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Abstract. Mongolians traditionally consume a diet rich in animal-derived fats, often exceeding
recommended limits for saturated fat intake. This pattern reflects both cultural preferences and
the wide availability of dairy- and meat-based fats in rural and urban diets. This study investigates
the consumption patterns and quality characteristics of commonly used vegetable oil and animal-
derived fats in Mongolia, with a particular focus on sunflower oil, olive oil, rapeseed oil, clarified
butter, and greaves. A total of 142 participants (57 males and 85 females, aged 18-84 years) were
surveyed. Dietary fat intake was assessed using a structured food frequency questionnaire and
food composition tables, including fats from traditional meals, fried foods, baked goods, snacks,
and condiments. All participants reported regular consumption of both plant-based oils and
animal-derived fats. Notably, animal-derived fats accounted for a significantly larger proportion
of daily intake (Mean: 60.7 + 50.9 g/day) compared to vegetable oils (Mean: 16.8 £ 17.6 g/day)
(p<0.0001, Wilcoxon test). Sunflower oil was the most widely consumed vegetable oil (63.8%
of total plant oil intake), while homemade clotted cream (urum) and clarified butter ranked
highest among animal-derived fats. Total dietary fat intake was significantly associated with
gender (p = 0.003), occupational status (p = 0.030), and age group (p = 0.014), indicating
demographic variations in dietary fat habits. Laboratory analyses were conducted on selected oils
to determine their melting and freezing points, iodine number, total acid number, and content of
unsaturated fatty acids. Results revealed that repeated heating led to increased acidity and a
reduction in unsaturated fatty acids, indicating deterioration in oil quality. The findings suggest
that Mongolian adults consume higher-than-recommended levels of saturated animal fats, with
relatively low intake of unsaturated vegetable oils. This imbalance, combined with the use of
repeatedly heated oils, may increase the risk of non-communicable diseases. Recommendations
are provided to promote healthier oil choices and improve dietary fat quality in Mongolia.
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1 Introduction

In recent years, the nutritional status of the Mongolian population has undergone
significant changes, marked by a notable increase in dietary fat consumption. It has
been established that the majority of fat intake among Mongolians comes from animal
sources such as meat, tail fat, ghee, and butter. Studies on traditional Mongolian diets
have noted that “foods rich in fat and vitamins such as clotted cream, traditional sweets
(urum, buram, ghee, etc.), aged clarified butter, vegetable oil, and nuts predominate,
playing a crucial role in maintaining physiological balance” [1]. According to the
results of the fifth National Nutrition Survey conducted in 2016 by the Ministry of
Health of Mongolia, the National Center for Public Health, JICA, UNICEF, and other
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international partners, the average daily fat intake among Mongolians accounted for
36—41% of total energy intake exceeding the World Health Organization (WHO)
recommendation of <30%. The primary sources of fat were identified as animal-based
products, including meat, tail fat, and butter, while the consumption of unsaturated fats
remained relatively low. This dietary pattern has been associated with an increased risk
of chronic diseases such as cardiovascular conditions, obesity, and type 2 diabetes. The
survey also revealed that 61% of participants were overweight and 16% were obese,
highlighting a strong correlation with fat consumption. Therefore, analyzing the
patterns, sources, and health impacts of fat consumption among Mongolians is crucial
for informing national policies and optimizing public nutrition [2]. The sixth National
Nutrition Survey, conducted in 2024, showed similar trends. Moreover, it reported that
42.2% of children under the age of five regularly consumed unhealthy foods such as
sweets, chocolate, and fried potatoes, posing potential health risks [3].

Table 1. Comparative characteristics of dietary fat consumption in Asian and
European countries [4]

Characteristic | Asian Countries European Countries
Predominantly plant-based Higher proportion of animal-
Type of Fat oils (soybean, sunflower, derived fats (butter, fatty meats,
peanut) and fish oil milk, cheese)
- Often exceeds WHO
. Generally low; traditional . o/
Consumption . . recommendation (<30%) in
diets tend to include .
Level . many countries, such as France
minimal fat
and Germany
. Emphasis on rice, High prevalence of fried and oil-
Dietary . . Y .
Composition vegetables, and fish; low rich foods; diets are typically
P intake of fried foods energy-dense
. High proportion of Both saturated and unsaturated
Fat Quality unsaturated fats fats are commonly consumed
Rela.twely low rates of High rates of cardiovascular
Health cardiovascular diseases . . .
N . diseases and obesity (especially
Implications (notably in Japan and South | .
Korea) in Eastern Europe)

Note: This table summarizes key differences in the types, levels, and health impacts of
dietary fat consumption between Asian and European countries. Asian diets typically
feature lower fat intake, with an emphasis on unsaturated fats from plant and fish
sources, which contributes to lower rates of cardiovascular disease. In contrast,
European diets often include higher levels of saturated animal fats and energy-dense
foods, which are associated with increased risk of chronic conditions such as obesity
and heart disease.

According to the Dietary Guidelines for Mongolians, jointly developed by the Food
and Agriculture Organization (FAO), the World Health Organization (WHO), and the
Government of Mongolia, it is recommended that no more than 30% of daily energy
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intake should come from fats, with a particular emphasis on limiting the consumption
of animal-derived fats [4].

The FAQ’s report “Global and Regional Food Consumption Patterns and Trends” also
highlights a global increase in fat consumption between 1967 and 1999. For instance,
the average daily fat intake worldwide rose from 53 grams per person per day during
1967-1969 to 73 grams during 1997—-1999. This upward trend was observed in both
developed and developing countries and was primarily attributed to the increasing
consumption of animal-derived fats.

Table 2. Average daily fat intake, sources, and health-related characteristics by
country/region [5]

Average % of
Cour-ltry Fat Intake | Total Main Sources Notable . e
/Region Characteristics
(g/day) Energy
Dominated by
28.1- Fish, vegetable | unsaturated fats; low
Japan 36:5-669 | 354 oil, fried foods | prevalence of
cardiovascular diseases
South Korea | 48.0 5 Pprk, goybean 1ncreas.mg trend in fat
oil, milk intake in recent years
China 50 20-25 Vegetable‘oﬂ, Urban areas show .
pork fat, rice rising fat consumption
Dairv. meat High intake of saturated
Kazakhstan | ~70 30-35 Y, ’ fats; prevalent
fatty foods . .
cardiovascular disease
. High saturated fat
Russia ~80 35-40 Meat, dairy, intake; elevated risk of
butter >
chronic diseases
Meat, dairy, High-energy diet;
Australia ~90 35-38 processed obesity rates are
foods significantly high
Meat, dairy, High saturated fat
Canada ~85 35-37 processed intake; cardiovascular
foods diseases are common
. Meat, dairy, Highest fat intake;
United . )
180.1 ~37 processed widespread obesity, and
States Lo
foods chronic diseases
Western Meat, dairy, High saturated fat
136.9 35-40 consumption, common
Europe butter . .
cardiovascular diseases

Note: This table presents comparative data on average daily fat consumption (in grams),
percentage of total energy derived from fat, primary dietary fat sources, and notable
nutritional or health characteristics across selected countries and regions. Higher
consumption of saturated fats is associated with increased risk of chronic diseases,
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while unsaturated fat intake correlates with lower cardiovascular disease prevalence in
some countries.

In East Asian countries such as Japan, South Korea, and China, traditional diets have
historically been dominated by plant-based fats. However, in recent years, fat
consumption has increased due to the growing influence of Western dietary patterns. In
Central Asia and Eastern Europe, particularly Kazakhstan and Russia, the intake of
saturated fats remains high, which contributes to an elevated risk of cardiovascular
diseases. In highly developed Western countries, such as Australia, Canada, the United
States, and Western European nations, fat consumption is also high, with diets
predominantly composed of processed foods and high amounts of saturated fats. These
dietary patterns are strongly associated with chronic diseases, including obesity and
cardiovascular conditions [5], [6], [7], [8], [9], [10], [11].

A study conducted in 2020 by Sabri Bromage among 167 Mongolian adults
revealed that 38% of total daily energy intake came from fat, exceeding the WHO
recommended level [12] According to Order No. A/74 of the Ministry of Health of
Mongolia, the reference average person is advised to consume 67 grams of fat per day,
including 27 grams of saturated fat and 40 grams of unsaturated fat. Additionally, the
dietary guideline recommends consuming no more than two units (approximately two
tablespoons) of oil or fat per day. Furthermore, Order No. A/369 includes an official list
of foods prohibited for sale within school environments. This list contains deep-fried
foods (e.g., khuushuur, piroshki, fried chicken, French fries, boortsog), as well as any
food products that, according to labeling, contain more than 5 grams of saturated fat
per 100 grams or any amount of trans fats [13], [14]. The preference for animal-derived
fats in Mongolia is influenced not only by traditional dietary practices but also by
economic accessibility and limited awareness of the health benefits of unsaturated fats.
While national surveys have provided general data on fat consumption levels, few
studies have conducted detailed quality analyses of edible oils or evaluated their long-
term health impacts in the Mongolian context. In light of these findings and trends, this
study was conducted to investigate the types, quality, and consumption patterns of
edible fats and oils in Mongolia, as well as their implications for public health.

Purpose: This study aims to investigate the consumption patterns of edible fats
and oils among Mongolian adults and evaluate their quality characteristics and potential
health impacts through both laboratory analyses and consumer data. Key quality
parameters, including acidity, unsaturated fatty acid content, melting and freezing
points, iodine number, and thermal stability, were assessed. The study also aims to
investigate the potential long-term adverse health effects associated with oil
consumption and offer practical recommendations for selecting healthier dietary fats
and oils.

2 Materials and Methods

A total of 142 participants were surveyed regarding their oil consumption habits,
including animal-derived fats, dairy-based fats, and plant-based oils. The participants
included male and female adults aged 18 years or older. Female participants were not
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pregnant or lactating during the study. Individuals who had experienced severe diarrhea,
constipation, or gastrointestinal disorders within the past month were excluded.

As part of the questionnaire, participants were asked to indicate the frequency and
quantity of their daily use of specific oils in cooking. For plant-based oils, the
questionnaire included sunflower oil, olive oil, rapeseed oil, avocado oil, nut oil, seed
oil, and other plant oils. For animal-derived fats, participants were asked about their
consumption of butter, homemade clotted cream (urum), ghee (clarified butter),
traditional butter mix (tsagaan tos), sour cream, newly separated cream, tallow, fish and
seafood oil, and general animal fat. These oils were selected based on their common
consumption in Mongolia and global dietary patterns.

In addition to direct fat and oil usage, the questionnaire also captured information
on the intake of foods likely to contain hidden fats, such as fast food, fried items, cakes,
pastries, chips, and fried potatoes. The total estimated fat intake was calculated using
the Food Composition Table (FCT), which incorporates both direct oil usage and fats
derived from processed and prepared foods.

Based on global consumption data from the Food and Agriculture Organization
(FAO) and the United States Department of Agriculture (USDA), the four most widely
used edible oils, rapeseed, olive, palm, and sunflower oil, along with two traditional
Mongolian animal fats, clarified butter and greaves, were selected for laboratory
analysis. The oils were obtained from supermarkets and local markets [15].

This study was approved by the Research Ethics Review Committee of the
Mongolian National University of Medical Sciences (Approval Number: NO.2022/3-
03). Before data collection, written informed consent was obtained from all participants
in accordance with ethical standards. The study involved no human experimentation,
and only partial non-invasive medical examination data were referenced.

Melting and Freezing Point Determination: The melting and freezing points of
oils were determined using a food-grade thermometer. For melting point assessment,
approximately 8—10 mm of oil was placed in a pre-cleaned test tube using a dropper
and kept in an ice bath for 30-60 minutes. A thermometer was inserted so that its
mercury level rested slightly above the oil surface (~1 mm), and the test tube was then
immersed in a heated water or glycerin bath. The temperature was increased slowly at
a rate of 1-2°C per minute. The temperature at which the oil turned completely
transparent was recorded as the melting point. The procedure was repeated 2—3 times,
and if the variation between trials was <0.5°C, the average was calculated. The same
method was used for determining the freezing point [16].

Iodine Number Determination: The iodine number, which indicates the degree
of unsaturation in fatty acids, was measured by the iodine absorption method. One gram
of oil was dissolved in 30 mL of ethyl alcohol in a 500 mL flask and gently heated in a
water bath until it was fully dissolved. Next, 25 ml of 0.2 N iodine solution was added
dropwise. The flask was sealed and left to stand for 5 minutes. The unreacted iodine
was titrated with a 0.1 N sodium thiosulfate solution until the color turned pale yellow.
The iodine value was calculated by comparing the titration volume with a blank sample
[17].

Sensory and Hygienic Assessment of Oils: Before chemical analysis,
organoleptic tests were conducted to evaluate the color, odor, taste, and consistency of
the oils. A 5 cm diameter sample of oil was placed in a transparent glass vessel and
assessed under daylight for color. For animal-derived fats and clarified butter, freshly
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cut samples were examined. For odor evaluation, oil samples were heated in a water
bath at 50°C. Oils that met hygienic criteria were expected to have a neutral odor and a
pale-yellow color [18], [19].

Statistical Analysis: All statistical analyses were performed using R version 4.3.0.
Boxplots were generated to compare oil consumption by gender and age groups.
Differences between groups were assessed using the Kruskal-Wallis test and the
Wilcoxon rank-sum test. A p-value of less than 0.05 was considered statistically
significant. Summary statistics (mean, median, standard deviation, interquartile range)
were calculated for each oil type. Additionally, the percentage of plant- and animal-
based oil consumption was analyzed with demographic factors (age, gender,
occupation) to assess patterns and associations.

3 Results

A total of 142 participants were included in the study, with 57 males and 85 females.
The age range of participants was from 18 to 84 years, with a mean Body Mass Index
(BMI) of 25. All participants reported regularly using sunflower oil and animal-derived
fats in their diets. The comparison of oil types revealed that participants consumed
significantly more animal-derived fats (Mean: 60.7 + 50.9 g/day) compared to plant-
based oils (Mean: 16.8 + 17.6 g/day). The difference was statistically significant, as
determined by the Wilcoxon signed-rank test (V = 9192, p <0.0001), highlighting the
predominant role of animal fats in the Mongolian diet (Figure 1B).
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Fig. 1. A - Comparison of total oil consumption by occupational category.
B - Comparison of daily oil consumption by oil type.

A - Boxplot showing the distribution of total daily oil intake (in grams) among three
occupational groups: employed, retired, and student participants. The median intake
was highest among employed individuals, followed by the retired and student groups.
The Kruskal-Wallis test revealed a statistically significant difference between groups
(x* = 18.36, p < 0.001), indicating that occupational status may be associated with
variations in dietary fat consumption. B - Boxplot showing significantly higher daily
intake of animal-based oils compared to plant-based oils among participants (Wilcoxon
signed-rank test, p < 0.0001).
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This pie chart illustrates the average daily consumption ratio of animal oils (animal-
derived fats) (78%) versus vegetable oils (22%) among the study participants. Animal-
derived fats accounted for the majority of total fat intake (Figure 2).

W Animal oils

m Vegetable oils

Fig. 2. Proportion of Animal-derived fats vs. Plant-based Oil Consumption

When stratified by age group, participants aged 40 and older (Mid eld) reported a
significantly higher total oil intake (Mean: 98.0 + 49.9 g/day) compared to younger
adults aged 18-39 (Young) (Mean: 82.3 + 52.3 g/day) (p = 0.0088, Kruskal-Wallis test).
This suggests a potential age-related difference in dietary fat intake among Mongolian

adults (Figure 3).
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Fig. 3. Total oil intake: Gender- and Age-Based Differences in Total Oil Intake
Among Mongolian Adults
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The bar plot shows the proportion of total oil intake from animal and plant sources,
stratified by gender (male vs. female), age group (Young: 18-39, Mid_eld: 40+), and
occupational category (Employed, Retired, Student). Overall, animal fats dominate
across all groups, with relatively higher consumption of vegetable oil among younger
males and students (Figure 4).
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Fig. 4. Relative consumption of animal-derived fats and plant-based oils across
different demographic categories.

Gender-based differences were statistically significant for sunflower oil (p = 0.0023),
nut oil (p =0.030), olive oil (p = 0.079), and other plant oils (p = 0.361). Among these,
sunflower oil accounted for the highest proportion of total oil consumption (63.8%),
followed by olive oil (21.8%), nut oil (0.5%), and other plant oils (0.8%). These results
indicate that males and females consumed these oils in significantly different amounts.
Age-based differences were significant for sunflower oil (p = 0.0156), rapeseed oil (p
= 0.445), and nut oil (p = 0.041). Sunflower oil (63.8%) again represented the largest
share of intake, while rapeseed oil and nut oil made up 2.1% and 0.5%, respectively.
This suggests that individuals in the Mid-elder group tend to consume more of these
oils compared to younger participants. No significant difference was observed for
avocado oil (7.8%) and seed oil (3.0%) in terms of either gender or age, indicating
consistent usage across demographics (Table 3).
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Table 3. Average Consumption and Demographic Differences in Plant-Based Oil
Intake Among Participants

Oil Type % (Rounded) Gender Age Group

p-value p-value
Sunflower oil 63.8% 0.003 0.014
Olive oil 21.8% 0.079 0.032
Rapeseed oil 2.1% 0.412 0.445
Avocado oil 7.8% 0.221 0.098
Nut oil 0.5% 0.03 0.041
Seed oil 3.0% 0.289 0.274
Other plant oil 0.8% 0.361 0.331
Total 100.0%

Homemade clotted cream (urum) was the most consumed animal-derived fat,
accounting for approximately 62.9% of total animal fat intake. Its consumption did not
significantly differ by gender or age group. Ghee (clarified butter) ranked third at 5.4%,
and showed a statistically significant difference by gender (p = 0.006), indicating higher
consumption among females. Butter accounted for 8.2%, with no significant
demographic differences. Tallow and traditional butter mix (tsagaan tos) each
contributed around 4.8% and 1.6%, respectively (Table 4).

Table 4. Average Consumption and Demographic Variations in Animal-Derived Fat
Intake Among Participants

Oil Type (Ro:ﬁ ded) Gender p-value Age\gﬁ:p p-
Butter 8.2 0.062 0.386
i;)lrlnnfjmade clotted cream 62.85 0.913 0.195
Ghee (clarified butter) 5.37 0.006 0.063
/thzgg;fl‘zls}’““er mix 1.63 0.954 0.298
Sour cream 4.11 0.108 0.303
Newly separated cream 7.95 0.489 0.871
Tallow (uuhun tos) 4.78 0.064 0.082
Fish oil, seafood oil 0.34 0.327 0.298
Animal fat 4.76 0.204 0.256
Total 100

The spread rate of oils after repeated frying varied. Clarified butter (ghee) and
sunflower oil showed a faster spread rate after 1 to 20 frying cycles, whereas rapeseed
oil, olive oil, and tallow (uuhun tos) exhibited slower spread rates. Coconut oil had the
slowest spread rate overall.
Additionally, clarified butter, sunflower oil, and coconut oil spread unevenly, while
sunflower, rapeseed, and olive oils showed more even spreading patterns.
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Sunflower oil reached its burning point during the 11th frying cycle, and olive oil
reached its burning point during the first cycle. In contrast, clarified butter, rapeseed
oil, and refined coconut oil did not get their burning points even after 20 cycles,
remaining thermally stable throughout (Figure 5).
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Fig. 5. Spread Rate of Cooking Oils After Frying

The saturated oils were found to have higher fatty acid content compared to unsaturated
fats. To assess boiling temperature, pH, color, density, spreadability, total polar
materials (TPM), and acidity, potatoes and bisquite (boortsog) were fried repeatedly in
each oil type, and results were recorded after 20 frying cycles (Figure 6).
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Fig. 6. Spread Rate of Cooking Oils After Frying and Their Thermal Stability

Sunflower oil exhibited a frying temperature approximately 1.5 times higher than that
of other oils. After 20 frying cycles, clarified butter, olive oil, and rapeseed oil retained

the highest boiling temperatures. In contrast, the boiling points of grease and coconut
oil declined significantly.
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Oxidation was least evident in olive and rapeseed oils from cycles 1 to 10. TPM values
were highest in the 20th frying cycle for coconut oil, sunflower oil, and clarified butter.
Among them, coconut oil showed the highest oxidation rate, with TPM levels 2.5 times
greater than those in other oils by the end of the 20th frying cycle (7).

Fig. 7. Determination of oil diffusion rate

4 Discussion

Animal-derived fats, particularly clarified butter and greaves fat, accounted for a
significant portion of total fat intake among the study participants. The statistical
analysis revealed that age was an essential factor influencing the consumption of
animal-derived fats (p = 0.014), with older adults (aged 40 years or older) consuming
substantially more animal fat than younger individuals. This trend likely reflects both
traditional culinary practices and perceived health benefits associated with such fats in
older generations.

Gender differences were also statistically significant, particularly in the
consumption of ghee and clarified butter. Males consistently reported higher intake
levels of animal-derived fats compared to females (p = 0.003), which may be attributed
to differences in energy expenditure, occupation (e.g., herding), and cultural dietary
norms. For instance, in rural settings, men are more likely to engage in physically
demanding labor and thus may preferentially consume high-energy foods, including
animal fats.

Interestingly, an inverse relationship was observed between the intake of animal-
derived fats and plant-based oils, indicating that individuals with higher consumption
of animal fats tend to consume significantly less vegetable oil. This was statistically
confirmed (p < 0.01), suggesting a substitution effect in fat sources based on personal
or cultural preference, availability, and affordability.
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These findings raise important public health concerns. Despite their cultural
significance, frequent and high intake of saturated animal fats such as suet, butter, and
greaves is associated with elevated risks of cardiovascular disease, obesity, and
metabolic syndrome. The current data support the notion that targeted nutritional
interventions are necessary, particularly among older adults and rural populations, to
encourage the adoption of healthier fat choices, such as unsaturated oils from plant
sources [20]

Furthermore, it is essential to acknowledge the ongoing dietary transition in
Mongolia, where traditional high-fat animal-derived diets are increasingly intersecting
with urbanization and westernization trends. Public health campaigns should be tailored
to respect cultural values while promoting evidence-based guidelines for fat intake,
including reducing saturated fat consumption to <10% of total energy intake, as
recommended by the WHO [4], [21].

5 Conclusion

The study revealed that Mongolian adults consume a significantly higher amount of
animal-derived fats compared to plant-based oils, with clarified butter and greaves
being the dominant sources. Statistical analysis confirmed that fat consumption patterns
vary by age, gender, and occupation, with older individuals showing a greater
preference for animal fats. Laboratory testing also revealed significant differences in
the quality indicators of various oils, underscoring the importance of informed dietary
choices. These findings align with the study’s goal of assessing oil consumption
patterns and quality to inform health-conscious recommendations.

Recommendations for Improving Fat Consumption Among
Mongolians

1. Limit Excessive Intake of Animal-Derived Fats
v' Frequent consumption of clarified butter, tail fat, suet, and other
animal fats is associated with increased risks of cardiovascular
disease, obesity, and type 2 diabetes.
v' It is advisable to restrict the intake of animal fats to no more than 1—
2 tablespoons per day.
2. Increase the Use of Plant-Based Oils
v" Qils such as sunflower oil, extra virgin olive oil, rapeseed (canola)
oil, and nut-based oils (e.g., almond, sesame) are rich in unsaturated
fatty acids that help lower cholesterol and support vascular health.
v Olive oil, in particular, contains antioxidants that benefit digestion
and immune function.
3. Prioritize Oil Quality Parameters
v" Key indicators such as iodine number (unsaturated fat content),
melting/freezing points, and acidity index reflect the quality and
safety of oils.
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v Repeated heating and overuse of oils may lead to oxidation and the

formation of harmful compounds. Avoid reusing cooking oil.
4. Use Healthier Cooking Methods

v" Avoid frequent frying and roasting, which can produce trans fats at
high temperatures.

v Instead, opt for healthier cooking methods such as steaming, boiling,
stewing, or baking to reduce oil consumption while preserving
nutrients.

5. Read and Understand Product Labels

v Check food labels for fat content, including the type of oil, amount
of saturated vs. unsaturated fat, and presence of trans fats.

v Select products with healthier fat profiles, and avoid processed foods
high in saturated or hydrogenated fats.
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