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A B S T R A C T   

Camellia oleifera oil is a pure and natural high-grade oil prevalent in South China. Camellia oleifera oil is known 
for its richness in unsaturated fatty acids and high nutritional value. There is increasing evidence indicating that 
a diet rich in unsaturated fatty acids is beneficial to health. Despite the widespread production of Camellia oleifera 
oil and its bioactive components, reports on its nutritional components are scarce, especially regarding sys
tematic reviews of extraction methods and biological functions. This review systematically summarized the latest 
research on the bioactive components and biological functions of Camellia oleifera oil reported over the past 
decade. In addition to unsaturated fatty acids, Camellia oleifera oil contains six main functional components 
contributing to its antioxidant, antibacterial, anti-inflammatory, antidiabetic, anticancer, neuroprotective, and 
cardiovascular protective properties. These functional components are vitamin E, saponins, polyphenols, sterols, 
squalene, and flavonoids. This paper reviewed the biological activity of Camellia oleifera oil and its extraction 
methods, laying a foundation for further development of its bioactive components.   

1. Introduction 

Camellia oleifera, a natural high-grade oil plant, is cultivated in the 
subtropical region of southern China and is one of the world’s four major 
oil tree species. It belongs to the Theaceae and is also known as camellia, 
wild camellia, and white flower camellia (Fig. 1) (Xiao et al., 2020). 
Camellia oleifera oil, extracted from the seeds of the Camellia oleifera 
plant, is an edible vegetable oil renowned for its high medicinal and 
nutritional value (Wang et al., 2017b). Camellia fruit shells, a 
by-product of the Camellia oleifera industry, are a promising source of 
polysaccharides. (Zhou et al., 2021). Virgin Camellia oleifera oil is a 
natural product obtained directly by mechanical or physical methods 
without further refining. 

Camellia oleifera oil contains several health-promoting compounds 
(Li et al., 2022). After the extraction process, a cake of Camellia oleifera 
seeds is left behind, containing a large number of proteins, poly
saccharides, saponins, and other substances. (Tang et al., 2017). Enzy
matic hydrolysis of the cake could result in functional peptides, which 
can potentially be used to develop functional foods. (Feng et al., 2021). 

Camellia oleifera oil has been gaining increasing attention recently 

due to its high commercial, medicinal, cosmetic, and ornamental value. 
Its valuable gene pool also presents opportunities for developing new 
Camellia oleifera varieties. (Yang et al., 2022). China’s Camellia oleifera 
oil processing industry primarily focuses on producing edible oil, a 
healthy alternative recommended by the Food and Agriculture Organi
zation of the United Nations (Guo et al., 2023). As scientists develop a 
deeper functional understanding of the active ingredients in Camellia 
oleifera oil, such as sterols, fatty alcohols, tocopherols, triterpene alco
hols, and squalene, there is potential for the development of high-value 
cosmetics and pharmaceutical products (Xiao et al., 2020). Research 
into extracting specific physiologically active substances like poly
phenols, saponins, squalene possessing antioxidants and 
anti-inflammatory effects, and flavonoids with excellent anti-cancer 
effects from Camellia oleifera oil is ongoing (Zhou et al., 2019). 
Although studies have focused on one or more active components of 
Camellia oleifera oil, little attention has been given to the biological 
functions of the numerous functional components found in Camellia 
oleifera seeds. 

This review aims to systematically summarize the active ingredients, 
physiological functions, and extraction methods of camellia oil, 
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providing valuable insights into the development of high-value, nutri
tious Camellia oleifera oil or functional components extracted from the 
seeds for the production of high-value functional foods or adjuvant 
drugs. Exploring better performance and applications of camellia oil’s 
active components presents a practical and significant study area for 
future research. 

2. Distribution and characteristics 

Camellia oleifera is predominantly found in Southeast Asia, extending 
from the Himalayas to Japan and southern China to Indonesia (Guo 
et al., 2018). The largest Camellia oleifera planting area is in China, 
where it is cultivated across 14 provinces around the Yangtze River 
Basin and the Jiangnan region, with significant concentrations in 
Hunan, Jiangxi, and Guangxi (Yang et al., 2016). While small numbers 
populations of these plants exist in Southeast Asi a, and Japan, as well as 
in the Philippines, India, Brazil, and South Korea, Hainan Camellia 
oleifera oil iscan only be extracted through simple physical processing 
due to its unique geographical environment(Wang et al., 2021). The 
kernel rate and oil content of Camellia oleifera oil vary among different 
varieties, production areas, and climates. In Guangxi provinces, such as 
Hechi, Baise, and Wuzhou, the kernel rate ranges from 53.29% to 
68.91%, while the oil content varies from 47.05% to 59.51%. These 
factors also influence the fatty acid types and contents in Camellia 
oleifera seeds due to these factors (Chen et al., 2011). 

Furthermore, an analysis of the fatty acid composition of four 
Camellia oleifera varieties from two producing areas in Zhejiang Province 
indicated revealed differences in the content of saturated fatty acids 
(SFAs), unsaturated fatty acids, monounsaturated fatty acids, and 
polyunsaturated fatty acids, rangingwhich ranged from 9.90% to 
13.40%, 86.55%–90.10%, 73.50%–84.50% and 4.20%–13.05%, 
respectively. The study found that Zhejiang Hongshan Camellia oleifera 
oil had lower contents of palmitic acid and linoleic acid contents. In 
contrast, where as Jinhua Camellia oleifera oil extract had the highest 
level of oleic acid and with the lowest content of palmitic acid and 
linoleic acid. Although the main fatty acid contents are similar, the total 
fatty acid compositions differed notably among the four varieties (Cao 
et al., 2017). 

In another study conducted in Guizhou Province, situated within a 
warm and humid subtropical monsoon climate area, Camellia oleifera 
demonstrated early fruiting, high yield, and strong disease resistance, 
with oil content ranging from 35.03% to 53.47%. The findings also 
showed that varieties were suitable for cultivation in Southwest China 
because of their higher oil content than the local Camellia oleifera vari
eties (Li et al., 2022; Liu et al., 2021). In Taiwan, the study of fatty acid 
components in 12 native Camellia oleifera species collected from 
different regions revealed significant differences in crude fat and indi
vidual fatty acid contents, potentially due to differences in. These dif
ferences were possibly due to geographical location. The content of a 
variety of Camellia oleifera oil, Ganzhouyou-1 in Ganzhou, Jiangxi was 
significantly higher than that of other varieties, while the palmitic acid 

content of a variety of Camellia oleifera oil, Yuekexia-2, was significantly 
higher (Su et al., 2014). Additionally, theThe fatty acid composition in 
Camellia oleiferacamellia oleifera seed oil samples also depends on the 
planting area. For example, Camellia oleifera from low latitudes 
(Northern Hemisphere) or warm regions in Heyuan, Guangdong showed 
lower oleic acid (18:1,78.9%) and higher linoleic acid content (18:2, 
9.7%)(Zeng & Endo 2019). Therefore, the varieties of Camellia oleifera 
differ, and differences in their cultivationdistribution areas and climate 
can cause variations in the composition and yield of Camellia oleifera 
oil. Geographical location is an important factor that significantly affects 
the yield of Camellia oleifera oil (as shown in Table 1). 

3. Methods of extracting active substances from camellia oil 

3.1. Supercritical fluid extraction 

Supercritical fluid extraction (SFE) is widely recognized as an 
effective and environmentally friendly technique for extracting oil from 
seeds. In particular, using supercritical carbon dioxide (SC–CO2) in SFE 
offers a safe, fast, selective, and low-temperature approach for seed oil 
extraction. (Ahangari et al., 2021). This method employs supercritical 
fluids to separate oil from oil seeds at lower temperatures, resulting in 
enhanced oil yield and better preservation of heat-sensitive bioactive 
compounds in the oil (Liang et al., 2016). Compared to traditional 
methods of refining Camellia oleifera oil refining, which often typically 
involves complex deacidification and deodorization processes, this 
novelnew approach utilizes a combination of supercritical fluid extrac
tion and molecular distillation (SFE-MD) was used to improve the 
quality of camellia oil. A series of important process parameters were 
investigated to obtain high-quality camellia oil. Compared with the 
camellia oil produced by supercritical fluid extraction (SFE), the acid 
value of camellia oil obtained by supercritical fluid extraction and mo
lecular distillation was significantly decreased to 0.63 ± 0.01 from 2.93 
± 0.01 to 0.63 ± 0.01 mg KOH/g oil, without any change inof their fatty 
acid compositions. Furthermore, unsaponifiable matters inof camellia 
oil, such as γ-tocopherol, β-sitosterol, and squalene, could be effectively 
preserved withand there were no residual harmful substances. (Zhou 
et al., 2019).The effectiveness of the supercritical CO2 extraction 
method in obtaining high-quality oil that meets national standards has 
been well established (Sahari and Amooi, 2013). Researchers have also 
explored supercritical extraction technology combined with microwave 
pretreatment to extract high-quality vegetable oil efficiently. More sci
entific and practical conditions have been identified through response 
surface optimization of the ultrasonic-microwave synergistic extraction 
process. This optimized process facilitates the extraction of high-quality 
Camellia oleifera oil and helps preserve the vitamin E in the oil (Huang 
et al., 2014). 

Recent studies have compared the oil yield of different extraction 
methods for Camellia oleifera seeds, demonstrating that the SFE method 
achieved the highest oil yield (92.42%), followed closely by the solvent 
extraction (SE) method with a yield of (92.3%). On the other hand, 
water extraction (AE) and press extraction (PE) yielded lower oil per
centages of 85.74% and 84.79%, respectively. The differences in oil 
yield between SFE 、SE、AE and PE statistically significant (p < 0.05), 
indicating the superior performance of SFE and SE methods (as shown in 
Table 2) (Liang et al. 2016). 

3.2. Solvent extraction 

The solvent extraction process, commonly using solvents such as 
hexane or n-hexane, is known for its simplicity and cost-effectiveness 
(Mwaurah et al., 2020). However, it is important to note that these 
solvents can havebe toxic and harmful effects. Solvent extraction is 
typically used for seeds with low oil content or for recoveringthe re
covery of remaining oil from camellia seed cake. Unfortunately, the 
process of recovering oil with solvents can be complex and can lead to 

Fig. 1. Camellia oleifera plant and fruits.  

P. Qin et al.                                                                                                                                                                                                                                      



Current Research in Food Science 8 (2024) 100753

3

environmental pollution. The storage and treatment costs associated 
with this method are high, and there is a significant loss of organic 
matter, which can adversely affecthave adverse effects on human health. 
(Liang et al. 2016). It is, therefore, necessary to consider these draw
backs when evaluating the solvent extraction process. 

In their study, Xie et al. extracted components from Camellia oleifera 
shells using different solvents, including methanol, ethanol, and ethyl 
acetate, leading to the extraction of 12 compounds. Specifically, meth
anol was more effective in extracting c-sitosterol from the camellia shell 
(Xie et al., 2015). On the other hand, ethanol demonstrated a higher 
efficiency in extracting 5-hydroxymethylfurfural from the Camellia 
oleifera shell. Lastly, ethyl acetate efficiently extracted cis-isopropionic 
acid from the Camellia oleifera shell. These findings highlighted the 
solvent-dependent extraction of specific compounds in the Camellia 
oleifera shell. 

A novel vortex-assisted liquid-liquid extraction was employed to 
analyze trace elements, revealing higher concentrations of iron (Fe) and 
manganese (Mn) in camellia oil than in other vegetable oils. Given that 
the iron content directly influences the storage stability of camellia oil, 
further investigation is required to determine its source. (Ni et al., 
2016). This finding highlights the importance of understanding the 
factors that contribute to the iron content in camellia oil and its impli
cations for storage and shelf life. 

Commercially processed Camellia oleifera oil undergoes a series of 
steps, including seed cleaning, drying, pressing or solvent extraction, 
and solvent removal. 

However, the traditional extraction methods process may retain 
harmful substances such as organic solvents, benzopyrene, aflatoxins, 
and heavy metals. This traditional process often yields.This results in 
low extraction efficiency and poor quality of Camellia oleifera oil 
quality, raisingleading to safety and environmental concerns. (Zhou 
et al., 2019). Furthermore, these retained substances may even pose 
harm to the human body(Liang et al. 2016). 

Studies have also explored combining solvents for extracting oil from 
Camellia oleifera seeds. One such approach involves combining n-hexane 
and benzene and further treating them with methanol or ethanol to 

extract the non-lipid components. (Sahari and Amooi, 2013). 
However, in recent years, there has been a growing interest in 

employing more environmentally friendly methods, including green 
solvents like water, ethanol, and CO2, for the extraction process. These 
alternative solvents are considered more eco-friendly than traditional 
solvents like n-hexane and benzene. 

3.3. Ultrasound-assisted extraction 

Ultrasonic-assisted extraction offers several advantages. It reduces 
solvent consumption by facilitating efficient solvent penetration into the 
cells, thus requiring less overall volume. Additionally, it saves time by 
accelerating the extraction process through the disruptive action of ul
trasound on cell structure. Ultrasonic-assisted extraction also yields 
more oil than traditional extraction techniques (Sahari and Amooi, 
2013). 

The extraction rate of Camellia oleifera saponin gradually increased 
with the prolongation of ultrasonic time. Considering factors such as 
energy consumption and extraction period, an ultrasonic duration of 30 
min can achieve a stable and high extraction rate without incurring 
unnecessary energy costs or prolonging the overall extraction process 
(Du et al. 2015). 

In one study, Camellia oleifera oil was extracted using a 90% meth
anol concentration, a 30 ◦C extraction temperature, a 1:7 solid-liquid 
ratio, and 30 min of extraction time. The study reported a 96.21% 
extraction rate of saponin, with a purity of 59.3% (as shown in Table 3) 
(Zong et al., 2019). Another study by Mohamed, Ibrahim, Abdel-Azim, 
and El-Missiry compared three different extraction methods: cold 
pressing, solvent extraction, and ultrasonic-assisted extraction 
(Mohamed et al., 2021). Analysis of the seed oil using gas 
chromatography-mass spectrometry revealed that the 
ultrasonic-assisted extraction method resulted in a higher oleic acid 
content than the other methods. 

However, limited studies have been conducted in recent years on the 
ultrasonic extraction of Camellia oleifera oil and its practical 
components. 

3.4. Microwave assisted extraction 

Microwave-assisted extraction (MAE) is a novel extraction technique 
that combines microwave technology with traditional solvent extrac
tion. This method has shown promising results in enhancing the quality 
of various extracts, including camellia oil. The application of microwave 
pretreatment within mcrowave-assisted extraction has been found to 
effectively increased the concentration of characteristic chemical 

Table 1 
Oil content and fatty acid composition of Camellia oleifera in different regions.  

Region Hainan Guangxi Zhejiang Guizhou Jiangxi 

Oil content 45.70–50.91 47.05–59.51 NM 35.07–53.47 11.60–29.60 
Tetradecanoic C14:0 (%) ND 0.09–0.32 ND ND ND 
Palmitic acid C16:0(%) 8.46–11.39 13.05 7.75–11.30 6.77–9.04 9.00–11.50 
Palmitoleic acid C16:1 (%) ND 0.17–0.33 0.10 0.006–0.640 0.10 
Stearic acid C18:0 (%) 2.32–3.09 1.85–3.71 1.80–3.65 1.36–2.56 1.20–1.60 
Heptadecenoic C17:1 (%) ND 0.07–0.11 ND ND ND 
Oleicacid C18:1 (%) 75.99–83.43 70.13–79.75 78.55–83.90 77.97–83.77 76.30–80.30 
Linoleic acid C18:2 (%) 4.45–8.86 5.76–8.98 4.10–12.40 5.50–10.90 8.90–12.20 
Linolenic acid C18:3 (%) ND ND 0.10–0.65 0.27–0.51 0.30 
Eicosonoic C20:0 (%) ND 0.05–1.40 ND ND ND 
Cis-11-Eicosenoic acid C20:1(%) ND ND 0.5–0.8 0.488–0.612 0.3–0.5 
SFA(%) 11.46–14.43 13.61–17.95 9.90–13.40 8.88–11.03 10.50–12.90 
MUFA(%) ND 72.91–80.11 73.50–84.50 78.62–84.87 76.80–80.10 
PUFA(%) ND 5.85–9.14 4.20–13.05 5.80–11.21 9.20–12.50 
USFA(%) 85.63–88.53 82.05–85.96 86.55–90.10 ND ND 
Reference Yang et al.(2022) Chen et al. (2011) Cao et al. (2017) (Long et al., 2022) Zeng and Endo (2019) 

ND: Not detected; NM: Not mentioned; SFA: Saturated fatty acid; MUFA：Monounsaturated fatty acid; PUFA：Polyunsaturated fatty acid; USFA：Unsaturated fatty 
acid. 

Table 2 
Oil yield of Camellia oleifera seeds by different extraction methods.  

Extraction method Oil yield (%) Reference 

Supercritical fluid extraction 92.42 Liang et al. (2016) 
Solvent extraction 92.30 
Water extraction 85.74 
Press extraction 84.79  
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components and improved the oxidative stability of camellia oil (Ye 
et al., 2021). Malheiro et al. conducted a study confirming white and 
green tea water extracts, known for their high antioxidant content, could 
enhance oil stability when used in microwave cooking (Malheiro et al., 
2012). The application of microwave-assisted extraction reduced the 
extraction time from 6 h to 4 min. This approach also resulted in a 50% 
reduction in the use of organic solvents while offering a 14% increase in 
extraction rate (He et al., 2014). Furthermore, increasing the microwave 
power and irradiation time led to a higher oil yield (Yingngam et al., 
2021). 

Microwave pretreatment increased the oil yield by 10%, phytosterol 
content by 15%, and tocopherol by 55% (as shown in Table 4) (Koubaa 
et al., 2016). The traditional extraction process consumes a large 
amount of solvent and has a long extraction time, which potentially 
causes the loss of active ingredients. Some scholars optimized the 
extraction process using the response surface method and improved the 
efficiency of polyphenol extraction from Camellia oleifera shell using a 
microwave-assisted extraction method. The optimal conditions were a 
liquid-solid ratio of 15.33: 1 (mL/g), microwave extraction time of 35 
min, and 76◦Cmicrowave extraction temperature (as shown in Table 4) 
(Zhang et al., 2011). 

3.5. Enzymatic extraction 

The aqueous enzymatic extraction method is a new green extraction 
technology that uses enzymes to extract oil (Mwaurah et al., 2020). It is 
considered to replace traditional solvent extraction methods due to its 
high yield and high quality of bioactive compounds(Jiamphun and 
Chaiyana, 2022). Unlike other extraction methods, the aqueous enzy
matic method mainly uses water as a solvent to separate oil by using 
enzyme activity to catalyze reactions with substrates (Mwaurah et al., 
2020). 

Compared with solvent extraction, water extraction has several ad
vantages, including enhanced safety, environmental friendliness, and 
cost-effectiveness. Water extraction typically has lower energy con
sumption, operational costs, and capital investments. However, one 
drawback of this method is the extended processing time, which leads to 
higher drying costs for enzyme treatment and potentially lower oil 
production rates (Yusoff et al., 2015). 

The selection of enzymes in the extraction process is crucial and 
depends on the composition and structure of camellia oil components. 
Furthermore, addingthe addition of alcium chloride during the extrac
tion process helps address the issues associated with n-hexane extrac
tion, enhancing efficiency and environmental friendlinessmaking it 

more efficient and environmentally friendly (Meng et al., 2018b). 
A study comparing the effects of five different enzymes on oil yield 

found that protease and cellulase yielded the highest oil, reaching 
63.87% and 61.25%, respectively. Combining enzymes further 
increased the oil yield to 77.09% (Wu et al., 2015). 

A study investigating the use of composite enzymes to enhance 
Camellia oleifera oil yield by 92.45% determined the optimal extraction 
process through single-factor and response surface tests. This process 
involved adding 0.13% composite enzyme, using a material-water ratio 
of 1:3.9, and allowing the enzyme to act for 4 h(as shown in Table 5) 
(Zhou et al., 2016). 

Moreover, the degree of crushing Camellia oleifera seed kernels 
significantly impacted oil extraction using aqueous enzymatic extrac
tion. Moderate crushing reduced the average particle size of the Camellia 
oleifera seed kernels, leading to an improved oil extraction rate of 
96.66%. However, excessive particle size reduction caused increased 
dispersion of oil and proteins during the oil extraction process. This 
process enhanced the extraction workload and made oil extraction from 
the emulsion complex. (Xie et al. 2016). 

Despite its advantages, aqueous enzymatic extraction has certain 
drawbacks. It fails to produce the characteristic aroma of oil and leaves 
behind residual oil or chemicals like hexane, necessitating additional 
steps or substances for removal, increasing overall cost and complexity. 
(Zhang et al., 2019). 

However, there are advantages to aqueous enzymatic extraction. 
Aqueous extraction allows for the simultaneous recovery of proteins, 
polysaccharides, and oil from sources such as Camellia oleifera seeds. 
Enzyme treatment facilitates the hydrolysis of the seed cell walls, 
releasing several antioxidant compounds. As a result, the enzymatically 
extracted oil contains higher levels of bioactive components. Compar
ative studies have shown significantly higher vitamin E and squalene in 
enzyme-extracted oil than in hexane-extracted oil (Fang et al., 2016). 

A study compared the effects of different extraction methods on the 
quality of camellia oil. The aqueous enzymatic method yielded camellia 
oil with the lowest acid value, indicating better oil quality. However, 
this method resulted in oil with the lowest antioxidant activity (Li et al., 
2015). 

Furthermore, the enzyme extraction method yielded camellia oil 
with lower phenolic compounds than other methods. Additionally, the 
phospholipid content of the Camellia oleifera oil obtained through the 
aqueous enzymatic method was below 5 μg/g, an ideal low value for 
phosphorus content in oil (Fang et al., 2015). 

Despite these advantages, the enzyme extraction method has certain 
limitations. Enzymes are often expensive, making their use economically 
challenging. Separating the enzyme from the Camellia oleifera oil after 
extraction poses difficulties. Recovering enzymes for reuse is also 
problematic. These factors have contributed to the limited adoption of 
the enzyme extraction method in the Camellia oleifera oil industry (Peng 
et al., 2019). 

Table 3 
Ultrasonic extraction process of saponins.  

Extraction method Extractive 
substance 

Process condition Extraction rate 
(%) 

Reference 

Ultrasonic 
extraction 

Saponin Methanol concentration 90 %; temparture30 ◦C; solid-liquid ratio 1:7; 
time:30 min. 

96.21 (Du et al., 2015; Zong et al., 
2019)  

Table 4 
Microwave extraction of different active ingredients.  

Extraction 
method 

Extractive 
substance 

Process condition Extraction 
rate (%) 

Reference 

Microwave- 
assisted 
extraction 

Sterol – Increase 
by15% 

Koubaa 
et al. 
(2016) 

Microwave- 
assisted 
extraction 

Tocopherol – Increase 
by55% 

Koubaa 
et al. 
(2016) 

Microwave- 
assisted 
extraction 

Polyphenol Liquid-solid ratio 
15.33:1 ml/g,time 
35min, 
temperature 76 ◦C 

– Zhang 
et al. 
(2011)  

Table 5 
Process conditions of compound enzyme extraction of Camellia oleifera oil.  

Extraction 
method 

Extractive 
substance 

Process condition Extraction 
rate (%) 

Reference 

Enzymes 
extraction 

Camellia 
oleifera oil 

Addition amount: 
0.13 %, ratio of 
material to water 1: 
3.9, time:4 h 

92.45 Zhou et al. 
(2016)  
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3.6. Subcritical fluid extraction 

Subcritical water extraction is widely used for extracting flavor and 
fragrance compounds, essential oils, fatty acids, carotenoids, and 
phenolic compounds. It is gaining recognition for its advantages over 
traditional extraction methods. This method offers several benefits, 
including faster extraction rates, reduced solvent usage, prevention of 
thermal degradation of heat-sensitive compounds, elimination of 
organic solvents, and minimizing environmental impact (Chemat et al., 
2019). 

Ultrasonic-assisted subcritical fluid extraction, a novel process, has 
been developed to provide an efficient and solvent-free approach to 
extracting essential oils(Zhao et al., 2019). Wu et al. investigated mi
crowave pretreatment and analyzed experimental results using the 
subcritical water treatment method. Subcritical water pretreatment can 
improve the value addition to Camellia oleifera seed kernel deep pro
cessing products and the comprehensive utilization rate of Camellia 
oleifera seed. 

Subcritical water extraction has been recognized as an effective and 
environmentally friendly method for the simultaneous extraction and 
separation of Camellia oleifera oil and saponin (Wu et al., 2018). Recent 
studies have explored a new subcritical fluid extraction method with 
lower temperature and higher pressure than supercritical extraction. 
Through three experimental validations, continuous extraction using 
n-butane achieved an impressive average extraction rate of 99.12 ±
0.20% for camellia oil (Wu et al., 2018). Furthermore, high-performance 
liquid chromatography (HPLC) analysis revealed that Camellia oleifera 
oil produced by continuous subcritical n-butane fluid extraction did not 
contain benzo[a]pyrene, an environmental hazard. This extraction 
technique yielded a high-quality product and demonstrated its envi
ronmental friendliness(Miao et al., 2013). 

3.7. Other extractions 

The extraction methods discussed above each possess their own 
distinct set of advantages and disadvantages. Scholars have developed a 
few additional environmentally friendly techniques with high extraction 
efficiency. However, these methods have yet to see widespread 
adoption. 

Scholars have recently focused on studying the potential of endo
phytic fungi capable of producing large quantities of polyphenols 
through biological fermentation. This approach screens endophytic 
fungi from tea plants that produce polyphenol oxidase and optimizes 
enzyme production conditions (as shown in Table 6)(Zhang, Wu, & 
Yang, 2015). Furthermore, a new environmentally friendly extraction 
technique called solvent-free extraction has been introduced, offering 
advantages in terms of time efficiency and convenience by eliminating 
the need for subsequent wastewater treatment. For example, solvent- 
free microwave extraction utilizes fresh plant materials without 
requiring the addition of any solvents (Chemat et al., 2019). 

Another notable endeavor involved developingthe development of a 
novel process for efficiently extracting high-quality camellia oil. This 
method usedutilized an aqueous phase treatment.Through this approach 
achieved, a remarkable extraction rate of 94.79% for camellia oil 
without generating was achieved, and importantly, this method does not 
generate wastewater during the extraction process(as shown in Table 6) 

(Lv and Wu, 2019). 
AB-8 macroporous adsorption resin and Sephadex G-15 were utilized 

to obtain saponin with a purity of 82.5% (as shown in Table 6)(Zhao 
et al., 2020). Innovative technologies, such as the combination of mi
crowave and centrifugal force, have been used to extract volatile and 
non-volatile compounds in a more environmentally friendly manner 
(Angoy et al., 2020). 

Certain studies have explored silver ion complexation to separate 
squalene from Camellia oleifera oil. The optimal process conditions 
included a methanol concentration of 70% (v/v), an AgNO3 concen
tration of 0.6 mol/L, a reaction time of 12 h, and a temperature of 0 ◦C 
(as shown in Table 6)(Xiao et al., 2016). 

Moreover, aA novel extraction method called pressurized hot water 
extraction has beenwas employed to extract and identify five flavonoid 
glycosides from defatted Camellia oleiferaoil seeds (by-products) of 
Camellia oleifera. Compareding the results with to ultrasonic-assisted 
extraction (UE), pressurized hot water extraction demonstrated a 
higher recovery rate (78.5% vs. 68.4%) and total yields of flavonoid 
glycosides (18.8% vs. 15.91 mg/g), demonstrating its. Moreover, this 
method exhibits high extraction efficiency without causing harm to the 
environmental harm. (as shown in Table 6)(Liau et al., 2017). 

4. Fatty acid composition 

Camellia oleifera oil is a highly nutritious edible oil containing 
abundant unsaturated fatty acids comprising more than 85% of its 
composition. In particular, the content of oleic acid ranges from 74% to 
89%, significantly higher than that of rapeseed, peanut, and soybean oils 
(Zhang et al., 2022). The human body readily absorbs oleic acid, which 
is vital to metabolism. It can effectively reduce cholesterol levels in the 
intestine, regulate blood lipids, delay atherosclerosis, and prevent car
diovascular diseases such as hypertension and hyperlipidemia(Meng 
et al., 2018a). Camellia oleifera oil mainly contains three fatty acids: oleic 
acid, stearic acid, and palmitic acid. Its fatty acid and triglyceride 
composition differ significantly from other oils. The content and type of 
fatty acids determine the characteristics and nutritional value of vege
table oils(Yang et al., 2016). The content and type of fatty acids deter
mine the characteristics and nutritional value of vegetable oils. Studies 
have shown that oleic acid not only inhibits melanin production by 
inhibiting tyrosinase and tyrosinase-related protein-2 activity but also 
demonstrates antioxidant activities(Chaikul et al., 2017). 

Previous research on vegetable oils mainly focused on their fatty acid 
composition. (Shen et al., 2023). Researchers have compared the fatty 
acid composition of camellia oil with olive oil, concluding that camellia 
oil can be comparable with olive oil in terms of chemical composition 
and nutritional value(Yang et al., 2016). As a result, Camellia oleifera oil 
is frequently referred toalso known as "oriental olive oil." The oil content 
and fatty acid composition are essential factors for evaluating the quality 
and yield of edible oils. Gas chromatography and high-performance 
liquid chromatography are commonly employedused methods for 
determiningto determine the fatty acid composition of edible oils(Yuan 
et al., 2013). Unsaturated fatty acids, such as linolenic acid and linoleic 
acid, are essential for human health since they cannot be synthesized in 
the human body and must be exogenously from diet or dietary supple
ments (Chew, 2020). Zhang et al. analyzed the oil content and fatty acid 
composition of Camellia oleifera seeds originating from Yunnan and 

Table 6 
Other extraction methods.  

Extraction method Extractive substance Process condition Extraction rate Reference 

Bio-fermentation Polyphenol – – Zhang et al. (2016) 
New water phase process Camellia oleifera oil H2O:1.2g; NaCl：0.1g; NaHCO3:0.008 g 94.79% Lv and Wu (2019) 
Adsorption composite method Saponin Compound:AB-8 macroporous resin; dextran gel-15 Purity: 82.5% Zhao et al.(2020) 
Silver ion complexation Squalene Methanol:70%,AgNO3:0.6 mol/L; time:12h; temperature:0 ◦C – Xiao et al.(2016) 
Pressurized hot water extraction Flavonoid Pressurized hot water 15.91 mg/g Liau et al. (2017)  
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Henan Provinces(Zhang et al., 2015). Their findings revealed that 
Camellia oleifera oil from these regions contained several fatty acids, 
such as palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, 
and arachidonic acid (cis-11-eicosenoic acid) (as shown in Table 7). 

5. Bioactive components 

5.1. Vitamin E 

Vitamin E is a fat-soluble vitamin found in many plants and abundant 
in plant seeds(Nowicka and Kruk, 2017). It is highly concentrated in the 
seed coat and embryo of plant seeds(Shen et al., 2023). The main 
component of vitamin E found in most vegetable oils is tocopherol. Lv, 
Sun, and Geng conducted a study to determine the vitamin E content in 
Camellia oleifera oil seeds using colorimetry and gas chromatography, 
reporting a concentration of 23.93 mg/100 g. 

Experiments(Shi, T., Wu, Jin and Wang, 2020) have demonstrated 
that among all tocopherols, the α-tocopherol content of Camellia oleifera 
oil exhibits the highest biological efficacy (Fig. 2). Camellia oleifera also 
constituted several other bioactive functional components, including 
polar phenols (mainly phenolic acids, 20.56–39.47 mg/kg) and to
copherols (153–771 mg/kg α-tocopherols, 9.4–59 mg/kg γ-tocopherols, 
and 0.27–28 mg/kg δ-tocopherols(as shown in Table 8). 

In recent years, research on tocopherol has shifted from investigating 
its antioxidant effect to its anti-inflammatory and non-antioxidant 
properties(Ahsan et al., 2015). A substantial number of experimental 
studies have consistently demonstrated the diverse biological effects of 
tocopherol, which include its antioxidant properties, anti-inflammatory 
potential, anti-tumor activity, and ability to prevent cardiovascular 
diseases. Due to their robust antioxidant capacity, tocopherol monomers 
are important in various industries in China’s oil science (Che et al., 
2017). 

5.2. Saponins 

In addition to tea, Camellia oleifera seeds are considered a valuable 
natural source of saponin (Guo et al., 2018). Camellia oleifera cake, a 
by-product of Camellia oleifera oil production, is often used to clean fish 
ponds or incorporated intobecome fertilizers ((Yu et al., 2022); Yu et al., 
2022). Most Camellia oleifera seed cakes are beingcurrently discarded, 
wastingresulting in a waste of valuable resources and causing environ
mental damage. However, it is important to note that Camellia oleifera 
seeds cake consists of various, a byproduct of Camellia oleifera seeds, 
contains an abundance of saponin, also known as saponin. Camellia 
oleifera seeds cake consists of various types of saponins, specifically 
oleanane triterpenoid saponins. These compounds are known for their 
emulsifying properties, especially the saponin, an excellent foaming 
stabilizer. Despite its beneficial properties, extracting saponin from 
Camellia oleifera cake remains challenging (Zhang et al., 2019). In the 

study by Lv, Sun, and Geng, the saponin content in Camellia oleifera 
seeds was determined using colorimetry and gas chromatography, 
reporting a calculated concentration of 3.70 mg/100 g (as shown in 
Table 9). 

Triterpenes possess beneficial properties such as anti-high choles
terol and anti-hyperlipidemia activities(Luan et al., 2020). Similarly, 
triterpenoid saponins have demonstrated antibacterial and antifungal 
capabilities. At a concentration of 0.1 mg/mL, purified total saponins 
significantly inhibited mycelial growth, suggesting their potential for 
developing safe and environmentally friendly fungicides (Zhang et al., 
2014). Additionally, these saponins have been utilized as natural sur
factants, preservatives, and antifungal agents (Cheok et al., 2014). 
Moreover, saponin has been found to inhibit cell proliferation and 
exhibit heavy metal chelation properties. Besides its 
immune-modulating effects, saponin plays a role in regulating lipid 
metabolism in humans and animals, highlighting its various biological 
activities. (Jiang et al., 2022). 

In current research on Camellia oleifera oil, there is a scarcity of re
ports regarding the qualitative and quantitative analysis of triterpenoids 
in Camellia oleifera seed cake. Nonetheless, some studies have high
lighted the neuroprotective effects of saponin extracted from Camellia 
oleifera on nerves. Additionally, both saponins and their hydrolysates 
have demonstrated significant anti-inflammatory and analgesic prop
erties. (Ye et al., 2014).Furthermore, research suggests that saponins can 
play a role in regulating the gastrointestinal system(Song et al., 2018). A 
study by Fu et al. revealed the potential of saponins in combating cancer 
cells (Fu et al., 2018). However, limited research exists on the 
anti-tumor mechanism of saponin derivatives. Triterpenoid saponins 
have also shown promise as a potential treatment for diabetes(Luan 
et al., 2020). 

5.3. Polyphenol 

Polyphenols are compounds with numerous phenolic hydroxyl 
structures(as shown in Fig. 3).The Camellia oleifera shell is a valuable 
source of polyphenols, making its green extraction method highly sig
nificant in ensuring efficient processing and a high yield(Javed et al., 
2022). 

Wang et al. developed a biorefinery process for extracting bioactive 
compounds and bio-oil from Camellia oleifera shells(Wang et al., 2019). 
However, most research studies have primarily focused on extracting 
phenolic compounds from Camellia oleifera seeds or seed meals, 

Table 7 
Fatty acid composition of Camellia oleifera oil.  

Fatty acid Content 
(%) 

Reference 

Linoleic acid(C18:2) 8.96  
Linolenic acid(C18:3) 0.28 Yang, C., Liu, X., Chen, Z., Lin, Y., & Wang 

(2016) 
Stearic acid (C18:0) 1.87  
Palmitic acid(C16:0) 8.12  
Palmitoleic acid 

(C16:1) 
0.12  

Oleic acid(C18:1) 77.81 Zhang et al. (2022) 
Arachidonic acid 

(C20:0) 
0.32  

SFA 10.93  
MUFA 78.09  
PUFA 10.79   

Fig. 2. Chemical structure diagram of α-tocopherol.  

Table 8 
Contents of Vitamin E in Camellia oleifera oil.  

Bioactive Components Content (mg/kg) Reference 

α- tocopherol 153–771 Shi, T., Wu, Jin and Wang (2020) 
γ-tocopherol 9.4–59 
δ-tocopherol 0.27–28  

Table 9 
Contents of saponins in Camellia oleifera.  

Bioactive Components Content(mg/100g) Reference 

Saponins 3.70 Lv et al. (2014)  
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disregarding the potential utilization of phenolic compounds in the 
shell. The disposal of Camellia oleifera shells as waste during oil 
extraction has adverse environmental consequences, contributing to 
pollution. This practice results in the wastage of valuable polyphenols in 
the Camellia oleifera shell. Thus, exploring effective methods to utilize 
the resources available in Camellia oleifera shells is crucial. Using 
colorimetry and gas chromatography, Lv, Sun, and Geng determined 
that the tea polyphenol content in Camellia oleifera oil is 1.26 mg/100 g 
(as shown in Table 10). 

The nutritional value and health benefits of tea are closely linked to 
its high polyphenol content, primarily catechins. Similarly, the antiox
idant properties of camellia oil arise from its abundance of phenolic 
compounds. Total phenolics can serve as good quality indicators in tea 
cultivation (Wang et al., 2014). Polyphenols act as natural antioxidants, 
with catechin compounds being the main constituents, comprising 
approximately 65–80% (as shown in Table 10). Catechin monomers 
have demonstrated anti-inflammatory, antioxidant, and immunomodu
latory effects. Studies have indicated that polyphenols may reduce the 
risk of periodontal and inflammatory bowel disease (Xiao et al., 2017). 

Camellia oleifera oil comprises various phenolic compounds with a 
broadthat possess a wide spectrum of biological activities. They function 
as scavengers of free radicals within the human body, inhibit lip
oxygenase and lipid peroxidation in skin mitochondria, and possess anti- 
aging properties. (Mumtaz et al., 2021). In a swimming experiment 
conducted on mice, the combination of polyphenol-rich Camellia oleifera 
oil and bis(2-cbrboxyethylgermanium(IV) sesquioxide) (Ge-132) 
significantly increased the exercise endurance of the mice. Furthermore, 
the Camellia oleifera oil complex enhanced liver glycogen content and 
exhibited anti-fatigue effects (Hu et al., 2015). Chang et al. (2020) 
investigated the phytochemical components of Camellia oleifera oil and 
confirmed that polyphenol extracts possessed anti-inflammatory effects. 
However, due to the diverse nature of polyphenols, further research is 
necessary to isolate and identify the specific active anti-inflammatory 
compounds present in Camellia oleifera oil. 

Apart from their antioxidant properties, polyphenols also exhibit 
various physiological functions, including alleviating allergies, 

detoxifying the body, and nourishing the skin. These beneficial effects 
make Camellia oleifera oil extract promising as a traditional Chinese 
medicine beverage (Rahayu and Timotius, 2022). 

However, some studies have indicated that active substances such as 
polyphenols and antioxidants tend to disappear during the refining 
process. Furthermore, the stability of the oil decreases after deacidifi
cation, decolorization, and deodorization (Qi et al., 2015). These 
drawbacks pose a significant challenge in understanding the active 
components of camellia oil. 

The phenolic compounds present in Camellia oleifera oil exhibit sig
nificant antioxidant properties. Moreover, research has demonstrated 
that the human body can effectively enhance its antioxidant system by 
consuming natural antioxidants. Thus, finding natural antioxidant 
active substances through a simple pretreatment process has become a 
focal point of research (Feng et al., 2023). 

5.4. Sterol 

As one of the primary constituents in vegetable oil, sterols typically 
makes up around 97.0–98.0% of the total oil components in Camellia 
oleifera oil(Wang et al., 2017). Sterols are the most important unsapo
nifiable compounds in edible oils. The most common sterols in vegetable 
oils are β-sitosterol, camphor sterol, and stigmasterol(as shown in 
Table 11) (Yang et al., 2016). These natural compounds are crucial in 
reducing cholesterol levels within the body. Moreover, sterols exhibit 
remarkable antioxidant properties and play crucial roles in essential 
physiological functions such as growth promotion, immune regulation, 
and hormone regulation. Phytosterols (plant sterols) have been labeled 
as the "key to life" by scientists due to their potential as drugs for cancer 
prevention and treatment (Xie et al., 2015). 

Currently, limited research is available on qualitatively analyzing 
sterols in Camellia oleifera oil. Phytosterols obtained through diet serve 
as the sole source for individuals, and their intake has been linked to a 
protective effect against tumor growth and metastasis by inhibiting 
cholesterol absorption (Blanco-Vaca et al., 2019). The interaction be
tween phytosterol derivatives and bile salts plays a crucial role in these 
molecular mechanisms, which may lead to the development of choles
terol absorption inhibitors (Hu et al., 2023). These inhibitors can reduce 
harmful cholesterol levels in the bloodstream and lower the risk of 
developing atherosclerosis (Santanatoglia et al., 2023). Consequently, 
long-term human studies have explored phytosterols as a dietary alter
native for managing cholesterol levels effectively(Cedó et al., 2019). 

A few qualitative and quantitative studies on sterols in Camellia 
oleifera oil have been conducted in recent years. Therefore, the effective 
extraction of sterols in Camellia oleifera oil and the application of its 
physiological activity need to be further studied. 

5.5. Squalene 

Squalene is a triterpenoid aliphatic hydrocarbon naturally found in 
various animals and plants. It derives its name from its abundant pres
ence in shark liver oil (Fig. 4) (Cayuela and García, 2018). It consists of a 
chain structure of triterpenoids comprising six isoprene units 
(Sánchez-Fidalgo, Villegas, Rosillo, Aparicio-Soto and de la Lastra, 

Fig. 3. Chemical structure diagram of polyphenol.  

Table 10 
Contents of polyphenol in Camellia oleifera.  

Bioactive Components Content （mg/100g） Reference 

Polyphenol 1.26 Lv et al. (2014) 
Catechins 0.82–1.01 Xiao et al. (2017)  

Table 11 
Contents of Sterol in Camellia oleifera oil.  

Bioactive 
Components 

Content (mg/100 
mg) 

Reference 

Ergosterol 5.1–20.6 Yang, Liu, Chen, Lin, & Wang 
(2016) Lupeol 7.3–18.6 

β-Amyrin 42.2–59.5 
Lanosterol 50.4–270.8 
Tirucallol 7.3–30.6 
7-Stigmastenol 24.5–178.2 
Cycolartenol 13.5–23.6  
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2015). A study detected seven sterols and squalene in three different 
Camellia oleifera oils (Yang et al., 2016). The content of squalene 
extracted from Camellia oleifera oil varied between 0.29% and 2.98%, 
depending on the extraction method used(as shown in Table 12)(X. Liu 
et al., 2014; Z. X. Liu et al., 2014). 

As mentioned in previous studies, squalene hasexhibits efficient 
antioxidant properties. In a study conducted on mice, squalene playedit 
was found that squalene plays a significant protective role againstin 
acute alcoholic liver injury. The protective effect mechanism may 
behind this protective effect might involve the inhibition of ethanol- 
induced lipid peroxidation in liver cell membranes induced by 
ethanol, thereby preventing the formation of malondialdehyde and 
subsequent liver function damage (Miao et al., 2015). Squalene is 
commonly used as a vaccine adjuvant, formulated into an emulsion, and 
enhances the immune response in approved vaccines (Fisher et al., 
2023). Studies have shown various biological effects of squalene on the 
immune system, including systemic impacts on T lymphocyte and den
dritic cells, improved immune barrier function, anti-inflammatory ef
fects, and potential autoimmune side effects. In a study, squalene was 
added to Camellia oleifera oil as a complex and administered to rats with 
hyperlipidemia-induced reproductive injury for 30 days. The results 
showed that squalene supplementation reduced blood lipids, increased 
testosterone levels, and enhanced sperm count in the cauda epididymis. 
It also improved penis and testicular damage and promoted erectile 
function and sexual function recovery. The combined effect of squalene 
and Camellia oleifera oil was better than that of the Camellia oleifera oil 
alone (Lou-Bonafonte et al., 2018). While current research on squalene 
has proposed potential molecular mechanisms, the exact mode of action 
remains to be fully elucidated. 

5.6. Flavonoids 

Flavonoids have an aromatic structure(Fig. 5), which is crucial in 
protecting biological systems (Liau et al., 2017). These secondary me
tabolites are commonly found in plants and seeds, offering several 
health benefits. Previous study conducted a comprehensive review of 
research on the impact of dietary flavonoids on gut microbes and their 
metabolites (Chu et al., 2023). Their findings suggest that flavonoids 
have the potential to enhance cognitive function by modulating the 
gut-brain axis. Dietary factors play pivotal roles in governing essential 
biological processes and exert significant influence on the regulation of 
pathological progression at every stage of life. Han et al. (2023) have 
reviewed how dietary flavonoids serve as natural epigenetic modulators, 
contributing to the discovery of biomarkers for diabetes prevention and 
the development of alternative therapies. Camellia oleifera oil contains 
significant amounts of kaempferol glycosides, particularly camellia 
glycosides (Liu et al., 2014). The total flavonoid content in 40 different 
varieties of Camellia oleifera oil was determined by an ultraviolet 

spectrophotometer, with the concentration ranging from 2.84% to 
8.68% (as shown in Table 13) (Yu et al., 2022).These compounds possess 
antioxidant and anti-inflammatory properties, leading to protective ef
fects against various diseases like cancer, cardiovascular issues, and 
inflammation (Chen et al., 2009). Natural flavonoids also exhibit gastric 
protection, anti-Helicobacter pylori activity, and antidiabetic and anti
oxidant effects (Semwal et al., 2021). 

Studies have shown that total flavonoids in camellia seed oil can 
beare extracted usingby 80 % ethanol, leading to the rapid identification 
ofand four compounds are quickly identified. Kaempferol glycosides are 
the main flavonoids in camellia seed, but further research is needed to 
purify each compound and study their effects on inflammatory signaling 
pathways in vitro and in vivo(Liu et al., 2014). 

6. Biological function of Camellia oleifera oil 

6.1. Antioxidant activity 

Camellia oleifera oil is rich in antioxidants, which can provide several 
benefits for gastrointestinal health (Fig. 6). Studies have demonstrated 
that Camellia oleifera oil can effectively protect the gastrointestinal 
mucosa by reducing lipid peroxidation, apoptosis-related proteins, pro- 
inflammatory cytokines, and nitric oxide (NO) production. Additionally, 
it increases the activity of antioxidant enzymes. These findings indicated 
that Camellia oil has the potential to treat gastric injury. (Tu et al., 
2017). 

Camellia oleifera oil contains significant amounts of carotenoids, 
polyphenols, and vitamin E, all of which act as natural antioxidants 
(Sahari and Amooi, 2013). Its main components constituents include 
unsaturated fatty acids, polyphenols, and squalene. These compounds 
possess the ability to eliminate oxygen free radicals, inhibit lipid per
oxides, and enhance the activity of antioxidant enzymes like such as 
superoxide dismutase and catalase. Consequently, they play a crucial 
roleperform a vital function in maintaining the balance between 
oxidation and antioxidation, thereby protecting the body against dis
eases caused byfrom oxidative damage (Li et al., 2020). Camellia oleifera 
oil has a strong peroxidation inhibition capacity compared to other 
edible oils (Fig. 6). The extraction of saponins, proteins, and poly
saccharides from defatted Camellia oleifera seeds has also been studied. 
These experiments revealed that the antioxidant activity of proteins and 
polysaccharides in Camellia oleifera oil surpasses that of saponins (Li 

Fig. 4. Chemical structure diagram of Squalen  

Table 12 
Contents of Squalene in Camellia oleifera oil.  

Bioactive 
Components 

Content (mg/ 
100g) 

Reference 

Squalene 22.3–63.2 Yang, Liu, Chen, Lin, & Wang(2016)  

Fig. 5. Chemical structure diagram of flavonoid.  

Table 13 
Contents of Flavonoids in Camellia oleifera oil.  

Bioactive Components Content (%) Reference 

Flavonoid 2.84–8.68 Yang, Liu, Chen, Lin, & Wang (2016)  
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et al. 2014). 

6.2. Anticancer activity 

In recent years, numerous studies have demonstrated the inhibitory 
effects of triterpenoid saponins in Camellia oleifera on various cancer 
cells (Zong et al., 2015; Zong et al., 2016). As a result, Camellia oleifera 
has been proven to possess anti-cancer activity(Fig. 6) (Zong et al., 2016; 
Zhou et al., 2014; Zhang et al., 2014). Wu et al. extracted and identified 
over 30 saponins from Camellia oleifera seed cake. It was determined that 
compounds 1 and 4, namely C1 and C4, were novel saponin derivatives 
with anti-tumor properties. Tea saponins could be potentially viable 
candidates for the treatment of human ovarian cancer and breast cancer 
(Jia et al., 2017; Chen et al., 2013; Wu et al., 2022). 

An anticancer potential of a new glycoprotein, COG2a, derived from 
Camellia oleifera seeds, has been identified, having an average molecular 
weight of 25.9 kDa. This glycoprotein is a promising natural compound 
for anticancer therapy due to its potential to elicit fewer side effects (Li 
et al., 2019). Furthermore, triterpenoid saponins have been isolated 
from Camellia oleifera. Two particular saponins, saponin B1 and camellia 
saponin B2, exhibited significant inhibitory effects on the proliferation 
of human lung cancer cells at a concentration of 10 μM. Saponin B1 
achieved an inhibition rate of 94.44%, while camellia saponin B2 
demonstrated an inhibition rate of 79.12%. Both saponins possess 
cytotoxic activity(Di et al., 2017). 

The triterpenoid saponins in Camellia oleifera have been identified as 
a potential candidate for cancer treatment (Luan et al., 2020). However, 
further research is needed to understand their specific anticancer ac
tivity better. 

6.3. Anti-inflammatory and antibacterial activities 

Studies have shown that the bioactive components of Camellia 

oleifera oil and camellia seed cake extracts can enhance the activity of 
antioxidant enzymes, inhibit the activation of nuclear translocation of 
nuclear factor-kappa B (NF-κB), thereby inhibiting the production of 
inflammatory cytokines, and have anti-inflammatory activity (Fig. 6) 
(Xiao et al., 2017). 

Pretreatment with Camellia oleifera oil slightly enhanced antioxidant 
and antioxidant enzyme activities in rats, and significantly reduced in
flammatory damage and lipid peroxidation, thereby improving acetic 
acid-induced colitis. The results showed that edible Camellia oleifera oil 
had strong antioxidant and anti-inflammatory effects. Compared with 
soybean oil and olive oil, the intake of camellia oil enhanced the ratio of 
Firmicutes/Bacteroidetes, relative abundance of the Bifidobacterium, 
the α-diversity (Lee et al., 2018). Moreover, Camellia oleifera seeds can 
regulate the gut microbiota, leading to enhance richness and diversity of 
the gut microbiota and ultimately improving colitis. (Fig. 6). 

Camellia oleifera seeds have an excellent antimicrobial effect (Feng 
et al., 2016). The saponins in Camellia oleifera seeds had antibacterial 
activity and a good antibacterial effect on Escherichia coli and Staphy
lococcus aureus (Fig. 6).The minimum inhibitory concentrations were 1 
mg/mL and 0.5 mg/mL, respectively. The minimum bactericidal con
centration was 4 mg/mL (Zhao et al., 2020). The Camellia oleifera oil 
saponin hydrolysate (Ye et al., 2014) and the biflavonoids in the 
camellia seed shell (Zhang and Li, 2018) also have anti-inflammatory 
and analgesic activities. 

There are few human studies on the anti-inflammatory effects of 
Camellia oleifera oil showing that Camellia oleifera oil can improve liver 
function and antioxidant capacity, making it a potential adjuvant for 
liver fibrosis treatment (Fig. 6) (Lei et al., 2020). The formation and 
accumulation of advanced glycation end products (AGEs) are related to 
the progression of many aging-related diseases. Because the AGE re
ceptor is highly related to inflammation, Camellia oleifera seed cake 
extract has a strong inhibitory effect on the formation of AGEs, 
demonstrating its anti-inflammatory activity (Sato et al., 2017). 

Fig. 6. Activity diagram of Camellia oleifera oil.  
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A study demonstrated that Camellia oleifera oil exhibits promising 
effects in reducing dermatitis and alleviating scratching in mice with 
specific dermatitis induced by 2,4-dinitrochlorobenzene. The oil facili
tated the development of a healthy skin barrier and suppressed the 
production of inflammatory cytokines in the mice’s serum and skin 
tissues. These findings indicate that Camellia oleifera oil possesses anti
pruritic and anti-inflammatory properties, indicating its potential as a 
valuable natural alternative for dermatitis treatment (Fig. 6) Zhang 
et al., 2022(). Additionally, Camellia oleifera seed cake extract demon
strated a reduction in the expression level of pro-inflammatory cyto
kines, increased collagen synthesis, protected the skin from 
burn-induced inflammation in mouse burn experiments, and promoted 
wound healing in a dose-dependent manner. The extract also reduced 
the expression levels of various cytokines, including interleukin- 6, 
tumor necrosis factor α, interleukin-1β, monocyte chemotactic 
protein-1, transforming growth factor-β, interleukin-10 and 
inflammation-related factor inducible nitric oxide sythase, and played 
played an excellent effect (Liu et al., 2020). 

6.4. Antihypertensive and hypoglycemic activity 

Camellia oleifera oil offers diverse health benefits. Studies have 
indicated its ability to enhance the immune system and regulate blood 
cholesterol levels, thereby having an anti-dyslipidemic effect (Fig. 6) 
(Luan et al., 2020). In addition, there is growing interest in incorpo
rating edible oils into dietary interventions for reducing blood pressure. 
Studies have indicated that camellia oil can help lower blood pressure by 
regulating the balance between vasoconstrictors and factors that pro
mote vasodilation in the bloodstream (Guo et al., 2020). 

Furthermore, a cell line called saponin A2 derived from Camellia 
oleifera oil displayed anti-hyperlipidemic activity and could potentially 
treat hyperlipidemia. However, further research is needed to understand 
its mechanism of action in the human body (Luan et al., 2020). 

Another beneficial component of camellia oil is the polysaccharides 
derived from Camellia oleifera seed cake, which contain binding proteins 
and exhibit hypoglycemic activity (Fig. 6) (Gao et al., 2022). This sug
gests that Camellia oleifera seed cake polysaccharide could serve as a 
potential hypoglycemic agent. 

Overall, these findings highlight the potential health benefits of 
Camellia oleifera oil and its components, but more research is needed to 
understand their mechanisms of action and effects on human health 
better. 

6.5. Cardiac protective activity 

Several studies have demonstrated that consuming Camellia oleifera 
oil can reduce the risk factors associated with cardiovascular disease 
(Fig. 6) (Huang et al., 2023). 

Some studies (Ibrahim et al., 2020) involved recording and analyzing 
the dietary intake of Camellia oleifera oil in individuals with hypercho
lesterolemia. Camellia oleifera oil was more effective in preventing car
diovascular disease than soybean oil and other blended oils. The 
observed effects may be attributed to squalene, which is abundant in 
Camellia oleifera oil and possesses antioxidant properties that contribute 
to its cardioprotective effects. Squalene, an intermediate precursor of 
cholesterol, also aids in lowering cholesterol levels. 

6.6. Immunoregulatory activity 

In certain studies, polysaccharides have been extracted from Camellia 
oleifera shells, and polysaccharides have been obtained through hot 
water extraction, 80% ethanol precipitation, and 25% activated carbon 
adsorption. The findings from these studies indicated that Camellia 
oleifera oil polysaccharides have immunomodulatory properties in RA 
W264.7 macrophages by activating the mitogen-activated protein ki
nase and nuclear translocation of NF-κB signaling pathways (Xie et al., 

2022). Additionally, Camellia oleifera oil contains active substances such 
as squalene and sterols, which have immunomodulatory effects (Fig. 6) 
(Fisher et al., 2023). 

7. Conclusions 

It is well-known that camellia oil has over 85% unsaturated fatty 
acids which are benificial to human health. Thus, it is a outstanding 
nutritional edible oil that meets human needs. Substances with rich 
antioxidant activity in camellia oil, such as polyphenol saponins, squa
lene, and sterols, hold great promise in cosmetics research. Therefore, 
the use of camellia oil as a raw material to develop high-value cosmetic 
products could contribute to human health and become a significant 
competitive advantage in cosmetics industry, offering considerable 
possibilities and practical significance. 

There are traditional and cutting-edge extraction methods of 
camellia oil which have their own strengths and weaknesses. On our 
point of view, the ultrasonic assisted and microwave-assisted are low- 
cost and chemical residues free. Thus, the scale-up of ultrasonic assis
ted and microwave-assisted extration are proposed, in the same time, 
the couple of ultrasonic assisted and microwave-assisted has great po
tential in camellia oil production. Nevertheless, according to reserve 
high value bioactive components in maximum such as vitamine E, 
polyphenol, sterol, the supercritical fluid extraction, subcritical fluid 
extraction and enzymatic extraction are recommended. 

While previous studies have shown the promising potential of 
camellia oil in medical care, there is a significant research gap on the 
molecular mechanisms underlying its biological effects. In this review, 
we compiled the recent articles of underlying molecular mechanism of 
camellia oil which are related to the antioxidant, anti-inflammatory, 
anticancer effects and so on closely asscociated with our health care. 
To sum up, the NF-κB signaling pathway is involving in anti- 
inflammatory action and immunoregulatory activity, suggestting NF- 
κB is a crucial therapeutic target for the bioactive components in 
Camellia oleifera oil. This review laid a foundation for the application of 
bioactive components in Camellia oleifera oil both for comestic and 
medicinal use. 
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