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Relationship between Viscosity and Some 
Chemical Characteristics of Frying Oils

Abstract

The viscosity and chemical characteristics (acidity, peroxide value, polar content, polymer content and oxidized fatty acids) of sun-
flower oil, cottonseed oil and palm olein during deep fat frying at 180ºC ± 5ºC for 10 hrs were investigated. Results showed a relative 
between viscosity and chemical properties. Measurements of viscosity can provide a good overall estimate of frying oil quality. 
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Deep frying is one of the most common methods used for the preparation of food. Repeated frying causes several oxidation and ther-
mal reactions which results in change in physico-chemical, nutritional and sensory properties of the oil [1]. During frying, due to hydroly-
sis, oxidation and polymerization process the composition of oil changes which in turn changes the flavor and stability of its compounds 
[2]. During deep frying different reactions depend on some facts such as replenishment of fresh oil, frying condition, original quality of 
frying oil and decrease in their oxidative stability [3]. Atmospheric oxygen reacts instantly with lipid and other organic compounds of 
the oil to cause structural degradation in the oil which leads to loss of quality of food and is harmful to human health [4]. Therefore, it is 
essential to monitor the quality of oil to avoid the use of abused oil due to the health consequences of consuming foods fried in degraded 
oil, to maintain the quality of fried foods and to minimize the production costs associated with early disposal of the frying medium [5]. 
Different physical and chemical parameters of edible oil were used to monitor the compositional quality of oils [6,7]. 
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These physico-chemical parameters include iodine value, saponification value, viscosity, density and peroxide value. Edible oils are 
one of the main constituents of the diet used for cooking purposes. Several researchers studied the impact of temperature on the sta-
bility, viscosity, peroxide value and iodine value to assess the quality and functionality of the oil [8,9,10]. Viscosity measurements can 
provide a good overall estimate of frying fat or oil qual [11]. The viscosity of vegetable oils is affected by a number of factors. These 
include the physical and chemical properties of oil such as the density, molecular weight, melting point and degree of unsaturation. A 
factor that greatly affects the viscosity of oils is temperature. It has been reported that the viscosity of oils and fats decreased linearly 
with temperature [12]. In vegetable oils, viscosity increase with chain lengths of triglyceride fatty acids and decrease with unsaturation 
in other words, increase with hydrogenation. So, viscosity is a function of molecules dimension and orientation [13]. The sole objective 
of the present study was to explore the effect of frying on viscosity and physico-chemical properties of sunflower, cotton seed and palm 
olein during frying of potato chips. 

Materials and Methods 

Results and Discussion

Materials: Sunflower oil, cottonseed oil palm olein and potato tubers (Solanum tubersum) were purchased from local market in Giza, 
Egypt. All solvents and reagents from various suppliers were of the highest purity needed for each application and used without further 
purification. 

Sample preparation: Potatoes were peeled and then sliced using a Mandolin Slicer (Matfer model 2000, France) to a thickness gage 
(Mi tutoyo thickness Gage, Japan), and cut into a diameter of 5.08 cm using a cylindrical metal cutter. The potato slices were rinsed with 
distilled water to eliminate starch material on the surface and then blotted with paper towels before each experiment. The samples were 
placed in aluminum foil to avoid any moisture loss before further processing.

Frying process: A known amount (Ca. 2 kg) of each of the sunflower oil, cottonseed, and palm olein were placed separately in a stainless 
steel pan fryer (40 cm diameter X 10 cm height). The aforementioned oil were separately heated at 180°C ± 5°C, then 100 gm of slices po-
tato were fried every 30 min, for 10 hrs during two consecutive days. The fryer was left unconverted during the frying period. The fryer 
was turned off at the end of the frying experiment for each day and the oil was allowed to cool to 60°C then stored at room temperature 
during the night till next day to continue the frying. Oil samples were taken every 2 hrs and the entire continuous frying period was 10 
hrs. The oil samples were left to cool down and then stored at-18°C for physic-chemical properties. 

Quality assurance of fried oil: Viscosity measurement of oil at 30°C was carried out the Brookfield LV viscometer Mode3l T.C.500 
(Brookfield Engineering Laboratories Stoughton, MA, USA) [14]. Methods in the [15] were used to determine acid value and peroxide 
value. Insoluble oxidized fatty acids and insoluble polymer contents of sunflower oil samples were determined according to the methods 
of [16]. Polar and non-polar components in oil samples were separated by column chromatography according to the method described 
by [17]. Column-packing material used was silica gel (60-120) mesh and the polar components were eluted with a solvent mixture com-
posed of 87% light petroleum and 13% diethyl ether.

Acid value was used to assess frying oil degradation and is related to fried food quality [18]. The changes in the acid values of cot-
tonseed, sunflower and palm oil during deep-fat frying at 180°C ± 5°C are given in  Figure 1. Acid value of sunflower and cottonseed oil 
increased strongly after 10 hrs during frying compared with palm oil which increased slightly after 10 hrs. The higher oxidative stability 
of palm oil compared to cottonseed and sunflower oil is due to the high oleic acid (monounsaturated) and low polyunsaturated fatty 
acid content of the triacylglycerols. Hydroperoxides are the primary products of lipid oxidation; therefore, determination of peroxide 
value can be used as an oxidation index for the early stages of lipid oxidation. During frying of potato chips in cottonseed and sunflower 
oil, peroxide value increased strongly with frying time Figure 2. While palm oil after 10 hrs increased slightly. Cottonseed oil the highest 
values of peroxide at the end of frying period (10 hrs). Unsaturated fatty acids easily react with oxygen to form peroxides, whereas, the 
lowest value was recorded for palm oil. This finding is line with the degree of oil unsaturation. 
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Figure 1: Changes in free fatty acids of sunflower oil, palm olein and cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 2: Changes in free peroxide value of sunflower oil, palm olein and cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 3: Changes in polar content (%) of sunflower oil, palm olein and cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

The level of polar compounds is a good indicator of the overall quality of frying oils, providing critical information about the amount 
of newly formed compounds having higher polarity than triacylglycerols [19]. Figure 3 shows the total polar compounds of cottonseed, 
palm and sunflower during deep-fat frying 180°C ± 5̊°C. The lowest value of total polar compounds was observed for palm oil, while the 
highest value of total polar compounds was observed for cottonseed oil at the end of frying period 10 hrs. Decreasing the linoleic and 
increasing the oleic acid of palm oil produced good frying stability as measured by total polar compounds [20].
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The changes in polymer content of cottonseed, palm and sunflower oil during deep-fat frying at 180̊°C ± 5̊°C are shown in Figure 
4. The highest polymer content was recorded for sunflower oil at the end of frying process. On the other hand, palm oil had the lowest 
value at the end of frying period. Figure 5 demonstrates the oxidized fatty acids of oils (cottonseed, palm and sunflower) during deep-fat 
frying at 180̊°C ± 5̊°C for 10 hrs. The highest value of oxidized fatty acids was recorded for sunflower oil at the end of frying period. On 
the other hand, palm had the lowest value of oxidized fatty acids. 

Viscosity of the frying oil is an important factor in determining the total value of oil sticking in the large cavities in the crust of the 
food product [21]. Viscosity of oils increased during frying and was influenced by frying time and the changes in viscosity indicate 
structural change. The tending of viscosity to increase during frying of the oil has been found to correlate with formation of polymers. 
The increasing in viscosity indicates that polymers, which are the higher molecular weight fraction of the degradation products, are 
increased by increasing frying time; also, increasing in viscosity may be due to a hidden effect of free fatty acids produced by hydrolysis 
reactions and other small molecular weight decomposition products during frying [2]. 

Figures 6 to 20 show relationship between viscosity and other properties of oil (cottonseed, palm and sunflower) during frying at 
180̊°C ± 5̊°C for 10hrs. The dependence of viscosity on the oxidative changes in polymerization period of vegetable oils was investigated 
by correlating the oil viscosity with other properties. So, an effort was made to investigate how the degree of chemical properties af-
fected oil viscosity. Highly positive correlation was observed between viscosity and acid value, peroxide value, polar content, polymer 
content and oxidized fatty acids in palm oil (Figure 6-10). Also, highly positive correlation was observed between viscosity and chemical 
properties in cottonseed oil (Figures 11-20). 

Figure 4: Changes in free polymer content (%) of sunflower oil, palm olein and cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 5:  Changes in free oxidized fatty acids (%) of sunflower oil, palm olein and cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 
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Figure 6: Relationship between viscosity and free fatty acid of cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 7:  Relationship between viscosity and peroxide value of cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 8: Relationship between viscosity and polar content (%) of cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 
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Figure 9: Relationship between viscosity and polymer content (%) of cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 10: Relationship between viscosity and oxidized fatty acids of cottonseed oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 11: Relationship between viscosity and free fatty acid of palm olien.

Data are expressed as mean ± SD values given represent means of three determinations. 
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Figure 12: Relationship between viscosity and peroxide value of palm olien.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 13: Relationship between viscosity and polar content (%) of palm olien.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 14: Relationship between viscosity and polymer content (%) of palm olien.

Data are expressed as mean ± SD values given represent means of three determinations. 
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Figure 15: Relationship between viscosity and oxidized fatty acids content (%) of palm olien.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 16: Relationship between viscosity and free fatty acid of sunflower oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 17: Relationship between viscosity and peroxide value of sunflower oil.

Data are expressed as mean ± SD values given represent means of three determinations. 
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Figure 18: Relationship between viscosity and polar content (%) of sunflower oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 19: Relationship between viscosity and polymer content (%) of sunflower oil.

Data are expressed as mean ± SD values given represent means of three determinations. 

Figure 20: Relationship between viscosity and oxidized fatty acid content (%) of sunflower oil.

Data are expressed as mean ± SD values given represent means of three determinations. 
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Conclusion
From these results of this study we can see all the characteristics of oils depending on the viscosity. This depends on the resulting 

curve and equation from the determined of viscosity and other properties of oils; therefore, we can know the viscosity values referee on 
oil quality and knowledge of the other properties of oil because rheology plays a very important role in oils quality during deep frying 
process.


