content (SOC) obtained at 1.8%db of 

moisture content was 32 ± 4 (g oil/ 100g oil dry basis, %db) for structural oil content at frying 

temperatures of 160 °C and 190 °C. However, for tortillas fried at 175 °C, oil content was 

approximately higher (40 ± 4 %db) than for others temperatures (32 ± 4 %db). Nevertheless, the 

final oil content in tortilla chips, both SOC and TOC (Figure 2), was not significantly different 

(p>0.05) at different frying temperatures probably related to the remaining moisture content in 

the chips rather than to the oil temperature, as has been reported previously by Gamble et al. (30) 

and Moreira et al. (3). 

On the other hand, while frying temperatures increased, the oil content that penetrates into their 

microstructure (structural oil) diminished from 96% to 85%, and the surface oil content increases 
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from 4% to 15%, as shown in Table 2. Moreover, in order to eliminate the effect of the different 

final frying time, it is more reasonable to consider the water removed during frying to compare 

different frying temperatures (3, 31). Table 2 shows the relationship between oil uptake ratios 

(oil uptake/water removed) at different frying temperatures. The oil uptake ratio was not 

significantly (p>0.05) affected by frying temperature, confirming the results obtained above in 

Figure 2 using Anova. 

Experimental data corresponding to total oil absorption (TOC) as a function of frying time and 

the corresponding curves fitted using Equation 1 are shown in Figure 2. High correlation 

coefficients (R2 � 0.95) were obtained between experimental data and the model of oil uptake by 

Equation 1. Figure 2 shows that not significant differences (p>0.05) in total oil content by frying 

temperatures were obtained. Parameters of this model (Equation 1) calculated for each 

experimental conditions are shown in Table 2, showing that the specific rate (K) increased with 

frying temperature, as it was observed before in potato chips (7, 32). However, the equilibrium 

oil content (Oeq), which is the final TOC, was independent of frying temperatures, according to 

oil uptake ratio results observed in Table 2 and Figure 2. Despite, several authors have reported 

that higher frying temperatures lead to lower absorbed oil of food products (6, 31). Moreira et al. 

(7), however, found that there were not significant differences (p>0.05) in tortilla chips fried at 

160 °C and 190 °C, in agreement to the results obtained in this study. As observed of TOC data 

at the three evaluated temperatures, this Oeq in tortilla chips could be better related to the 

remaining moisture content in the chips (1.8%db, independently of frying temperature) than to 

the oil frying temperature, as previously reported in potato and tortilla chips (3, 30). 
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The aim of this study was to obtain digital features from images of tortilla chips in order to 

obtain a linear correlation with oil content fractions. Therefore, the mean (n=60) of each digital 

feature obtained (672) at each frying time and each frying temperature was correlated with the 

mean of data (n=30) of each oil content fraction measured using Soxhlet method. Thus, the 

software searched the best digital feature obtained by CV that lineally correlates (R2>0.95) with 

each oil content studied at each temperature, as observed in Table 3.  This best digital feature 

was different depending on the frying temperature and the oil fraction studied, indicating that 

differences in tortilla chips can be observed through image analysis. The image analysis was 

nevertheless performed on the surface of each tortilla, where it could have been expected to 

obtain only digital features that correlated with surface oil content. The different digital features 

obtained for total, surface and structural oil content was mainly attributed to differences in the oil 

fraction during time. Using the obtained linear equations from best digital features in each case 

(Table 3), the predictions of oil contents (SUOC, SOC and TOC) were obtained to each 

replicates (n=4). Figure 3 shows an example of oil content (SOC) prediction at 190 °C using 

their corresponding obtained digital feature. In general, when experimental data is fitted using a 

mathematical model, the correlation coefficient (r-square) must be greater than 0.9, however for 

data prediction, r-squares greater than 0.8 are expected for a model to be validated (11, 22, 22, 

24). According to this, a high variation coefficient (R2�0.86) was obtained between instrumental 

data obtained experimentally by Soxhlet method and by using the mathematical linear model 

obtained from the extracted feature (Table 3) through their image analysis (n=60) (theoretical 

feature), indicating low variability between both parameters due replicates (n=20). This high 
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coefficient correlation (R2�0.86) was obtained for all oil fractions studied in each of the tested 

conditions. 

252 
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264 

265 

266 

267 

268 

269 

270 

271 

A cross-validation technique was used in order to validate each mathematical model obtained for 

predict each oil content fraction at each frying condition. The percent of success of linear model 

to predict oil content using a corresponding digital feature was higher than 90% (Table 3), being 

mostly 100%. Besides, Bartlett's test for equal variances showed no significant differences 

(p<0.05) between variances of prediction model and experimental data of each studied 

conditions and between the test classification performance. This result demonstrates the 

repeatability of the classification and the effectiveness of the each linear model to predict oil 

content from tortillas chips during frying using digital features. According to the t-student test 

with 10 degrees of freedom and 95% of confidence, we obtained that the performance of the 

prediction models was 97 ± 4 %, whereas the confidence interval was between 93% and 100%, 

with 95% of probability. The coefficient of variation (defined as 100 × standard deviation/mean 

value) was lower than 5%, showing the repeatability and effectiveness of the linear model to 

predict mechanical properties using digital features, as well as the good fitting of the prediction. 

Therefore, the results obtained by image analysis for the total oil content (TOC) and the other oil 

content fractions (SUOC and SOC) compared favorably to those obtained through experimental 

classical methods. 

It is important to remark that frying temperature was not found to have any significant effect on 

total oil content. Therefore, a combination of total oil content data for all temperatures was 
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performed to obtain a linear model independently of frying temperature in the range from 160 to 

190ºC, in order to obtain more representative results. The mathematical linear model, the digital 

feature selected (Mean Laplacian- Blue) and cross-validation data are shown in Table 3, 

obtaining lower (moderately) variation coefficient (R2 = 0.843) and lower % of success of the 

prediction (70%) of total oil content in comparison to the models obtained to each condition 

process. However, this linear model would be a much better outcome and more practicable for 

the snack-industry. 

CONCLUSIONS 

In conclusion, the total oil content of tortilla chips was absorbed principally during first 10 s of 

frying, and total oil uptake ratio was independently of oil frying temperature. Intensity and 

geometric digital features (total of 672 features) were extracted from their digital images by 

using computer vision technique and only 9 of them are selected, which depends mainly on oil 

frying temperature and the oil content fraction. Surface, structural and total oil content 

experimentally measured showed a linear correlation (R2>0.95) with textural digital features 

obtained by CV, such as Fourier Haralick and Hu moments, which permits the prediction of 

these chemical parameters through image analysis. According to the cross validation technique, 

the performance in the prediction was a97% and the coefficient of variation was lower than 5% 

showing the repeatability and effectiveness of each linear model to predict oil content using 

digital features and the good fitting of the prediction. Therefore, trustable models which allow 

predicting properties of the tortilla chips can be developed by using selected features extracted 
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from their digital images, without the necessity of measuring them. However, the result of the 

correlation analysis showed that different combinations of features are needed for each frying 

temperature, and that it is necessary to choose individual combinations for each frying 

temperature and oil content fraction. These results indicated that it is not easy transferable to 

other cases. Despite this, a combination of image features for all temperatures was performed to 

predict the total oil content of tortilla chips, which would be a better and more practical outcome. 

This emergent procedure could be implemented to improve and control the frying process of 

tortilla chips. 
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Captions of Figures 383 

384 
385 

Figure 1. Oil content fractions (surface, structural and total) of tortilla chips during frying at 
different temperatures: a) 160°C, b) 175°C, d) 190°C. 
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Figure 2. Total oil uptake for tortilla chips during frying. Experimental data (mean) and their 
fitting by model equation 1. Error bars indicate standard deviation. 
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Figure 3. Prediction of structural oil content (SOC) of tortilla chips fried at 190°C using the 
digital or theorical feature obtained by computer vision that best correlated with experimental 
data. Linear equation and correlation coefficient (R2) was inserted. 
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398 
399 

400 

401 

402 

403 

404 

405 

Table 1. Extracted features by Balu Toolbox from Matlab software (Adapted by Mery et al., 
2010). Coefficients without units. 

 Family Group Name of features 

Geometric 
 
 

Standard 

Center of gravity I, center of gravity j, 
height, width, area, perimeter, Euler 
number, equivalent, diameter, major axis 
length, minor axis length, orientation, 
solidity, extent, eccentricity, convex area 
and filled area. 

Fourier 
descriptors 

Descriptors (0,…,15) Shape information 
invariant to scale, orientation and 
position based on Fourier descriptors, 
they may also be good choice for 
establishing the shape 

Invariant 
moments 

Hu (1,…,7) can be used because they are 
invariant under magnification, translation 
and rotation. 

Color 
(gray,  
Red, 

Green, 
Blue, Hue, 
Saturation, 
Value, L*, 

a*, b*) 

Standard 

Mean intensity, standard deviation 
intensity, Standard deviation intensity 
with neighbor, mean Laplacian and mean 
gradient 

Statistical 
textures 

Tx (k,p) (mean/range) for k=  
1.Angular Second Moment, 2.Contrast, 
3.Correlation, 4.Sum of squares,  
5.Inverse Difference Moment, 6.Sum 
Average, 7.Sum variance, entropy, 8.Sum 
Variance, 9.Entropy, 10.Difference 
Variance, 11.Difference Entropy, 12.,13. 
Information Measures of Correlation and 
14.Maximal Correlation Coefficient, and 
p=1,…, 5 pixels. 

Filter banks 
Discrete Fourier Transform, DFT (1,2; 
1,2) and Discrete Cosine Transform, 
DCT (1,2; 1,2) coefficients 

Invariant 
moments 

Int-Hu (1,…,7) Hu moments with 
intensity information 
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Table 2. Kinetic parameters (Oeq, K) of total oil content (TOC) of tortilla chips at different 
frying temperatures were obtained by Equation 1. Oil uptake ratio was obtained using Equation 
2. The R2 coefficient indicates a good fitted of data to model. 

406 
407 
408 

409 

Parameters 

Frying Temperatures 

160 °C 175 °C 190 °C 

Oil uptake ratio(1) 0.65 (±0.05) 0.70 (±0.05) 0.65 (±0.05)

Oeq(g oil/g dry solids)(2) 0.29 (±0.01) 0.40 (±0.01) 0.33 (±0.03)

K (min-1)(2) 0.13 (±0.07) 0.25 (±0.09) 0.31 (±0.02)

R2 (2) 0.93 0.97 0.99 

Final structural oil content (SOC) (%) 96 92 85 

Final surface oil content (SUOC) (%) 4 8 15 

(1) Equation 2: Final oil content/moisture removed. 
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(2) Kinetic parameters of Equation 1. Oeq is the oil content at equilibrium (or maximum content in 

dry basis) at t=f, t is the frying time and K is the specific rate for the first-order model. 

410 

411 

412 

413 

* Numbers in brackets indicate standard deviation. 
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Table 3. Digital features (y) obtained by computer vision that best correlated with oil content 
and their respective linear equation. R2: correlation coefficient indicating a good fit to 
experimental data for linear regression. Cross Validation: Percent of success. 

414 
415 
416 

Oil Content 

(g/gdb) 

Frying 

Temperature 

(°C) 

Digital feature (y) 
Equation of 

correlation 
R2 

Cross 

Validation 

(%) 

Surface 

(SUOC) 

160°C Fourier 4 - Saturation y=0.056x-0.190 0.950 90 

175°C Tx14, d5 (range) - Red y=0.086x+0.031 0.971 100 

190°C 
Int. Hu moment 1 - 

Saturation 
y=0.93x+0.270 0.985 100 

Structural 

(SOC) 

160°C Int. Hu moment 1 - b y=12e5x-1.3 0.981 100 

175°C Tx1, d2 (mean) - b y=-2.3x+0.940 0.984 100 

190°C Tx13, d1 (mean) - a y=3.1x-0.011 0.968 90 

Total 160°C Tx12, d1 (mean) - a y=9.1x+0.5 0.969 100 
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ACCEPTED MANUSCRIPT 
28 

(TOC) 175°C Tx14, d1 (mean) - L y=-2.2x+0.51 0.970 100 

190°C Mean Laplacian - b y=0.36x-0.52 0.961 100 

TOC 160-190ºC Mean Laplacian- Blue y=-2.18x+0.66 0.845 70 
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