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To develop a feasible, green, and fast qualitative detection method for identifying edible oil oxidation, 

peroxide and acid values of oils were measured according to the American Oil Chemists’ Society 

standard. A reference set was developed using common edible oils as raw materials. The qualitative 

discrimination between oxidised and non-oxidised oils was calibrated based on Fourier transform 

infrared (FTIR) procedures, which used a mesh cell as spectral acquisition accessory and combined with 

Mahalanobis analysis. At the wave number range from 3750 cm−1 to 3150 cm−1 after oil film path length 

normalisation, the recognition rates of the calibration and the external validation models reached up to 

100% and 96.9% respectively. The results therefore indicated the method as effective as standard 

methods and others in  predicting edible oil oxidation. In conclusion, applying mesh cell-based FTIR 

method to qualitatively analyse edible oil oxidation is feasible. 

 

Introduction  1 

The oxidation of fats and oils is an important deteriorative 2 

reaction which has significant commercial implications on the 3 

products in terms of their value. The initial oxidation products 4 

that accumulate in triacylglycerols are hydroperoxides, which 5 

may subsequently break down to form lower-molecular weight 6 

compounds, such as alcohols, aldehydes, free fatty acids and 7 

ketones, and thereby, ultimately leads to a rancid product.1 8 

Thus, the oxidation level of oil and fat is an important quality 9 

criterion for the food industry. Oxidation of oils is not desired 10 

not only because it produces rancid flavours, but also because of 11 

its negative effect on the nutritional quality and safety of a 12 

product.   The formation of oxidation products may also be 13 

harmful to the human bodies and lead to health concerns.2–4  14 

The American Oil Chemists' Society (AOCS) has a number of 15 

official methods to determine the oxidative status of oil, and the 16 

most common ones are to measure peroxide and acid values (PV 17 

and AV, respectively). The conventional AOCS method used to 18 

determine PV involves iodometric titration which measures the 19 

iodine liberated from potassium iodide after reacting with the 20 

peroxides present in oil samples. 5,6,7 To determine AV, one has 21 

to calculate the milligrams of KOH required to neutralise the 22 

free fatty acids (FFAs) in 1 g of sample according to the AOCS 23 
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official method.8 To express FFA content as oleic acid 24 

percentage, the AV can be divided by 1.99.9 These chemical 25 

methods are not difficult to perform, however, they are time 26 

consuming, destructive to the samples, costly and they require 27 

large quantity of glassware, samples and potentially hazardous 28 

reagents. 10  29 

To counter the drawbacks of the official methods, a number of 30 

new spectroscopic methods to measure lipid oxidation have 31 

been developed over the past few years.10,11 Fourier transform 32 

infrared (FTIR) technique is a powerful tool for analysing edible 33 

oils, both qualitatively and quantitatively, and it has been used 34 

to monitor oil oxidation.12–15 There are limitations with FTIR 35 

and researchers have investigated in various techniques for 36 

overcoming the limitations. However, these newly developed 37 

techniques still have their defects. The attenuated total reflection 38 

(ATR) approach is impractical because of its short path length 39 

cell and weak signal, thus, ATR has low accuracy.16 Van de 40 

Voort and colleagues have worked toward developing 41 

instrumental methods for the quantitative analysis of edible oils 42 

based on FTIR spectroscopy.17,18 Initially, they used a 43 

chemometric approach based on the measurement of the 44 

characteristic O–H stretching absorption band of 45 

hydroperoxides at 3444 cm−1.17 Subsequently, they developed a 46 

much simpler and more accurate method involving the use of 47 

the well-characterised stoichiometric reaction of 48 

triphenylphosphine with hydroperoxides to form 49 

triphenylphosphine oxide.19 However, the sample handling 50 

difficulties associated with the mid-infrared (IR) analysis of neat 51 

oils in the transmission mode limited its practical 52 

application.18,20 To overcome the handling difficulty of the 53 

viscous oil samples, Ma et al. investigated the quantification of 54 

hydroperoxides by using disposable polyethylene IR cards (e.g., 55 

3M IR cards (Pike Technologies, Madison, WI ,USA)) on 56 

edible oils. 19,21 The procedure was simple, but the sensitivity 57 

was low, and the effective path length was vulnerable to 58 

disturbance. Spectral reconstitution (SR) was another technique 59 

investigated, and it was applied to simplify and automate the 60 

FTIR method to determine the PV of edible oil.22 This technique 61 

also used the SR procedure to eliminate cell loading problems.23 62 

However, in the SR method, viscous oil samples loaded into 63 

narrow flow-transmission cells made the cells difficult to clean, 64 

and thus, led to a time consuming process. Moreover, the easy 65 

cross-contamination of the cells  can make the procedure less 66 

accurate and not desirable.24 67 

Russin et al. used disposable polytetrafluoroethylene polymer 68 

IR (PIR) cards as accessory to oxidise the edible oils rapidly 69 

and to simultaneously monitor the extent of oxidation at 70 

moderate temperature (58°C) by FTIR spectroscopy.This 71 

method is advantageous because it’s simple, rapid, and 72 

real-time monitoring. However, the method had poor 73 

temperature adaptability and the PIR cards could not be used 74 

repeatedly.15,25 Currently, oil analysis commonly involves the 75 

use of 3M series IR card made by 3M manufacturers (Pike 76 

Technologies, Madison, WI, USA) and FTIR-PIR cards 77 

produced by Thermo-Nicolet (Thermo Scientific, Inc.). These 78 

cards are all expensive and the high price of such cards limits 79 

their practical applications. Garcia-Gonza et al. used a 80 

reusable stainless steel mesh “cell” as a novel IR sample 81 

handling accessory to monitor and study the oxidation 82 

processes of edible oils under moderate temperature.26 They 83 

found that mesh cell can be used for real-time monitoring of 84 

lipid oxidation process because of its high thermoresistance 85 

and better functionality under infrared light, which promoted 86 

the quality and reproducibility of spectra. 26 87 
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The stainless steel mesh cell is reusable during the test and has 88 

less impact on accuracy. It was an environmentally friendly, 89 

simple and efficient method, which could be useful in 90 

comparing the relative performance of antioxidants, as well as 91 

evaluating the oxidative stability of oils, among other 92 

applications. Recently, our research group has developed a 93 

new technique for spectral acquisition using polyethylene (PE) 94 

film.27,28 In the PE procedure, the spectra of the oil films were 95 

collected by using a PE film background spectrum. The path 96 

length of oil films was determined by a CH combination band 97 

calibration and was normalised to a fixed path length of 0.15 98 

mm. This method can be applied easily, and it is free from 99 

difficulties associated with the viscosity of oils, which is 100 

practical and easy to operate. 101 

In the present study, different kinds of common edible oils 102 

were collected, and their characteristic spectra were measured 103 

using FTIR technique. A reusable stainless steel mesh cell was 104 

used as a test accessory after different oxidation processes 105 

based on the same principle. A new model for qualitative 106 

identification of edible oil oxidation was developed and 107 

validated. The performance of the model was evaluated by 108 

analyzing test samples and comparing the prediction to the 109 

true oxidation status as determined using AOCS official 110 

methods. The new mesh cell-based FTIR method achieved 111 

rapid detection of qualitative analysis of common edible oils 112 

oxidation, which can provide a practical reference for the 113 

rapid determination of the degree of oxidation in edible oils.  114 

Material and methods  115 

Materials and reagents  116 

A variety of edible oils (olive, peanut, soybean, pepper, 117 

rapeseed, camellia, corn, sunflower, linseed, perilla seed, 118 

sesame, bitter almond and walnut) were purchased from the 119 

local supermarkets at Yangling, Shaanxi, China. The choice of 120 

the brands was based on the highest consumption among those 121 

available on the market. The mesh used for the cell developed 122 

in this study was 80 mesh stainless steel wire cloth, with a 123 

wire diameter of 0.140 mm and 31% open area (Xi’an 124 

Chemical Company, Ltd.). Other mesh sizes evaluated were 125 

40, 60, 100 and 120 meshes. Isopropyl alcohol, toluene, KOH, 126 

acetic acid, chloroform, potassium iodide and sodium 127 

thiosulfate were purchased from Tianjin chemical company, 128 

Ltd. All reagents and chemicals used were of analytical grade. 129 

Instrumentation 130 

A Bruker VERTEX 70 series FTIR spectrometer (Bruker 131 

Optics, Germany) equipped with a deuterated triglycine 132 

sulfate (DTGS) detector was used for this study. 133 

Preparation of calibration standards and validation 134 

samples 135 

The abovementioned 16 kinds of oil samples were allocated 136 

randomly based on mass ratio of 1: 1 (two oils) and 1:1:1 137 

(three oils) to produce 25 different mix of oil samples. A total 138 

of 41 types of oil samples, which were prepared by 139 

accelerating oxidation at 105 °C in an oven for 24 h, were 140 

analysed. The oxidation levels of oil samples were determined 141 

by using the standard methods, namely, PV (AOCS Official 142 

Method Cd 8b-90)5 and AV (AOCS Official Method Cd 143 

3a-63).8 The oxidation time was set at two degrees according 144 

to AOCS standard, namely, non-oxidised and complete 145 

oxidation. A total of 123 samples of various oxidation degrees 146 

were obtained and were randomly divided into two sets for 147 

calibration and validation. A total of 91 samples were in the 148 

calibration set, and the remaining 32 samples were in the 149 

prediction set. All samples were sealed, wrapped with 150 

aluminium foil and kept at 4 °C in a refrigerator.   151 
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Mesh cell selection   152 

To determine the optimum mesh size, different mesh sizes (40, 153 

60, 80, 100 and 120) were selected and compared to complete 154 

FTIR detection after deposition of the oils. A sample of edible 155 

oil was randomly selected and deposited onto the surface of 156 

the mesh cell. The changes of the sample spectra at different 157 

standing time points after the sample was placed in the FTIR 158 

spectrometer was then obtained. The spectra of samples were 159 

recorded for  analysis of the baseline and signal to noise 160 

ratio. 161 

Spectral acquisition conditions 162 

At ambient temperature (25 °C), spectra were collected 163 

via FTIR spectrometer with wavelength ranged from 6000 164 

cm-1 to 400 cm-1. The FTIR was operated under transmission 165 

mode, and each recorded spectrum was obtained by obtaining 166 

the average of 16 scans at a resolution of 4 cm−1.  167 

Instrumental procedures 168 

At ambient temperature, approximately 500 µL of sample was 169 

deposited onto the surface of the mesh cell using a 170 

micropipette and was subsequently spreaded uniformly using 171 

the tip of the micropipette. The viscosity of oil samples was 172 

reduced by mixing with hexane to induce their deposition onto 173 

the mesh cell. An oil film was formed after the solvent was 174 

evaporated. Mesh cells prepared in this manner were placed 175 

and maintained in a horizontal position. The spectra of the oil 176 

film were obtained using a blank mesh cell background 177 

spectrum. The effective path lengths of oil film spectra were 178 

normalised to a fixed path length of 0.15 mm by using a path 179 

length calibration equation that relates the effective path 180 

length to the absorbance at 4334 cm−1.  181 

After each experiment, the mesh cell was disassembled and 182 

cleaned by immersion in an aqueous solution of sodium 183 

hydroxide (0.03 N) for 10 min in a sonicating bath at 60 °C. 184 

The mesh was then rinsed with distilled water, and 185 

subsequently, with hexane prior to drying in an oven at 50 °C 186 

for 20 min. This cleaning procedure did not result in any 187 

visually or spectroscopically observable changes in the 188 

meshes. 189 

Discriminant analysis 190 

According to Mahalanobis distance (MD) classification, the 191 

calibration sets were developed with a recognition rate same 192 

as of the evaluation index model. The model was validated 193 

using the validation samples, and the recognition rate of the 194 

validation samples was obtained. The basic idea of 195 

discriminant analysis involves developing a mathematical 196 

model for each category in a certain wavelength range 197 

according to the deviation used for known class sample sets 198 

(calibration sets). Mathematical models of the unknown 199 

sample and various kinds of samples were fitted to calculate 200 

the MD between unknown samples and the calibration set to 201 

discriminant classification. Stoichiometric spectroscopy 202 

analysis was performed using the discriminant analysis 203 

method in software TQ Analyst 7.2. The MD calculation 204 

formula is as follows:29,30 205 

Suppose that there are n samples, and each sample has p 206 

indicators. The data matrix is x, and the element xij denotes the 207 

j indexes of the i sample. Assuming that S represents the 208 

covariance matrix of the indicators, the average spectrum MDi 209 

category of i samples is as follows: 210 

MDi ＝(xi － xavg)
TS-1(xi － xavg) 211 

MDi represents a distance (scalar) of i samples to average 212 

spectrum (centre sample); xi is the row vector of the i sample; 213 

xavg is the row vector of average spectrum; S−1 is the inverse 214 
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matrix of the covariance matrix; and (xi -xavg)
T is the 215 

transposed matrix of (xi - xavg). 216 

Determination principle  217 

According to AOCS standard, the oils with PV≤10 meq/ kg 218 

and AV of ≤0.6 mg/g were defined as non-oxidised oils, 219 

whereas those with PV >10 meq/ kg or AV of >0.6 mg/g were 220 

defined as oxidized oils. Van de Voort et al. found that the 221 

compounds appeared at the absorption region (2700–3650 222 

cm−1) in FTIR spectra contained −OH bonds.17 The 223 

characteristic peaks of hydroperoxides were the regions of PV 224 

values. Therefore, the peak height can be used as the basis of 225 

PV qualitative analysis of edible oils. 226 

The standard analysis of lipid oxidation was performed by 227 

using standard AOCS titrimetric method (Cd 8b-90) to 228 

measure PV and AOCS Official Method (Cd 3a-63) to 229 

measure AV of edible oil sample. After determining the two 230 

values of the sample by titrimetric method, approximately 500 231 

L of sample was deposited onto the surface of the mesh cell to 232 

obtain the IR spectroscopy of the oil films using a blank mesh 233 

cell background spectrum. The spectra obtained between 3750 234 

cm−1 and 3150 cm−1 were then analysed with the qualitative 235 

model developed based on the MD classification.The 236 

recognition rate of validation samples was obtained based on 237 

PV and AV.  238 

Statistical analyses 239 

According to MD classification, the discriminant analysis 240 

criterion was used to develop qualitative analysis models. The 241 

sample recognition rate was used to evaluate the model. All 242 

analyses were performed in triplicate, and the mean values 243 

were used to express the results. The corresponding peak 244 

heights were measured relative to a selected single-point 245 

baseline by implementing macros programmed using the 246 

Macro/Basic tool provided in Omnic 7.3 (Thermo Electon Inc., 247 

Madison, WI). Spectral data processing and statistical analysis 248 

were conducted using TQ Analyst 7.2 (Thermo Electron Inc., 249 

Madison, WI) and OriginPro 7.5 (Originlab, Northhampton, 250 

MA). 251 

Results and Discussion 252 

Mesh size selection 253 

The obtained lipids that were deposited onto mesh cell surface 254 

with different mesh sizes were analysed by FTIR, and each 255 

sample was analysed for  three times. The peak heights at 256 

spectra 1712/1650 cm−1 (the characteristic absorption peak of 257 

AV), 3444/3295 cm−1 (the characteristic absorption peak of 258 

PV) and 966/925 cm−1 (characteristic absorption peak of trans 259 

fatty acid (TFA)) for samples on different sizes of meshes 260 

were analysed after path length normalisation, and the results 261 

are shown in Table 1. 262 

Table 1. Characteristic absorption peaks of AV, PV and TFA 263 

compared at different mesh sizes (Mean±SD). 264 

Mesh 

size 

                      Characteristic absorption peak 

1712/1650 cm
−1

 3444/3295 cm
−1

 966/925 cm
−1

 

40 0.93±0.01
A
 0.168±0.002

A
 0.60±0.004

A
 

60 0.91±0.01
B
 0.167±0.003

AB
 0.58±0.009

B
 

80 0.87±0.002
C
 0.165±0.000

B
 0.59±0.003

B
 

100 0.91±0.003
B
 0.167±0.002

AB
 0.58±0.004

B
 

120 0.91±0.005
B
 0.169±0.001

A
 0.59±0.003

AB
 

Means within a list indicated by different capital letters are significantly 265 
different (LSR test, P<0.01) (n=3). 266 

Table 1 illustrates that mesh size of 80 had highly significant 267 

difference compared with other size at 1712/1650 cm−1 and 268 

had significant difference compared with the mesh size of 40 269 

and 120 at 966/925 cm−1 and 3444/3295 cm−1. When the three 270 

characteristic absorption peaks with a mesh size of 80 were 271 

repeatedly detected, the test result showed the least 272 
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fluctuation, and SD was the lowest. The IR transmission 273 

characteristics of the mesh showed a substantial dependence 274 

on the mesh size, owing to light scattering effects.26 275 

Consequently, the analysis with a mesh size of 80 to scan IR 276 

spectroscopy was the most appropriate.  277 

Influence of standing time on spectrum 278 

A sample of edible oil was selected randomly for deposition 279 

onto the surface of mesh cell with the mesh size of 80. The 280 

sample was placed in the FTIR spectrometer to obtain the 281 

changes of sample spectra at different standing time points. 282 

The obtained infrared spectra are presented in Fig. 1. 283 

Fig. 1. Influence of standing time on FTIR spectra of samples 284 

deposited on mesh cell 285 

The peak height and peak position of the samples at 286 

4334/4300 cm−1 did not fluctuate with changes in standing 287 

time (Fig. 1). The peak height at 4334/4300 cm−1 and path 288 

length of oil films deposited on the test accessory had a high 289 

linear correlation. The results showed that the path length of 290 

oil films did not fluctuate with the changes of standing time 291 

when mesh cell was used as a test accessory, hereby indicated 292 

that the film load was stable on the mesh cell (mesh size 80) 293 

and the use of mesh cell as the test accessory is feasible 294 

Spectroscopy analysis 295 

A total of 123 spectra were obtained by subjecting the samples 296 

to FTIR. The spectra of the seven kinds of oil samples were 297 

shown in Fig. 2(a). The spectra comparison of the oxidized 298 

and non-oxidized samples range from 3750 cm-1 to 3150 cm-1 299 

were shown in Fig. 2(b). 300 

(a)                                    301 

 (b) 302 

Fig. 2. Spectra of the seven kinds of samples (a) and 303 

comparison of the oxidized (O) and non-oxidized (NO) 304 

samples range from 3750 cm-1 to 3150 cm-1 (b) recorded with 305 

a stainless steel mesh cell (80 meshes).  306 

The stainless steel meshes were transparent over the spectral 307 

range considered and did not have a baseline tilt caused by 308 

light scattering (Fig. 2 (a)). Moreover, because of lower 309 

baseline noise compared to other spectral acquisition 310 

accessory, the signal to noise ratio was larger, thereby resulted 311 

a high sensitivity, which met the determination requirements. 312 
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Fig. 2(b) showed the spectra of oil samples in this region 313 

(3750 cm-1 to 3150 cm-1) had clear distinctions, which could 314 

be used to discriminate the oxidized and non-oxidized oils. 315 

Calibration 316 

Mesh cell-based FTIR techniques was applied to investigate 317 

the peak height of all 123 oil samples at spectra 3750–3150 318 

cm-1 (the characteristic absorption peak of PV) after spectrum 319 

correction was done based on peak height at 4334/4300 cm-1. 320 

According to MD discriminant analysis, qualitative analysis 321 

models were developed. The results were shown in Fig.3. 322 

 323 

Fig. 3. Distance-discrimination plots for oxidised and 324 

non-oxidised oil samples in the calibration set 325 

At wave number range of 3750–3150 cm−1, qualitative 326 

analysis models were developed based on the corrected 327 

spectral data combined with MD discriminant analysis (Fig. 328 

3). Figure 3 showed that all oxidised and non-oxidised oil 329 

samples were well discriminated into the regions of oxidation 330 

and no oxidation, with a recognition rate of 100%. Therefore, 331 

the corrected distance discriminant analysis method can 332 

successfully classify oxidised and non-oxidised oil samples. 333 

Validation 334 

To further validate the model's reliability, a total of 32 samples 335 

(16 non-oxidised oil samples and 16 complete oxidation 336 

samples) were analysed by discriminant analysis. The results 337 

were shown in Table 2. 338 

Table 2. Results of the discrimination analysis for edible oils 339 

samples in the validation set.  340 

Sample Number Recognition rate/% 

Oxidized 16 93.8 

Non-oxidized 16 100 

All 32 96.9 

 341 

The PV and AV of six samples were near the ACOS standard 342 

(PV≤10 meq/kg, AV≤0.6 mg/g) and 5 of them were 343 

predicted correctly. Only the one sample was not correctly 344 

determined. The particular sample was an oxidised linseed oil 345 

with a PV of 10.05 meq/kg and AV of 0.61 mg/g. The 346 

difference between the actual PV, AV and the standard were 347 

too small, which made the model fail to clearly identify the 348 

oxidation status. The possible reason was that the sensitivity 349 

of FTIR method is beyond the differences28,32. Overall, the 350 

high accuracy rate achieved still indicated that using oil 351 

characteristic absorption peak detected at the wave number of 352 

3750-3150 cm-1 in combination with the discriminate analysis 353 

can effectively predict the oxidation status of edible oils. 354 

Conclusions 355 

Mesh cell-based FTIR method combined with discriminant 356 

analysis can be used for the qualitative discriminant analysis 357 

of edible oils with different oxidation degrees. According to 358 

the calibration and validation analysis, the qualitative analysis 359 

model was developed in the spectral range of 3750–3150 cm−1. 360 

A model which used mesh cell-based FTIR technology 361 

combined with MD discriminant analysis was developed. 362 

Calibration model recognition rate reached 100%, and the 363 

validation model recognition rate reached 96.9%, indicating 364 
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that the method was feasible. 365 

Qualitative identification of edible oil oxidation degrees 366 

based on mesh cell FTIR procedures is accurate and reliable. 367 

Compared to the AOCS official methods, the mesh cell-based 368 

FTIR technology is an alternative and innovative tool for 369 

faster and cheaper qualitative analysis of edible oil oxidation, 370 

and it also considerably reduces the use of toxic organic 371 

solvents. When compared with near infrared transmission 372 

spectroscopy method 31, this model’s establishment is much 373 

simpler and requires less spectral pretreatments. The repeated 374 

use of mesh cell after each experiment makes it an 375 

environmentally friendly method. In conclusion, this method 376 

is a highly feasible, green, and fast edible oil oxidation 377 

qualitative detection method. 378 
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