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	ABSTRACT
	ARTICLE INFO 

	Phytosterols are among the most important plant sterol compounds. This study was conducted to identify and determine the amount of phytosterols in distributed yogurts in Tehran by gas chromatography method without derivatization. A total of 60 yogurt samples, including 20 pasteurized high-fat yogurt samples, 20 pasteurized cream yogurt samples, and 20 traditional high-fat yogurt samples, were collected randomly from dairy product supply centers in Tehran from January to March 2022. Then, the amount of cholesterol and four phytosterol compounds including brassicasterol, campesterol, stigmasterol, and beta-sitosterol in yogurt samples were determined using gas chromatography assay without derivatization. The results showed that the total sterols in high-fat, creamy, and traditional yogurt samples were 504.08±55.79, 816.21±51.87, and 332.8±41.22  mg/100mL, respectively. The highest and lowest percentage of cholesterol belongs to cream (%54.75±065) and traditional yogurt (%46.57±0.65), respectively(p<0.05). Also, the highest percentage of phytosterol belongs to traditional yogurt(%54.75±065) and there was a significant difference with other yogurts(p<0.05). The results also showed that the total phytosterols were more than the permissible limit of the national standard (3%) in all samples. According to the results, phytosterols are used in various yogurts distributed in Tehran, which is against the national standard of Iran. Therefore, periodic and regular evaluation of phytosterols in distributed yogurts should be done throughout the year by regulatory bodies and prevent the violation of consumers' rights.
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1. Introduction
Cardiovascular diseases caused by high levels of cholesterol and saturated fats are one of the main causes of death in humans [1]. However, the consumption of low-fat milk and yogurt, which is one of the high-consumption fermented milk products, can reduce bad blood cholesterol [2]. In yogurt, with the reduction of fat, the strength of its texture also decreases, and therefore, to prevent this problem, fat substitutes are used. Considering the low price of various vegetable oils compared to milk fat, one of the common frauds in this field is the use of vegetable oils such as palm [3, 4]. Oils have two main components including triacylglycerols and minor compounds including sterols, tocopherols, hydrocarbons and amounts of volatile compounds [5].
For the first time in the 1950s, plant sterols were known as blood cholesterol-lowering agents [6]. Phytosterols are plant sterols that exist in different types of plants. Some of these plant phytosterols include: beta-sitosterol, campesterol, stigmasterol, ergosterol and stigmastanol, which have a slight difference such as the presence of a double bond or a carbon [7]. According to the national standards of Iran, the only substances allowed to standardize fat in the yogurt industry are cream and butter oil, and the high amount of plant sterols (more than 3%) of the total sterol compounds is not allowed and is considered fraud if observed [ 8-10]. Of course, in recent years, phytosterols have been replaced by cholesterol in some milk products such as yogurt, and these products are sold in some European countries [11]. Phytosterols have side effects in addition to all the benefits they have. One of the side effects that may occur as a result of excessive consumption of these compounds is the reduction of vitamin absorptionAND And also vitaminsD3 in the body, so it is recommended that people who use a lot of phytosterols also use supplements containing these vitamins [12, 13]. Of course, for the use of phytosterols in milk products, legal requirements and necessary permits must be obtained and information about the sterol composition must be included on the product for consumers.
Several studies have been done on how to measure plant sterols in food, but the gas chromatography method is one of the most common methods to evaluate plant sterols, which has the highest resolution. [14, 15]. The aim of this study was to identify and determine the amount of cholesterol and phytosterols in all kinds of pasteurized high-fat, raw and traditional high-fat yogurts distributed in Tehran by gas chromatography method.
2- Materials and methods
2-1- Sampling
[bookmark: _30j0zll]In this study, 60 samples of yogurt, including 20 samples of pasteurized high-fat yogurt, 20 samples of pasteurized cream yogurt, and 20 samples of traditional high-fat yogurt were collected from supply centers in Tehran in a three-month period from January to March 1400 in a simple random manner. Factory samples were selected from among five brands. The samples were transferred to the chemistry laboratory of Kharazmi University under refrigerated conditions and tested.
2-2- Preparation of standard solution of phytosterols mixture
[bookmark: _1fob9te]In order to prepare a standard solution of 1000 mg/liter of cholesterol sterols, brassicasterol, campestrol, stigmasterol and betasitosterol (Sigma, England), 10 mg of each sterol in 10 ml of tetrahydrofuran (Merck, Germany) was solved. In order to control the quality of the chromatography system and reproducibility, this solution is added to the device three times a day.Dani 1000, Italy) GC was injected and the area under the peak of each analyte was used to calculate the extraction efficiency [16]. The working solutions needed every day were obtained by appropriate dilution of the standard solution, which were used in the optimization steps of the extraction conditions of the desired analytes for the proposed methods.
2-3 Determination of sterol profile
10 ml of ethanolic potash was added to 10 ml of the weighed sample and placed on the distillation heater for 2 hours. After cooling, 10 ml of distilled water was added to it and transferred into a 500 ml decanter. 10 ml of saturated hexane was added to the decanter to dissolve non-soap substances. Then, the hexane phase was evaporated using a rotary evaporator under vacuum at a temperature of 50 degrees Celsius. By adding chloroform (1-2 ml) unsaponifiable matter was dissolved and transferred to a 2 ml vial. To identify sterols by gas chromatography, the chloroform solution containing unsaponifiable substances was transferred to the thin layer chromatography plate and these plates were placed inside the chromatography tank containing hexane, diethyl ether (35:65) solvent. Using ultraviolet light, the area of ​​sterol spots was scraped with a spoon and poured into a 5 ml vial and 3 ml of chloroform was added to it. After 3 minutes of radiation of sonicator waves (modelVCX750Made in America) and stirring for one minute, then centrifuged at 4,000 rpm and the upper phase was separated and sent to the company's gas chromatography machine.Thermo FinishingItaly is equipped with a flame ionization detector.TRUST) and RTX-5 column was injected. The injection temperature and the detector temperature were 320 degrees Celsius and the constant oven temperature program was 290 degrees Celsius and the detection time was 35 minutes.[17، ۱8].
[bookmark: _3znysh7]7-2- Statistical analysis
The measured data were first tested for normality and then some statistical indices were calculated. To compare the amount of phytosterols, three groups of yogurt (high-fat yogurt, creamy yogurt and traditional high-fat yogurt) from the one-way grouping test (One Way ANOVA) was used and Duncan's test was used to compare the average of the groups. All statistical analyzes using softwareSPSS  The 23rd edition has been done. Also, the significance level in this study is less than 0.05 (05/0 > p ) Was considered.

3. Results and Discussion
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Chromatograms related to the amount of phytosterols in various yogurts distributed in Tehran are shown in figures 1, 2 and 3. The average values ​​of sterols in yogurt types are shown in Table 1.
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The results showed that in terms of the amount of phytosterol studied (total sterols, percentage of cholesterol, percentage of brassicasterol, percentage of campestrol, percentage of stigmasterol and percentage of beta-sitosterol) there is a significant difference between high-fat yogurt, creamy yogurt and traditional yogurt.05/0 > p ). Due to this significant difference, comparison of means has been done using Duncan's test and the results are shown in Table 2.
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Fig 1 Chromatogram of determining the amount of phytosterols in high-fat yogurt distributed in Tehran[image: ]
Fig 2 Chromatogram of determining the amount of phytosterols in creamy yogurt distributed in Tehran
[image: ]
Fig 3 Chromatogram of determining the amount of phytosterols in traditional yogurt distributed in Tehran.

Table.1 The means of sterols (mg/100mL) in types of yogurt.
	Types of yogurt
	Cholesterol
	Brassicasterol
	Stigmasterol
	Campesterol
	Beta-sitosterol

	

	High-Fat 
	Mean±SEM
	263.9±6.95
	84.47±3.59
	39.16±1.41
	65.80±3.03
	50.75±1.51

	
	Minimum
	215
	53.70
	27.70
	41.60
	37.10

	
	Maximum
	320
	114.70
	51.40
	86.40
	62.80

	Creamy 
	Mean±SEM
	447.05±7.43
	109.56±2.55
	54.67±1.52
	132±2.61
	72.42±1.64

	
	Minimum
	385
	88.60
	43.30
	110.40
	58.30

	
	Maximum
	503
	126.30
	66.60
	151.7
	87.10

	Traditional 
	Mean±SEM
	154.85±4.74
	63.61±3.28
	25.72±1.17
	49.79±2.04
	38.83±1.47

	
	Minimum
	117
	36.20
	16.10
	32.70
	27

	
	Maximum
	185
	91.10
	34.30
	64.20
	52.30




Table.2 Comparing the means of sterols in types of yogurt.
	Types of yogurt
	Total sterols
(mg/100mL)
	Cholesterol
	Brassicasterol
	Campesterol
	Stigmasterol
	Beta-sitosterol
	Total phytosterol

	
	percent

	High-Fat 
	504.08b
	52.38b
	16.72b
	13.01b
	7.78a
	10.06b
	47.59b

	Creamy 
	816.21a
	54.75a
	13.45c
	16.17a
	6.70b
	8.89c
	45.21c

	Traditional 
	332.8c
	46.57c
	19.05a
	14.99a
	7.70a
	11.64a
	53.40a

	WHICH
	11.18
	0.65
	0.57
	0.45
	0.22
	0.20
	0.58

	P Value
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
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   Averages that do not have same alphabets have a significant difference (P <0.05)
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In all the samples, the percentage of phytosterols was more than the permissible limit (3%) of the national standard of Iran. Among the countless products that are produced from milk fermentation, yogurt is the only product that is more acceptable and has a higher consumption per capita [19]. Since the amount of fat in yogurt makes its texture stronger, one of the cases that is considered fraud in yogurt is the use of vegetable oils [20].
In the present study, gas chromatography method was used to extract, measure and identify sterols from different yogurt samples, which is one of the reproducible methods and has high accuracy in extracting sterols from yogurt [15]. Inchingulu et al. (2014) also showed that the gas chromatography method can be used for the analysis of plant sterols and stanols in dairy products [21]. Also, in another study, Chen Yangzong et al. (2015) used gas chromatography to determine cholesterol and four phytosterols in foods without derivatization [22]. Hin Dong et al. (2020) also used gas chromatography to determine six phytosterols in vegetable oils [23].
In identifying and measuring phytosterols in yogurt samples, the results of the present study showed that creamy yogurt contains the highest amount of sterols; After that, there are high-fat yogurt and traditional yogurt, and all three types of yogurt have significant differences in terms of total sterols. Also, the results showed that cholesterol was the main sterol in all yogurt samples, and creamy yogurt, high-fat yogurt, and traditional yogurt had the highest amount of cholesterol, which are statistically significant differences.P<0.05). In a study conducted by Jadi et al. (2019), the results showed that the amount of cholesterol in all types of yogurt samples, including low-fat, high-fat, raw, and traditional, was higher, and since cholesterol is naturally found in milk fat, it can be concluded that Evaluating the amount of cholesterol in yogurt is suitable as a method to check the possibility of using other vegetable oils in yogurt [15].
Domeno et al. (2005) and Pironen et al. (2002), among the studied phytosterols, have reported sitosterol as the dominant phytosterol in food [24, 25]. Also, in the study of Jadi et al. (2019), campestol and brassica sterol were reported as the most phytosterols in yogurt, respectively [15]. In the study of Sarviva et al. (2011), evaluating phytosterol-enriched milk and yogurts in the Portuguese market using gas chromatography, it was determined that the dominant phytosterol is sitosterol [26]. The main reason for this difference can be seen in the amount of phytosterols used in yogurt formulation.
In the present study, the amount of brassica sterol in traditional yogurt was higher than other types of yogurt, and the amount of campestrol in creamy and traditional yogurt was higher than that of high-fat yogurt. The amount of stigmasterol in traditional high-fat yogurt was higher than in cream yogurt (05/0 > p ). The amount of beta-sitosterol in traditional yogurt was more than other types of yogurt (05/0 > p ).
Due to the fact that in some countries the use of phytosterols is used to reduce blood cholesterol levels and reduce cardiovascular diseases, but the studies conducted show that there are few studies on the extent of their use and fraud in the food industry of our country. done. According to the national standards of Iran, the maximum allowed phytosterols in yogurt should not be more than three percent [8-10]. Referring to this article, according to the results obtained in the present study, the amount of phytosterol in all samples was higher than the permissible limit out of a total of 60 samples. This result is in agreement with the results of the study by Vejdi et al. that the amount of phytosterols in the type of yogurt distributed in Tabriz city was more than the permissible limit [15], although it was mentioned earlier that there was a significant difference in the amount of phytosterols in yogurts. , so that the lowest amount of cholesterol and the highest amount of phytosterols were observed in traditional yogurt, which shows the existence of fraud in replacing vegetable oil with milk fat.
[bookmark: _2et92p0]In general, considering the high level of use of phytosterols in different types of yogurts examined, and the increasing number of such frauds in the country's food industry, especially the milk industry, continuous monitoring of these cases will greatly help this industry in order to reduce frauds. Violation of consumer rights will be prevented.
4- total resulting
The results of this study generally showed that all yogurt samples contained phytosterols more than the permissible limit, and traditional yogurt had the highest amount of phytosterols, and high-fat yogurt and creamy yogurt were in the next categories. Three types of yogurt had a significant difference in the amount of total sterols. Also, cholesterol was the main sterol present in all yogurt samples, and creamy yogurt had the highest amount. Considering the results obtained and the high amount of phytosterols in distributed yogurts in Tehran, it is necessary to check the amount of phytosterols in yogurt in order to prevent the violation of consumers' rights.
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	 اطلاعات مقاله                       
	چکیده

	
تاریخ های مقاله :

تاریخ دریافت: 2/12/1401
تاریخ پذیرش: 13/3/1402
	از مهمترین ترکیبات استرولی گیاهی، فیتواسترولها میباشند. در فراورده‌های شیر برای مقادیر فیتواسترول‌ها حدمجاز در نظر گرفته شده است. این مطالعه با هدف شناسایی و تعیین میزان فیتواسترول‌ها در ماست‌های توزیعی در شهر تهران به روش کروماتوگرافی گازی بدون مشتقسازی انجام شد. تعداد 60 نمونه ماست شامل 20 نمونه ماست پاستوریزه پرچرب، 20 نمونه ماست پاستوریزه خامه‌ای و 20 نمونه ماست سنتی پرچرب از دی ‌ماه تا اسفند ماه سال 1400 از مراکز عرضه فرآورده‌های لبنی در شهر تهران به صورت تصادفی جمع‌آوری شد. میزان کلسترول و چهار ترکیب فیتواسترولی شامل براسیکااسترول، کمپسترول، استیگمااسترول و بتاسیتوسترول به روش کروماتوگرافی گازی بدون مشتقسازی تعیین گردید. نتایج نشان داد مجموع استرول‌ها در ماست پرچرب، ماست خامه‌ای و ماست سنتی به‌ترتیب 79/08±55/504، 87/21±51/816 و 22/41±8/332 میلی‌گرم در 100 میلی‌لیتر بود. بیشترین درصد کلسترول مربوط به ماست خامه‌ای به میزان  65/0±75/54 درصد و کمترین میزان متعلق به ماست سنتی با 65/0±57/46 درصد بود(05/0 > p ). همچنین بیشترین درصد فیتواسترول در ماست سنتی به میزان 58/0±40/53 درصد بود و اختلاف معنی‌داری با سایر انواع ماست داشت(05/0 > p ). نتایج نشان داد که در همه نمونه‌ها مجموع فیتواسترول‌ها، بیش از حد مجاز (3 درصد) استاندارد ملی بود. باتوجه به نتایج، در انواع ماست های توزیعی در شهر تهران از روغن های گیاهی استفاده می‌شود که برخلاف استاندارد ملی ایران میباشد. از این رو بررسی دورهای و منظم ماستهای توزیعی از نظر میزان فیتواسترولها باید در طول سال توسط ارگانهای نظارتی انجام گیرد و از تضییع حق مصرفکنندگان جلوگیری شود.
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