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Abstract 
 
The aim of this work was to compare the frying stability of refined olive pomace oil alone and 

blended with refined coconut oil during 60 successive sessions. Frying experiments were carried 

out at 180 °C and samples were evaluated by high-performance size-exclusion chromatography 

(HPSEC), measuring the polymers and polar compounds formed. The tocopherol content was 

also analyzed. At the end of the frying process, the lowest content of polymeric compounds (PC) 

and total polar compounds (TPC) were detected for the blend of refined olive pomace oil–refined 

coconut oil (ROPO/RCO) with 13.20% and 25%, respectively, compared to refined olive pomace 

oil (ROPO) pure with 16.9% and 34.5%, respectively. Hence, the present study based on PC and 

TPC as best quality indicators of frying oil degradation indicated that the frying behavior of 

ROPO pure significantly improved by the blending application with RCO and showed a higher 

chemical stability. 
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Abbreviations 

ROPO: Refined olive–pomace oil 

RCO: Refined coconut oil  

HPSEC: High-performance size-exclusion chromatography 

SFA: Saturated fatty acids 

PUFA: Polyunsaturated fatty acids 

TPC: Total polar compounds 

MAG: Monoacylglycerols 

DAG: Diacylglycerols 

ox-TGM: Oxidized triglyceride monomers 

TGO: Triglyceride oligomers 

TGD: Triglyceride dimers 

 

Introduction 

Frying process is a fast, convenient, and energy-efficient cooking procedure that increases 

palatability and provides crust formation together with pleasing flavors and odors [1]. This 

process is a multifunctional operation of food transformation of high complexity that involves 

challenges to oil quality [2, 3]. The presence of oxygen, the moisture content of the food, the 

higher oil temperature and the leaching of components from the food result in the formation of a 

high variety of products with different polarity, stability and molecular weight [3, 4]. These 

components include TAG dimers, polymers, oxidized TAGs, and volatile compounds, all of 

which contribute to degradation of the frying oil [3]. 

The stability of frying oil is a crucial factor in the quality and health effect of both fried foods and 

oils [5]. Therefore, it is imperative to assess oil quality to avoid the use of deteriorated oil [5] by 

the best methods recommended for evaluating frying degradation, which are the determination of 

polar compounds [6] and the determination of polymers [7]. Besides, essays on deep-fat frying in 

a standard fryer remain the best method to test frying performance of oils [8]. To obtain broader 

information on fat alteration, polar compound (PC) content and the level of different thermal 

oxidation and hydrolytic compounds are good quality indicators of frying fats’ alteration [9]. 

Maximum levels of 25% polar compounds or 16% polymers have been established as the upper 

limits of oil degradation for human consumption by most countries adopting regulations on frying 

fats and oils [4, 10]. 
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Several studies on comparative performance of different oils and fats in the frying process have 

been reported [4, 11, 12]. Oils with high levels of polyunsaturated fatty acids (PUFA) are not 

proper for frying due to their fatty acid composition, with a higher tendency to oxidation [4,11, 

13]. Blending is one of the strategies used to enhance the frying stability [12, 14], which improves 

oil functionalities and adjusts the fatty acid profile to optimal levels for frying applications. 

Refined olive pomace oil, like the majority of vegetable oils, contains a variety of minor 

components such as tocopherols which are beneficial to oil stability [15] and has already been 

used in preparation of an ideal frying oil mixture [16]. Ben Hammouda et al. demonstrated that 

blends of monounsaturated oil like refined olive pomace oil (ROPO) with refined oil rich in 

saturated fatty acids like refined palm oil (RPO) (25:75) revealed better frying performance 

compared to other blends [17]. Likewise, according to previous studies, coconut oil is very stable 

to oxidative deterioration when exposed to atmospheric oxygen due to the higher degree of 

saturated fatty acids (about 92%) [18]. 

The aim of the present research work is to evaluate the quality of refined olive pomace oil (ROPO) 

during deep-frying at 180 °C, and to enhance the potential of this frying oil by adding 20% of 

refined coconut oil (RCO), which is rich in saturated fatty acid and hence should improve the 

frying and the oxidative stability during heating procedure. To our knowledge, no study has been 

reported so far on blending refined olive pomace oil with refined coconut oil to formulate new 

frying oils. 

 
Materials and methods 
 
Oil samples 

The studied oils during the 60 deep-frying sessions, which were obtained from the National Oil 

Office of Sfax, Tunisia, were refined olive–pomace oil (ROPO) and refined coconut oil (RCO). 

The studied oil blend (ROPO/RCO) was prepared in the volume ratio of 80:20, after comparison 

of oxidative stability with other proportions using the 743 Rancimat methods (data not shown). 

Blending the polyunsaturated oils with more saturated or monounsaturated oils is a potential 

solution to improve oil stability [14]. 

 
Frying process 

Spunta variety potatoes from Tunisia were peeled, cut approximately in uniform pieces (5 cm 

long and 0.5 cm thick), washed, and wiped before the frying experiments. The latter was 

conducted in the same manner as the actual household cooking process. For deep-frying, an 

electric common domestic fryer type (MOULINEX mega fryer—White—Power: 2100 watts—

Anti-odor filter—Anti-skid feet—Oil capacity: 3L—Adjustable thermostat—Removable bowl—

Size: 35 × 29 × 32 cm—Weight: 4.21 kg) was used. It is equipped with a thermostat and  supplied 
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 with an inert cross-linked steel wire mesh that allows the food to be dipped into the oil without 

coming in contact with the fryer’s inner surface. In every frying session, 200 g of potatoes was 

deep-fried for 9 min at 180 °C in 2.7 L of refined oil, without replenishment. 

The fryer lid was closed when the cooling started. After cooling (≈ 30 min), the frying process 

was repeated 60 times using new potatoes in the same oil. The samples of the fresh, refined oils 

together with those sampled after each ten successive deep-frying sessions were stored in sealed 

dark glass bottles at − 20 °C until analyses. 

Fatty acid composition 

Fatty acid composition was determined by the IUPAC Standard methods [19]. Following 

derivatization to FAMEs with 2M KOH in methanol, FAMEs were analyzed by GC-6850 

(Agilent Technologies, Palo Alto, CA, USA) equipped with a FID detector. FAMEs (c = 50 

mg/mL in hexane, volume injected = 2 μL) were separated using HP Innowax capillary column 

(30 m × 0.25 mm id, 0.25 μm film thickness). The temperature program used was 180 °C for 2 

min, followed by a 3 °C/min increase to 230 °C and held there for 20 min. The temperatures of 

the injector and detector were held at 250 °C. Hydrogen was the carrier gas at a flow rate of 1 

mL/ min with a split ratio of 1:40. Proportions of fatty acids were determined as weight percentage 

(%). 

Determination of total polar compounds 

Total polar compounds (TPC) were determined by means of rapid test instrument (Testo 270 

Deep-frying Oil Tester, Testo Inc., Germany) in the oil blend samples during the frying process. 

Tests were performed according to the manufacturer’s guidelines. A sensor based on parallel plate 

capacitor was immersed in hot oil at frying temperature. The sensor took about 10 s to get a stable 

reading. The TPC percentages along with the temperature were displayed on the screen of the 

instrument [4]. 

Quantitation of triacylglycerol polymers 

Aliquots of 50 mg oil were dissolved in 1 mL tetrahydrofuran for direct analysis by HPSEC. A 

chromatograph equipped with a Rheodyne 7725i injector with a 10-μL sample loop, a Knauer 

120 HPLC pump (Knauer, Berlin, Germany) and a Merck L-7490 refractive index detector 

(Merck, Darmstadt, Germany) was used. The separation was performed on two 100 and 500 

Ultrastyragel columns (25 cm × 0.77 cm i.d.) packed with porous, highly cross-linked styrene–

divinylbenzene copolymers (particle size 5 μm) (Hewlett-Packard, Avondale, PA, USA) 

connected in series, with tetrahydrofuran (1 mL/min) as the mobile phase, according to IUPAC 

Standard Method 2.508 [20]. The groups of compounds quantified were dimers and higher 

oligomers of triacylglycerols [21]. The sum of dimers and higher oligomers will be referred to as 

polymers. 



Eur Food Res Technol 245, 967–976 (2019). https://doi.org/10.1007/s00217-018-3202-5 

5 
 

Quantitation and distribution of total polar compounds 

The content of total polar compounds was determined gravimetrically according to IUPAC 

Standard Method 2.507 [20] with slight modifications. Thus, the non-polar and polar fractions 

were separated from 1 g of oil by silica column chromatography. The non-polar fraction, which 

contains the non-polar TAG, was eluted with 150 mL of n-hexane/diethyl ether (90:10, v/v). A 

second fraction, which comprises the total polar compounds, was eluted with 150 mL of diethyl 

ether. The solvents were evaporated and the contents of the non-polar and polar fractions were 

determined gravimetrically. The efficiency of the separation was checked out by thin-layer 

chromatography using hexane/diethyl ether/ acetic acid (80:20:1, v/v/v) for development of plates 

and exposing to iodine vapor to reveal the spots. The polar fraction was analyzed by HPSEC to 

determine the content of oligomeric, dimeric and oxidized monomeric triglycerides (TG), as well 

as diglycerides (DG) and fatty acids. A chromatograph equipped with a Rheodyne 7725i injector 

with a 10 μL sample loop, a Knauer 1200 HPLC pump (Knauer, Germany) and a Merck refractive 

index detector was used. The separation was performed on two 100 and 500 Å PL gel columns 

(30 cm × 0.75 cm I.D.) packed with porous, highly cross-linked polystyrene–divinylbenzene 

copolymers (film thickness 5 µm) (Agilent Technologies) connected in series. Tetrahydrofuran 

(1 mL/min) was used as the mobile phase and samples were analyzed at concentrations between 

15 and 20 mg/mL in tetrahydrofuran. 

Tocopherol content 

Approximately 0.10 g of the oil sample was accurately weighed in a 50-mL polypropylene 

centrifugation tube and then 10.0 mL of methanol was added. The mixture was thoroughly 

vortexed for 1 min, sonicated at water bath for 30 min and centrifuged at 8000 rpm for 3 min. An 

aliquot of the supernatant was transferred into a vial and then analyzed by the GC-FID system, 

according to Zhang et al. [22]. 

Results and discussion 

Fatty acid composition 

The fatty acid compositions of initial refined olive pomace oil (ROPO) and blended with refined 

coconut oil (ROPO/ RCO) are given in Table 1.  

The fatty acids identified were palmitic acid (C16:0), stearic (C18:0), oleic (C18:1), linoleic 

(C18:2), linolenic (C18:3) and arachidic acids (C20:0). The most predominant fatty acids in both 

fresh oils (ROPO) and (ROPO/RCO) are palmitic acid (15.70–20.08%), oleic acid (57.51–

56.38%) and linoleic acid (20.80–15.63%). The addition of 20% of RCO (rich in saturated fatty 

acid) to ROPO decreased the content of linoleic and linolenic acids (the fatty acids most 

susceptible to oxidation) from 20.80 to 15.63% and 1.00 to 0.56%, as well increased the palmitic  
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acid content (the fatty acids most stable) from 15.70 to 20.08% of the pure and blended oils, 

respectively. Thus, the composition of fatty acids clearly improved in the mixture with the refined 

coconut oil (RCO). 

According to our previous results [14], the data showed that the amount of PUFAs such as the 

linoleic and linolenic acids decreased gradually after 60 sessions of frying in both oils (ROPO 

pure and ROPO/RCO) ranging between 16.95% and 0.64%, respectively, whereas, varying 

between 12.94% and 0.40%, respectively. Consequently, a relative increase in the percentages of 

SFAs such as the palmitic acid was observed. It is well known that oils rich in SFAs are 

characterized by high thermal stability. In fact, the lowest value of C16:0 was observed for the 

ROPO pure with 17.24%, while the highest one for the blended oil with 20.87% after 60 sessions 

of frying. 

Determination of total polar compounds and polymers 

Table 2 shows the results obtained for total polar compounds and polymers in duplicate samples 

of oils heated at 180 °C for 60 successive sessions of frying, under the conditions described in the 

experimental part. Total polar compounds are considered as an excellent oil degradation indicator 

because it refers to all degraded products [23]. These degradation compounds with a high variety 

of different polarity, stability and molecular weight, including polymeric triacylglycerols 

(PTAG), oxidized-triacylglycerols (ox-TAG), oxidized-monoacylglycerols (ox-MAG), 

diacylglycerols (DAG), monoacylglycerols (MAG) and FFAs are formed as a result of thermal 

oxidation reactions or hydrolysis of triglycerides during frying procedures [17]. 

Many countries have established regulatory limits for TPC in frying oils and considered 25% or 

16% polymers as limits [14, 24].Based on the rapid measurements of TPC using the Testo 270, 

results revealed that both the duration of heating and the nature of oils affect the total polar 

compounds (Table 2). Initially, the TPC level in the pure ROPO and blend ROPO/RCO was 9% 

and 9.5%, while the content of polymeric compounds was 1.9% and 0.9%, respectively. Faster 

increment of TPC was found for refined olive pomace oil, from 9 to 34.5%, than in the blend 

ROPO/RCO (from 9.5 to 25%) after 60 successive deep-frying sessions of potato fries at 180 °C. 

Indeed, the limit of TPC for human consumption is estimated for ROPO after 40 sessions, whereas 

it was after 60 sessions for the blend. Therefore, the blend ROPO/RCO showed excellent 

performance. Polymeric compounds are a group of components with different structures 

consisting of polar and non-polar lipid compounds in frying oil [25] which were determined by 

high-performance size exclusion chromatography (HPSEC) [26]. Results showed a higher 

increase of a polymeric compound for ROPO, from 3.20 to 16.90%, after 60 sessions of frying 

than for the ROPO/RCO blend, from 3.20 to 13.20%, in this latter case below the limit of 12–

16% for use of frying fats and oils [24]. 
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As expected, according to our results (Table 2), TPC and PC are in compliance. Their content 

increased gradually with frying sessions as previously [4, 11, 27, 28]. This increase is due to 

oxidation and thermal reactions during frying [29] which lead to the formation of high molecular 

weight compounds [4, 30]. Under the same conditions, the blend ROPO/RCO showed lower 

content of total polar compounds and polymeric compounds during frying than that observed for 

ROPO, which can be explained by the high content of PUFAs in the latter, in agreement with 

previous studies [4, 31]. 

Also, two oil samples were chosen (the blend ROPO/RCO after 60 sessions of frying and the 

ROPO after 40 sessions of frying), when their TPC levels were close to the maximum value for 

human consumption (25%) [17]. Similar distributions of groups of compounds were found in both 

samples (Table 3). 

The distribution of polar compounds showed the quantitative importance of TGP (TGO + TGD) 

and oxTGM in the thermoxidized samples [26]. This can be easily observed by comparing 

chromatograms in Figs. 1 and 2. 

In brief, results showed that the blend ROPO/RCO was more stable than ROPO during frying. 

Limits of detection and quantification 

The parameters of the regression equations, LOD, LOQ, and the calibration range are summarized 

in Table 4. The instrumental detection limits (LODs) and quantification limits (LOQs) were 

estimated using the signal-to-noise ratio (S/N), determined as the lowest concentration producing 

a signal-to-noise ratio of at least 3:1 and 10:1, respectively. 

The instrumental LODs and LOQs are in the low mg/kg range, ranging from 0.15 to 0.59 mg/kg 

and 0.50 to 1.97 mg/ kg, respectively. 

Determination of tocopherols 

Tocopherols are antioxidants that act as radical scavengers to decelerate the propagation phases 

of oxidative degradation [32]. The three isoforms of tocopherols (α-tocopherol, β-tocopherol and 

γ-tocopherol) were identified in the oil samples (Fig. 3). These isoforms are commonly present 

in plant-derived edible oils [33]. 

Initially, α tocopherol was present as a major compound in both oils, ROPO and ROPO/RCO, 

with 240.11 mg/kg and 208.50 mg/kg, respectively (Table 5), while the other isoforms showed a 

lower content, with (3.30–4.61) mg/kg and (3.81–12.6) mg/kg for γ and β tocopherols, 

respectively. 

According to the results obtained, the heating procedure and the frying time affected the 

tocopherol content in the oil samples by a significant degradation during frying. Indeed, the pure 

oil (ROPO) which contained the highest level of total tocopherol with 248.02 mg/kg at fresh state 

underwent an important reduction (p < 0.05) during the frying process. Total tocopherol content  
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was reduced by 94.40%, from 248.02 to 14.02 mg/kg, after 40 successive sessions of frying in 

ROPO and by 90.22%, from 224.91 to 21.94 mg/ kg, in ROPO/RCO. Total tocopherols degraded 

sharply in both oils and were practically exhausted after 60 successive deep-frying sessions. 

 

Conclusion 

The present study highlights the effectiveness of blending in retarding oil degradation during 

frying. Progression of oxidation was basically followed by detecting polar and polymeric 

compounds which is considered as representative of oil degree degradation. The results clearly 

indicated that the frying performance of ROPO significantly improved by the blending with RCO 

and revealed a great resistance to oxidative deterioration after 60 successive sessions of frying as 

compared to ROPO pure. Thus, this research may aid in the evaluation and the selection of frying 

oils as well increases their shelf life in the fast-food industries and in domestic food preparation 

applications. 
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Table 1 Fatty acid composition of ROPO and ROPO/RCO (80:20) blend before deep frying. 

 

Fatty acid 
composition, wt% 

ROPO T0 ROPO after 60 DF ROPO/RCO T0 ROPO/RCO after 60 DF 

C6:0  — 0.06 ± 0.00 0.03 ± 0.00 
C8:0  — 0.62 ± 0.01 0.46 ± 0.02 
C10:0  — 0.36 ± 0.01 0.31 ± 0.01 
C12:0  — 2.50 ± 0.04 2.59 ± 0.01 
C14:0 0.02 ± 0.00 0.03 ± 0.00 1.09 ± 0.01 1.16 ± 0.01 
C16:0 15.70 ± 0.30 17.24 ± 0.10 20.08 ± 0.10 20.87 ± 0.12 
C16:1 0.80 ± 1.10 1.77 ± 0.02 1.55 ± 0.00 1.59 ± 0.01 
C17:0 0.10 ± 0.00 0.07 ± 0.00 0.06 ± 0.01 0.07 ± 0.00 
C17:1 0.11 ± 0.10 0.09 ± 0.00 0.07 ± 0.00 0.07 ± 0.00 
C18:0 3.01 ± 0.00 3.21 ± 0.02 3.72 ± 0.02 3.89 ± 0.01 
C18:1 57.51 ± 0.60 59.13 ± 0.35 56.38 ± 0.00 54.84 ± 0.34 
C18:2 20.80 ± 0.20 16.95 ± 0.23 15.63 ± 0.02 12.94 ± 0.16 
C18:3 1.00 ± 0.00 0.64 ± 0.00 0.56 ± 0.00 0.40 ± 0.01 
C20:0 0.51 ± 0.00 0.56 ± 0.00 0.42 ± 0.00 0.49 ± 0.00 
C20:1 0.30 ± 0.00 0.32 ± 0.00 0.24 ± 0.01 0.30 ± 0.01 

 
Each value represents the mean of three determinations (n = 3) ± standard deviation 
ROPO refined olive–pomace oil, RCO refined coconut oil, DF deep-frying 
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Table 2 Evolution of total polar compound (%) and polymer (%) formation in ROPO and 
ROPO/RCO (80:20) % during deep-frying at 180°C 
 

Session  
numbers 

ROPO 100% ROPO/RCO (80-20%) 

 Total polar 
compound 

Polymers 
Total polar 
compound 

Polymers 

 Mean SD Mean SD Mean SD Mean SD 
0 9 ± 0.5 1.9 ± 0.45 9.5 ± 0.5 0.9 ± 0.18 
10 12 ± 0.5 3.2 ± 0.40 11 ± 0.0 3.2 ± 0.12 
20 15.5 ± 0.5 6.4 ± 0.67 12.5 ± 0.5 3.9 ± 0.46 
30 20.5 ± 0.5 9.6 ± 0.76 14.5 ± 0.5 6.3 ± 1.38 
40 25.5 ± 0.5 11.4 ± 0.82 17 ± 0.5 5.9 ± 0.55 
50 29.5 ± 0.5 14.6 ± 0.81 20 ± 0.0 9.3 ± 0.97 
60 34.5 ± 0.0 16.9 ± 1.04 25 ± 0.0 13.2 ± 0.21 

 

Data are expressed as means ± standard deviations (n = 2) 
ROPO refined olive–pomace oil, ROPO/RCO refined olive–pomace oil/refined coconut oil 
 

  



Eur Food Res Technol 245, 967–976 (2019). https://doi.org/10.1007/s00217-018-3202-5 

13 
 

Table 3 Polar compound content and distribution (wt %) in refined olive pomace oil (ROPO) 
and ROPO/RCO (80:20) during the frying process at 180 °C 
 

Samples Polar compound distribution 
 Polar 

compounds 
TGO TGD oxTGM DG FFA 

ROPO/RCO 60 21.58 2.37 6.70 7.84 4.39 0.28 
ROPO 40 22.15 2.93 7.13 7.91 3.71 0.47 

 
 
ROPO/RCO 60 refined pomace oil/refined coconut oil (80-20%) after 60 sessions of frying, ROPO 40 refined pomace 
oil (100) after 40 sessions of frying, TGO triglyceride oligomers, TGD triglyceride dimers, oxTGM oxidized triglyceride 
monomers, DG diglycerides, FFA fatty acid 
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Table 4 Regression equations, correlation coefficients (R2), limits of detection (LODs) and 
quantification (LOQs) of the proposed method 
 

Tocopherol Regression equations R2 LODs mg/kg LOQs mg/kg 
δ Y= 16.086x – 0.0801 0.95 0.59 1.00 
β Y= 42.13x – 0.1716 0.94 0.39 1.30 
γ Y= 33.948x – 0.1784 0.94 0.15 0.50 
α Y= 28.793x – 0.1243 0.94 0.35 1.97 

 
Y peak area of the quantitative ion of the analyte, X mass concentration of the analyte, mg/kg. 
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Table 5 Tocopherol content (mg/kg) of refined oils (ROPO) and (ROPO/RCO) during frying 
 

 
 
 
 
 
 

 
 
T tocopherols, α alpha, γ gamma, β beta, δ delta, ROPO refined olive–pomace oil pure, ROPO/RCO refined olive–pomace oil/refined coconut oil (80:20) 
Each value represents the average of three determinations (n = 3) ± standard deviation. Different lowercase letters (a, b and c) in the same line indicate significant differences (p < 0.05) for the 
same refined oil mixture at different times. Different capital letters (A and B) in the same row indicate significant differences (p < 0.05) for the different refined oil mixtures at the same time 

T ROPOT0 ROPO20 ROPO40 ROPO60 ROPO/RCOT0 ROPO/RCO20 ROPO/RCO40 ROPO/RCO60 
δ nd nd nd nd nd nd nd nd 
β 3.30 ± 0.01aB 2.81 ± 0.02bB 1.32 ± 0.02cB nd 3.81 ± 0.02aA 2.50  ± 0.01bA 1.82  ± 0.02cA nd 
γ 4.61 ± 0.02aB 3.52 ± 0.01bB 1.20 ± 0.01cB nd 12.60 ± 0.05aA 5.72  ± 0.02bA 3.01  ± 0.03cA nd 
α 240.11 ± 0.85aA 50.20 ± 0.09bB 11.50 ± 0.05cB nd 208.50 ± 0.49aB 81.22 ± 0.06bA 17.11  ± 0.04cA nd 
Total 248.02 56.53 14.02 nd 224.91 89.44 21.94 nd 
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FIGURE CAPTIONS 
 
Fig. 1 Distribution of polar compounds in ROPO (100:0) after 40 sessions of frying based directly 

on HPSEC (A) and on combination of solid-phase extraction (SPE) and HPSEC (B, C). 

Fig. 2 Distribution of polar compounds in ROPO/RCO (80:20) after 60 sessions of frying based 

directly on HPSEC (A) and on combination of solid-phase extraction (SPE) and HPSEC (B, C). 

Fig. 3 Tocopherol chromatogram of the ROPO pure before frying obtained by GC-FID. 
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Figure 1 
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Figure 2 
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Figure 3 

 


