[image: image1]Differences in the main composition and molecular components of sheep and cow butter oils produced by the local traditional method

		ORIGINAL RESEARCH
published: 05 October 2022
doi: 10.3389/frfst.2022.962529


[image: image2]
Differences in the main composition and molecular components of sheep and cow butter oils produced by the local traditional method
Atefeh Dasht Peyma1, Zahra Piravi Vanak2* and Mehrdad Ghavami1
1Department of Food Science and Technology, Science and Research Branch, Islamic Azad University, Tehran, Iran
2Department of Food, Halal and Agricultural Products, Food Technology and Agricultural Products Research Center, Standard Research Institute (SRI), Karaj, Iran
Edited by:
Iuliana Vintila, Dunarea de Jos University, Romania
Reviewed by:
Sodeif Azadmard Damirchi, University of Tabriz, Iran
Jesús Rodríguez-Miranda, Instituto Tecnológico de Tuxtepec, Mexico
* Correspondence: Zahra Piravi Vanak, zpiravi@gmail.com
Specialty section: This article was submitted to Food Process Design and Engineering, a section of the journal Frontiers in Food Science and Technology
Received: 06 June 2022
Accepted: 14 September 2022
Published: 05 October 2022
Citation: Dasht Peyma A, Piravi Vanak Z and Ghavami M (2022) Differences in the main composition and molecular components of sheep and cow butter oils produced by the local traditional method. Front. Food. Sci. Technol. 2:962529. doi: 10.3389/frfst.2022.962529

Sheep and cow butter oils have high consumption and trade rate in the market, but standards regarding type differentiation are lacking. Therefore, the objective of this study was to assess the distinction of the main and molecular components of sheep and cow butter oils. Sanjabi sheep and Holstein cow butters were produced from milk collected in two seasons of summer and autumn via the conventional local method. The main components including fatty acids, triacylglycerols, sterol composition, and PCR test for the evaluation of molecular components were determined in butter oil samples. The most significant differences in fatty acids were for C10:0 and C16:0, and regarding TAGs were for C40, C42, C48, and C50 in sheep butter oils of the two seasons. The sterol composition in cow and sheep butter oils was similar but had differences in the two seasons. PCR tests also showed that cow and sheep butter oils differ in their molecular components. It can be concluded that it is possible to differentiate these two oils using triacylglycerols, fatty acids, and molecular evaluation.
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INTRODUCTION
The Codex standard 280: 2018 defined butter oil or ghee as a product entirely manufactured from milk, cream, or butter through different processes, which nearly caused a total removal of the nonfat solids and water, with the particularly developed physical structure and flavor. Butter oil, produced by a traditional local method, has high rate in Iran, especially in the Kermanshah province. Kermanshah is where 1,000 tons of butter oil is traditionally produced each year, and also, this product is manufactured in other regions such as Africa, the Middle East, and Asia (Salarabadi et al., 2015).
From the chemical composition viewpoint, butter oil is considered a complex combination of glycerides, phospholipids, sterols, and vitamins (Ali et al., 2020). Triacylglycerols (TAGs), the main portion of lipids, make up about 95–98 percentage of the edible oils. The identification and determination of TAGs are the best way to achieve the composition and purity of edible oils (Piravi vanak, 2018). According to many research studies and international standards (ISO, 2008), the evaluation of milk fat purity should have been carried out by TAG analysis. Fatty acid composition is the main part of the triacylglycerol structure. Based on the nature and level of fatty acids present, the source of edible oils and fats can be recognized. Therefore, this item is considered as the main parameter in international standards such as the Codex standard 210: 2019 (Piravi vanak, 2018). In addition to TAG and fatty acids as the main components of butter oil, there are minor components comprising 0.5–1% of butter oil. Sterols, especially cholesterol, have the higher content in the minor component portion (Ali et al., 2020).
There have been several reports on using the chromatographic techniques for the determination of fraud in dairy products (Naviglio et al., 2017; Raftani Amiri and Salmani, 2017). Previous studies have also described the polymerase chain reaction (PCR) technique for animal species detection in dairy products (Khanzadi et al., 2013; Nooratiny et al., 2013; Hazra et al., 2017).
Compared to cow milk, sheep milk contains varied fatty acids (branch fatty acids and CLA) and has a greater nutritional, industrial, and therapeutical importance (Khudhair Jabir Alrikabi, 2015). Sheep butter oil has high demand by the consumers and is costly due to its favorable flavor and also acceptability. Therefore, sheep butter oil can be adulterated by cow butter oil, and there has to be methods to differentiate these products and also detect adulteration.
There are different methods to produce butter and butter oil. One local and traditional method is producing yoghurt and then shaking and blending the yoghurt in a leather container to separate the fat phase from the water phase as butter. Then, the produced butter can be used for butter oil production mainly via gentle heating and removing water. There is little information regarding the composition and quality of butter oil produced by this traditional method in spite of its popularity and high importance in the market. The objective of this study was to determine the main composition and molecular components of sheep and cow butter oil produced by the traditional local method to draw the distinction. Regarding the high consumption of the two types of butter oils and higher price of sheep butter oil than cow’s butter oil in Iran and lack of national regulations, the results of this research can help set national standards and also detect fraud and adulteration.
MATERIALS AND METHODS
Sample preparation
Milk was collected from a local sheep breed (Sanjabi) and cow breed (Holstein) from a small farm in Kermanshah in two seasons (summer and autumn) (ISO 707: 2008). The starter culture was inoculated into the milk, and after 7 h at 45°C, yogurt was prepared; then the samples were stored overnight at 4°C. Yogurt was diluted with water and treated via shaking in a leather container, which is called mashk locally. Then, butter was separated from the diluted yogurt. The water from the obtained butter was removed by heating to obtain butter oil, as described previously (Najafi et al., 2011).
Fatty acid analysis
Fatty acid methyl esters were prepared according to ISO (ISO 15884: 2002). Then, 100 mg of the sample was dissolved in 5 ml of normal heptane and methylated with 0.2 ml of 2 M sodium methoxide. A measure of 1 µl of fatty acid methyl ester (FAME) was injected into a (YL Instrument, 6500, Korea) GC system equipped with a capillary column (60 m × 0.25 mm) and a flame ionization detector (FID) using hydrogen as the carrier gas with a flow rate of 2 ml/min. The injector and detector temperatures were adjusted to 250°C and 260°C, respectively. The relative retention time of the obtained results was compared to that of the standards, and the fatty acids were identified (ISO 15885: 2002).
Triacylglycerol analysis
Butter oil was analyzed by gas chromatography to determine triacylglycerols, separated by the total carbon numbers (ISO 17678: 2010). A GC (Shimadzu, Nexis-2030, Japan) system equipped with a capillary column (30 m × 0.53 mm) and a flame ionization detector (FID) using hydrogen as the carrier gas with a flow rate of 4 ml/min was used. The injection volume was 0.5 µl, and the injector and detector temperatures were adjusted to 370°C.
Sterol analysis
The sterol content of ghee was determined according to EC (EC 273: 2008). The sterols were transformed to trimethyl-silyl ethers and were analyzed by gas chromatography with reference to an internal standard/botulin. A YL6500 GC (YL Instrument, 6500, Korea) system equipped with a capillary column (30 m × 0.25 mm) and a flame ionization detector (FID) using hydrogen as the carrier gas with a flow rate of 1.5 ml/min was used. The injection volume was 1 μl, and the injector and detector temperatures were adjusted to 300°C and 310°C, respectively.
Molecular analysis
The molecular method consists of a lysis step, followed by removing contaminants and nucleases from the DNA-containing aqueous phase using phenol and chloroform, respectively, final DNA precipitation with ethanol concentrating the DNA, and eliminating salts and residual chloroform (ISO 21571: 2005). The PCR technique was performed according to ASTM, 1973 (ASTM E1873: 2006).
Statistical analysis
To examine the identification of primary and molecular components of sheep and cow butter oils and their possibility of differentiation, a completely randomized design was incorporated and four independent samples were considered. All values were expressed as the mean ± standard deviation (SD). The results were analyzed in SPSS software 22.0 for Windows (SPSS Inc., Chicago, IL, United States). The means were compared using Duncan‚s multiple range test at the significance level of 95%.
RESULTS
Differentiation in fatty acid composition of butter oils
A significant difference (p < 0.05) between the fatty acids of cow and sheep butter oils was found (Table 1). The content of C10:0 in sheep butter oils in the two seasons (6.89–7.75%) was much more than that of the cow type (2.02–2.16%). Palmitic acid, as the predominant saturated fatty acid for the two seasons, in cow butter oils (37.58–37.81%) was much higher than sheep butter oils (27.05–32.43%). There were also many differences (p < 0.05) between fatty acids of cow and sheep butter oils in terms of animal type and seasons such as C4:0, C8:0, C10:0, C12:0, C16:0, C16:1, C17:0, C18:0, and C18:1 (Table 1). In addition to these differences, on short- and medium-chain saturated fatty acid (C4-C14) levels in two butter oils, their sum (25.04–27.58%) for sheep in comparison to cow (19.02–20.57%) in the two seasons can also be considered as a differentiating indicator.
TABLE 1 | Fatty acid composition of cow and sheep butter oils in summer and autumn.
[image: Table 1]Differentiation in triacylglycerol composition of butter oils
The results of comparing cow and sheep butter oil triacylglycerols in summer and autumn showed that there is a significant difference (p < 0.05). Sheep butter oil triacylglycerols in the two seasons including C40 (11.70–12.62%), C42 (9.74–11.78%), C48 (5.10–7.33%), and C50 (6.36–8.09%) had differences with the corresponding range of triacylglycerols in cow butter oil [C40 (7.91–8.37%), C42 (6.70–6.81%), C48 (11.15–11.76%), and C50 (12.19–12.21%)] (Table 2; Figures 1A–E).
TABLE 2 | TAG composition of cow and sheep butter oils in summer and autumn.
[image: Table 2][image: Figure 1]FIGURE 1 | TAG chromatograms (three experiments). (A) Summer sheep butter oil, (B) summer cow butter oil, (C) autumn sheep butter oil, (D) autumn cow butter oil, and (E) guide.
Differentiation in the sterol content of butter oils
The results showed that while there was a significant difference between summer and autumn sterol contents (1.30–1.78%), there was no difference regarding the animal types.
Differentiation in molecular components of butter oils
Figure 2A,B showed that the molecular components of cow and sheep butter oils are significantly different. The B samples loaded at positions 3 and 4 genetically matched with the cow sample at position 5, and it was determined to be bovine butter oil in Figure 2A. The A samples loaded at positions 8 and 9 had a genetic match with the sheep sample at position 13, and it was determined to be sheep butter oil in Figure 2B.
[image: Figure 2]FIGURE 2 | PCR of different butter oils with a specific primer on the agarose gel (three experiments). (A) Cow butter oil and (B) sheep butter oil.
In this study, the PCR test results along with fatty acid and triacylglycerol analyses could be applicable methods for the differentiation of sheep and cow butter oils.
DISCUSSION
The current findings showed that fatty acids of cow and sheep butter oils in the two seasons were different. Markiewicz-Keszycka et al. (2013) and Balthazar et al. (2017) reported that sheep milk contains more short and medium fatty acids than cow milk, such as caproic, caprylic, capric, and lauric acids, which create a unique aroma in the milk of these small ruminants. Our finding in terms of short and medium fatty acids of sheep butter oil, particularly capric acid, was consistent with these results. Djordjevic et al. (2019) concluded in their research that sheep milk has less palmitic acid content than cow milk and the profiles of milk fatty acids of different animal species are different. This result also corresponds to our result with respect to palmitic acid as the predominant saturated fatty acid for the two seasons in cow butter oils that was much higher than sheep butter oils. Revila et al. (2017) reported that seasonal changes strongly affect fatty acids due to changes in the composition of forage that animals feed. In various studies, it was found that sheep milk is richer in conjugated linoleic acid (CLA) than cow milk, perhaps due to the semi-extensive nature of the system in which small ruminants are usually raised. Our findings also showed that there are many differences between fatty acids of cow and sheep butter oils in terms of the kind of animal and season.
Cow and sheep butter oils in triacylglycerols determined in the two seasons were different. Fontecha et al. (2005) revealed that the most significant difference between triacylglycerol compounds between sheep and cow milk is triacylglycerols that contain C40, C42, and C44. Also, the levels of triacylglycerols of C50 and C52 in sheep milk fat are lower than those in cow milk fat. The most significant difference in our results in triacylglycerols was related to these four triacylglycerols. Liu et al. (2017) reported that the profile of milk TAGs is not constant during the lactation season and varies with the change of seasons. Although the seasonal variation of most TAG groups is evident, the causative factors for such a variation remain unclear. Our findings were consistent with this issue in terms of the kind of animal and season.
The sterol of cow and sheep butter oils in the two seasons determined that the animal types did not affect their sterol content, but this component is different in summer and autumn.
Moatsou and Sakkas (2019), in their research, showed that the cholesterol content of sheep milk is similar to cow milk, although there is a significant difference between their fat content. According to the research studies, the concentration of cholesterol in sheep and cow milk fats is affected by lactation and season (Strzałkowska et al., 2010; Mayer and Flechter, 2012). These findings also correspond to our result in terms of the cholesterol content.
The results showed that the molecular components of cow and sheep butter oils are different. Khanzadi et al (2013) reported that PCR research is a suitable method to prevent fraud and differentiation of milk in dairy products of animals such as cow and sheep by targeting the DNA sequences with adequate species diversity. Tafavizi and Helalat (2014) found that healthy mammary glands of ruminant milk contain many cells, including somatic cells, leukocytes, and epithelial cells containing DNA. Milk somatic cells remain intact during cheese production and are suitable for DNA extraction and tracing of animal species from its products. In this study, they detected the adulteration of cow milk in sheep cheese by PCR, which was proven and can be generalized to other dairy products.
CONCLUSION
Regarding cow and sheep butter oils produced by the traditional local method, the predominant fatty acids for discrimination were C10:0 and C16:0, and capric acid in sheep milk fat was more than three times as much as in cow milk fat, and C16:0 was much more in cow milk fat. C40, C42, C48, and C50, as important TAGs, were different between the two kinds of butter oils so that C40 and C42 were much more in sheep butter oils in the two seasons than cow butter oils, and cow butter oils in the two seasons had C48 and C50 higher than sheep kinds. The sterol composition in cow and sheep butter oils is similar but was different in the two seasons. PCR tests showed that cow and sheep butter oils differ in their molecular components. Therefore, it can be concluded that it is possible to differentiate these two oils using triacylglycerols and fatty acids, as well as molecular evaluation, and to detect adulteration. The obtained data can also be used to set a national standard for cow and sheep butter oils and can be a dataset for international standards.
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