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A B S T R A C T   

Synthetic antioxidants have long been used to protect edible oils from oxidation. However, 
concerns about their potential health risks and environmental impact have led to a growing in
terest in natural antioxidants. In this study, we explore the antioxidant properties of extracts from 
four Nekemias plant species: Nekemias grossedentata (AGR), Nekemias megalophylla (AME), Neke
mias chaffanjonii (ACH), and Nekemias cantoniensis (ACA) by obtaining the values for different 
tests. We investigate their bioactive compound content and evaluate their antioxidant capabilities 
on six edible oils categorized into three lipid systems based on their fatty acid compositions: oleic 
acid, linoleic acid, and linolenic acid. Our findings demonstrate that AGR and AME extracts, rich 
in bioactive compounds, exhibit strong antioxidant activities in vitro, effectively inhibiting lipid 
oxidation, especially in oleic acid-rich oils like camellia oil. The antioxidant effects of these ex
tracts are comparable to synthetic antioxidants such as TBHQ and superior to natural antioxidant 
Tea Polyphenols (TP). While the extracts also show antioxidant potential in linoleic and linolenic 
acid systems, the stability of their effects in these oils is lower than in oleic acid system. These 
results suggest that Nekemias species extracts have the potential to serve as natural additives for 
extending the shelf life of edible oils, contributing to the exploration of natural antioxidants.   

1. Introduction 

Edible oils are highly susceptible to oxidation, leading to rancidity and a decline in quality, which can have adverse effects on 
flavor, aroma, and nutritional value [1]. To combat oxidation and maintain the quality of edible oils, antioxidants are commonly added 
[2]. However, concerns about the safety of synthetic antioxidants such as BHA, BHT, PG, and TBHQ have prompted the search for 
natural alternatives [3–7]. Consequently, there is a growing interest in the development of natural antioxidants to replace synthetic 
ones in the food industry. 

In recent years, research on plant-derived natural antioxidants has gained traction [8,9]. Several natural antioxidants, including 
Tea Polyphenols (TP), Vitamin E (VE), and Nordihydroguaiaretic Acid (NDGA), have emerged as potential alternatives to synthetic 
preservatives and antioxidants in various food products [10]. Extracts from plants rich in phenols and flavonoids, such as Rosa canina, 
green tea, and vine tea, have been shown to effectively replace synthetic additives in mayonnaise, biscuits, and edible oil lipid fractions 
[11–16]. As part of this growing trend, we explore the antioxidant properties of extracts from Nekemias species, a group of plants 
known for their rich chemical components and potential health benefits [17–19]. 

Nekemias species, including Nekemias grossedentata, Nekemias megalophylla, Nekemias chaffanjonii, and Nekemias cantoniensis, are 
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distributed widely in various regions in China [20]. These plants are rich in flavonoids, particularly dihydromyricetin, which is a 
potent natural antioxidant [21]. While N. grossedentata, commonly known as vine tea, is primarily found in regions south of the 
Yangtze River, N. megalophylla, also known as large-leaved mountain grape or mildewed tea, is mainly distributed in northeastern 
Yunnan, Guizhou, Sichuan, Hubei, Shanxi, and southern Gansu [22,23]. N. chaffanjonii is distributed in several provinces, including 
Anhui, Jiangxi, Hubei, Hunan, Guangxi, Sichuan, Guizhou, and Zhejiang [24], while N. cantoniensis is mainly found in Jiangxi, Hunan, 
Guangdong, Guangxi, and Hainan [25]. Despite their rich chemical composition and potential health benefits, the antioxidant ac
tivities of most Nekemias species have not been extensively investigated, making them an intriguing subject of study as natural 
antioxidants. 

In this study, we comprehensively examine the bioactive components and antioxidant properties of extracts from four Nekemias 
plant species. We assess their ability to inhibit lipid oxidation in different edible oils, categorizing them into three systems based on 
their fatty acid compositions: oleic acid, linoleic acid, and linolenic acid. Our results demonstrate that these extracts, particularly those 
from N. grossedentata and N. megalophylla, exhibit significant antioxidant effects in vitro and effectively inhibit lipid oxidation, espe
cially in oleic acid-rich oils. The antioxidant effects of these extracts are comparable to synthetic antioxidants like TBHQ and superior 
to natural antioxidant TP. While the extracts also show antioxidant potential in linoleic and linolenic acid systems, the stability of their 
effects in these oils is lower than in oleic acid systems. 

This study highlights the promising potential of Nekemias species extracts as natural additives for extending the shelf life of edible 
oils. By replacing synthetic antioxidants with natural alternatives, we can mitigate potential health risks and contribute to the 
development of safer and more sustainable food products. Furthermore, this research adds to the growing body of knowledge on plant- 
derived natural antioxidants, paving the way for their broader application in the food and pharmaceutical industries. 

2. Materials and methods 

2.1. Preparation of edible oil 

Six edible oils (without any chemical antioxidant) with varying proportions of oleic acid were used in this study: camellia oil (CLO), 
olive oil (OLO), sunflower oil (SFO), sesame oil (SMO), perilla seed oil (PSO), and linseed oil (LSO). These oils were provided by the 
1509 Engineering Research Center for Development and Utilization of Substitute Tea Plants in Guizhou Universities, College of Life 
Science, Guizhou Normal University. The main fatty acid components of these oils were determined following a previous method [26]. 
Briefly, 0.1 g of each oil sample was accurately weighed and placed in a 100 mL garden bottom flask. 5 mL of extract was added for 
shaking and dissolving, followed by the addition of 5 mL of 0.5 mol/L KOH-methanol solution. The mixture was shaken for 1 min, and a 
small amount of anhydrous sodium sulfate was added. The flask was sealed and placed in an oven at 50 ◦C for approximately 1 h. The 
reactant was transferred to a separating funnel, and about 3 mL of water was added. The upper layer was separated, and the solvent 
was recovered under reduced pressure to obtain fatty acid methyl esters. Two hundred milliliters of ethyl acetate was added for 
dissolution, and 1 μL was taken for analysis using GC-MS (QP2010, Japan). 

2.2. Preparation of nekemias plant extracts 

The raw materials of Nekemias spieces were provided by 1509 Engineering Research Center for Development and Utilization of 
Substitute Tea Plants in Guizhou Universities, College of Life Science, Guizhou Normal University. The four samples, N. grossedentata 
(AGR), N. megalophylla (AME), N. chaffanjonii (ACH) and N. cantoniensis (ACA), were obtained by drying (101-2AB, Tianjin, China) and 
grinding (CXP-100, Shanghai, China) the raw materials. To extract the bioactive compounds from the plant materials, 10 g of dried 
powder from each plant was added to 500 mL of 70% ethanol and subjected to ultrasonic disruption (DK-1500D, Guangdong, China) 
for 30 min at room temperature. The resulting mixture was filtered through a Brinell funnel, and the filtration process was repeated 
three times. The filter liquor was collected and the ethanol was removed by evaporation in 79 ◦C using a rotary evaporator (EYE-LA 
N1001, Kunming, China). The resulting thickened liquid was mixed with 20 mL of acetone and evaporated again to obtain dry powder 
samples of the extracts. 

2.3. Components analysis 

According to recent reports, Nekemias plants are known to contain various bio-active compounds, including dihydromyricetin- 
based flavonoids, polyphenols, and polysaccharides [27,28]. To determine the components of the samples, 1 g of the dried powder 
from each sample was dissolved in 50 mL of 70% ethanol. The resulting solution was then subjected to specific chemical assays to 
determine total flavonoids, phenolics, four flavonoid active compounds. 

2.3.1. Total flavonoids content 
To determine the total flavonoids content (TFC) of the four Nekemias species extracts, a method with modifications was used [29]. A 

standard curve was prepared using rutin, and its concentration was measured by UV spectrophotometer (UV759CRT, shanghai, China) 
at 500 nm. In brief, 50 mg of rutin was dissolved in methyl alcohol to prepare a reference standard solution. Different volumes of the 
standard solution were taken and mixed with deionized water and 5% NaNO2. The mixture was allowed to stand for 6 min, and then Al 
(NO3)3 was added. The final volume was adjusted to 25 mL using deionized water, and the absorbance was measured at 500 nm. A 
linear regression equation was obtained by the least square method. To measure the total flavonoids content of the sample, 3 mL of the 
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sample solution was added to a measuring flask, and deionized water was added to 6 mL. The chromogenic reaction was then carried 
out as described above. The results were compared with the rutin reference standard solution to calculate the total flavonoids content 
of the sample in milligrams rutin equivalents (RE)/g extract. 

2.3.2. Total phenolics content 
The determination of total phenolics content (TPC) was described in previous methods [30,31]. The procedure involved preparing 

a standard solution of gallic acid by dissolving 0.11 g of gallic acid in a 100 mL volumetric flask with deionized water. The standard 
solution was then diluted to create a series of gradients. To determine the phenolics content of the Nekemias extract, 1 mL of the extract 
was mixed with 5 mL of 10% folinphenol reagent solution in a test tube. The mixture was then allowed to react for 3–8 min, after which 
4 mL of 7.5% sodium carbonate was added. The resulting mixture was diluted to a fixed volume with 70% ethanol before measuring 
the absorbance at 765 nm using a spectrophotometer. The concentration of phenolics in the extract was then determined by comparing 
the absorbance of the extract with the standard curve generated earlier. The total phenolics content of the extract was expressed as mg 
gallic acid equivalents (GAE) per g matter of Nekemias extracts. 

2.3.3. Contents of four active compounds 
The contents of four active compounds in the sample solution were analyzed by high performance liquid chromatography [32,33]. 

The chromatographic separation and identification of component were performed using an Agilent 1200 high performance liquid 
chromatography system, including G1311A pump, G1315 DAD detector, and Agilent chromatography workstation. All tests were 
carried out at room temperature. A 5 μL sample was injected, the mobile phase was constituted by 100% acetonitrile (solvent A), 0.1% 
(v/v) phosphoric acid (solvent B) and100% methanol (solvent C). The solutions were filtered through a 0.45 μm membrane filter 
before use. The flow rate was 1.0 mL/min, dihydromyricetin (DMY) was detected at 292 nm, myricetrin and rutin were detected at 254 
nm, and myricetin was monitored at 375 nm. The quantification of each compound uses an external standard method. Calibration 
linear curve for each compound was constructed through the regression peak area (Y) and concentration (C). The results were 
expressed as a percentage content of each compound. 

2.4. Antioxidation evaluation of nekemias species extracts in vitro 

2.4.1. Ferric reducing antioxidant power (FRAP) 
The ferric ion reducing antioxidant power (FRAP) was measured according to the method as described previously [34]. To do this, 

0.2 mL of a diluted sample solution was mixed with 3 mL of FRAP solution and heated in a 37◦Cwater bath for 10 min. After heating, 
the absorbance was measured at 593 nm. In this experiment, FeSO4 solution was used as a control to measure the antioxidant activity 
of the sample. The antioxidant activity of the sample was expressed as mg FeSO4 equivalents per gram of the sample. 

2.4.2. Scavenging rate determination of DPPH & ABTS 
The DPPH free radical-scavenging activity was performed according to a reported method [35]. 1 mL of the sample solution is 

diluted and mixed with 3 mL of DPPH radical solution. The mixture is then allowed to react for 30 min in the dark. The absorbance of 
the control (A1) is measured at 517 nm, and the absorbance of the blank (A0) is obtained using 1 mL of absolute ethanol instead of the 
sample solution. The absorbance of the sample (A2) is also measured after mixing 1 mL of the sample solution with 3 mL of absolute 
ethanol. Using these values, the DPPH clearance is calculated using the formula: 

DPPH bleaching= [A0 − (A1 − A2)] / A0 × 100 % (1) 

The DPPH scavenging activity and IC50 value can be calculated using the regression equation derived from the DPPH clearance 
values. Each sample is analyzed in triplicate to ensure the accuracy of the results. 

The scavenging activity on ABTS was decribed in the determination for TEAC assay [36]. In brief, the ABTS solution and K2S2O8 
solution are mixed together to prepare the working solution. The sample extracts are then added to this solution, and the reaction 
mixture is heated in a water bath at 37 ◦C for 10 min. The absorbance of the reaction mixture is measured at 734 nm immediately after 
heating. This value is denoted as Ai. To determine the background absorbance, two control samples are prepared. In the first control 
sample, the sample extract is replaced with phosphate buffer saline (PBS). This control sample measures the absorbance of ABTS cation 
solution without any sample extract. The absorbance of this sample is denoted as Ac. In the second control sample, the sample extract is 
added to PBS instead of the ABTS cation solution. This control sample measures the absorbance of the sample extract without the ABTS 
cation solution. The absorbance of this sample is denoted as Aj. The scavenging rate of the sample extract is calculated using the 
following formula: 

ABTS scavenging rate=
[
1 −

(
Ai − Aj

) /
Ac
]
× 100% (2) 

The IC50 value, which is the concentration of the sample extract required to scavenge 50% of the ABTS radical cation, is also 
calculated using this method. 

2.5. Thermal oxidation and POV assays of bulk oil 

Oven-enhanced storage method was used to simulate the accelerated oxidation process of lipid in edible oil. First, 20 g of edible oil 
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was added to a triangular flask and 0.05% of the sample extracts from four Nekemias species were added to the oil and mixed thor
oughly. Positive controls were used, including oil + TBHQ (0.05%) and oil + TP (0.05%), while six edible oils without antioxidants 
were used as blank controls. The supplier of antioxidants TBHQ and TP is Beijing Xinda Food Additives Co., Ltd. The oil samples were 
then placed in an oven at (60 ± 1)◦C for enhanced storage. The samples were stirred once every 24 h, and the peroxide value (POV) was 
measured every three days. Each experiment and assay were carried out in triplicate. 

Peroxide value (POV) is an important index and widely used to evaluate the degree of lipid oxidation [37,38]. It is worth 
mentioning that the modified titration method in this experiment is referred to previous report [39]. Briefly, 1 mL of oil was accurately 
measured and added in 250 mL iodine vial, 20 mL of glacial acetic acid and chloroform mixture with volume ratio of 3 to 2 were added 
to completely dissolve the oil, then 0.5 mL of saturated potassium iodide solution was added before shaking for 0.5 min and performing 
by dark treatment for 3 min. After removal, 50 mL of deionized water was added, 1% starch was used as an indicator, and 0.002 mol/L 
sodium thiosulfate standard solution was used for titration. At the same time, positive control and blank control were made. The results 
were expressed as the amount of peroxide oxygen per 1 kg of fat or oil: 

POV (mM / kg oil)= c×(Voil− Vblank)× 0.1269 × 100 /m (3) 

where c is the concentration of sodium thiosulfate standard solution, Voil is volume of the sample, Vblank is the volume of the 
control, and m is the oil sample weight. 

Fig. 1. Mass spectrum of compounds of camellia oil (A), olive oil (B), sunflower oil (C), sesame oil (D), perillaseed oil (E) and linseed oil (F). Note: 
The numbers 1 to 3 represent oleic acid, linoleic acid, and linolenic acid. 

Y. Zeng et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e28783

5

2.6. Reagents and statistical analysis 

All reagents used in this study were analytical grade, among which HPLC grade acetonitrile and methanol were purchased from 
Merck, Germany, and other analytical reagents were purchased from Tianjin Kemeiou Chemical Reagent Co., Ltd. All data of sample 
extracts were presented as mean ± SD in triplicate. The results and multiple group comparison undertaken by one-way analysis of 
variance (ANOVA), post-hoc Duncan’s test and Pearson correlation analysis (P < 0.05*, P < 0.01**) using IBM SPSS version 26. 

3. Results 

3.1. Contents analysis of edible oil’s components 

According to the determination of six edible oils in Fig. 1(A-F), CLO and OLO were rich in oleic acid, with the contents of 74.63% 
and 69.96%, SFO and SMO contained 56.01% and 52.84% linoleic acid respectively, PSO and LSO mainly contained linolenic acid, 
with the content of 47.43% and 39.58% severally (Fig. 1 and Table 1). Thus, these edible oils could also be divided into three oil 
systems, which was oleic acid, linoleic acid and linolenic acid (Table 1). 

3.2. Major components analysis of sample extracts 

In recent years, studies have demonstrated that the extracts, particularly from N. grossedentata, mainly contained phenolics, fla
vonoids, and other rich antioxidant active ingredients represented by dihydromyricetin [28]. In this study, the contents of total fla
vonoids, total phenolics and four flavonoid active compounds were determined in four extracts at the same concentration. The results 
in Fig. 2(a)-(c) and Table 2 indicated that the total flavonoids content in the extracts ranged from 109 to 675 mg RE/g extract, with the 
most flavonoids content 675 mg RE/g extract for AGR, followed by AME, ACA, and ACH with 418, 185, and 109 mg RE/g extract, 
respectively. On the other hand, the total phenolics content was in the order of AGR, AME, ACA and ACH with 421, 236, 71 and 49 mg 
RE/g extract. As for flavonoid components, the main compound was dihydromyricetin, followed by myricetrin, rutin and myricetin. In 
addition, the most contents are dihydromyricetin and myricetrin with 37% and 15% for AGR, which contained approximately the same 
amount to AME. Despite ACH contained 6% myricetin, which is the most. 

3.3. Antioxidant activity in vitro 

The antioxidant activities of the plant extracts in vitro are commonly measured by using DPPH radical scavenging method, ABTS 
and ferric reduction assays [40]. In this study, the antioxidant activities of the sample extracts were determined in vitro using FRAP, 
DPPH and TEAC assays. According to Fig. 3 (a) and Table 2, the results of the FRAP assay indicated that the reducing capability of AGR 
extract, which contained the most total flavonoids and phenolics, was stronger than TBHQ but inferior to TP at the same concentration. 
Furthermore, the reducing power of the other extracts decreased sequentially from AME and ACA to ACH, which was consistent with 
the contents of bioactive components in these samples. 

The scavenging activity of the extracts in DPPH and TEAC tests were inferior to TP and TBHQ at the same concentration which were 
depicted in Fig. 3 (b) and (c). The results showed that the AGR extract had the highest DPPH and ABTS free radical clearance rate 
among the four samples, with rates exceeding 43%. And the antioxidant ability of AGR extraction was similar to AME but significantly 
better than ACA and ACH extracts, despite there was no significant difference between ACA and ACH extracts. The results were also 
confirmed by the IC50 values, which were also calculated to quantify the antioxidant activity further, with values ranging from 204 to 
250 μg/mL and 176–300 μg/mL for DPPH and TEAC assays (Table 2). 

In addition to test whether there is a correlation between these components and antioxidant activities of the four extracts, cor
responding analysis were performed. As shown in Table 3, it was found that there were significant differences respectively between 
total flavnoids, total phenolics, myricetrin, and antioxidant activity, with correlation coefficients which exceeded 0.9. We also found 
that dihydromyricetin and rutin showed significant differences in clearing DPPH and ABTS, whose correlation coefficients were above 
0.8. 

Table 1 
Components of six edible oils.  

Components Palmitic acid, methyl ester 
(%) 

Stearic acid, methyl ester 
(%) 

Oleic acid 
(%) 

Linoleic acid, methyl ester 
(%) 

Linolenic acid, methyl ester 
(%) 

Rt 31.863 33.502 33.666 34.040 34.575 
Camellia oil 16.27 2.16 74.63 6.94 – 
Olive oil 20.60 3.28 69.96 6.16 – 
Sunflower oil 13.69 3.94 26.36 56.01 – 
Sesame oil 16.72 3.30 13.91 52.84 – 
Perillaseed oil 13.89 4.23 17.81 16.64 47.43 
Linseed oil 12.56 6.14 24.68 17.04 39.58  

Y. Zeng et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e28783

6

3.4. POV analysis in three oil systems 

To compare the effectiveness of these antioxidants in inhibiting lipid oxidation in different types of oils, POV was used to assess the 
antioxidant properties of the sample extracts and the common antioxidants TP and TBHQ on six edible oils containing oleic acid, 
linoleic acid and linolenic acid in this study. 

The effectiveness of antioxidants in inhibiting lipid oxidation across different types of oils was assessed using peroxide values (POV) 
in this study. As depicted in Fig. 4(a) and (b), oils rich in oleic acid, particularly camellia oil (CLO) containing 74.63% oleic acid, 
treated with antioxidants AGR and AME, exhibited less oxidation compared to those treated with ACH and ACA. For instance, at 18 

Fig. 2. The contents of total flavonoids (a), total phenolics (b) and four active flavonoid compounds (c) of four leaf samples from Ampelopsis species. 
Note: AGR (N. grossedentata), AME (N. megalophylla), ACH (N. chaffanjonii), ACA (N. cantoniensis). Different lowercase letters showed significant 
differences among the samples (P < 0.05). 

Table 2 
Antioxidant activities four exacts of Nekemias species using the DPPH assay, ABTS assay, and FRAP assay.  

Samples IC50/DPPH (μg/mL)a IC50/ABTS (μg/mL)b FRAP value (mmol FeSO4/g exact) 

TP 173 ± 0.47e 174 ± 2.83d 1.53 ± 0.02a 

TBHQ 137 ± 0.00f 172 ± 3.68e 0.33 ± 0.02d 

AGR 204 ± 0.94d 176 ± 4.19d 0.52 ± 0.01b 

AME 224 ± 0.47c 196 ± 2.16c 0.36 ± 0.02c 

ACH 250 ± 0.29a 300 ± 3.40a 0.24 ± 0.00f 

ACA 244 ± 0.26b 266 ± 2.62b 0.30 ± 0.01e 

Data are presented as the mean ± standard deviation (n ≥ 3). 
Note: TP (tea polyphenol, as control), TBHQ (tertiary butyl hydroquinone, as control), and four extracts of AGR (N. grossedentata), AME 
(N. megalophylla), ACH (N. chaffanjonii) and ACA (N. cantoniensis). Data are presented as the mean ± standard deviation (n ≥ 3). Different lowercase 
letters showed significant differences among the samples (P < 0.05). 

a The antioxidant activity was evaluated as the concentration of the test sample required to decrease the absorbance at 517 nm by 50%. 
b The antioxidant activity was evaluated as the concentration of the test sample needed to decrease the absorbance at 734 nm by 50%. 

Fig. 3. The comparison of antioxidant abilities of four sample extracts from Nekemias species in vitro in terms of FRAP(a), DPPH(b), ABTS(c) based 
on TP and TBHQ under the same condition. Note: TP (tea polyphenol, as control), TBHQ (tertiary butyl hydroquinone, as control), and four extracts 
of AGR (N. grossedentata), AME (N. megalophylla), ACH (N. chaffanjonii) and ACA (N. cantoniensis). Different lowercase letters showed significant 
differences among the samples (P < 0.05). 
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days, the POV of AGR and AME in CLO were both 0.28 g mM/kg oil, while in olive oil (OLO), they were 0.39 and 0.54 mM/kg oil, 
respectively, which was close to that of TBHQ but significantly lower than TP (Table 4 (a)). Notably, the oxidation rate of OLO was 
slower and more stable than that of CLO during the period from 15 to 27 days. Overall, in the oleic acid system, there was no significant 
difference between the antioxidant abilities of AGR and AME, which were comparable to TBHQ, followed by TP, ACA, and ACH. 

Furthermore, in sunflower oil (SFO), all four extracts demonstrated comparable antioxidant effects, which were superior to TP but 
not as effective as TBHQ (Fig. 4(c)). Specifically, the POV was 1.07 g mM/kg oil for the blank control, 1.03 mM/kg oil for TP, mM/kg 
oil for TBHQ, 0.95 mM/kg oil for AGR, 0.82 g mM/kg oil for AME, 0.84 mM/kg oil for ACH, and 0.86 mM/kg oil for ACA at 18 d. The 
POV values reached a peak on day 15 and exhibited better antioxidant ability before 18 days compared to later periods, indicating a 
temporary boost in antioxidant activity. Conversely, in the linolenic acid system, the extracts in perilla seed oil (PSO) and linseed oil 
(LSO) showed less inhibition effects, as their POV with different treatments was close to TP before 18 days and even higher than the 
control after 18 days (Fig. 4(e) and (f)). 

As for linolenic acid system, the extracts in PSO and LSO showed less inhibition effects, as their POV with different treatments was 
close to TP before 18 d, and even higher than the control after 18 d (Fig. 4 (f) and Table 4 (c)). Moreover, it can be observed that the 
antioxidant effects of the six treatments in linoleic acid and linolenic acid systems were not as stable as those in oleic acid system after 
the oven thermal oxidation treatment. The antioxidant effects in sesame oil (SMO) and perilla seed oil (PSO) were less stable compared 
to oleic and linoleic acid systems (Fig. 4(d) and (e)). The observed differences in the trends of POV values across various oil systems can 
be attributed to variations in the composition of fatty acids and other compounds present in each type of oil. For instance, both sesame 
oil (SMO) and PSO exhibited peaks in POV values during oven storage at 60 ◦C, suggesting a temporary increase in oxidation during 
this period. These fluctuations indicate a less predictable antioxidant behavior in oils rich in linolenic acid compared to oleic and 
linoleic acid systems. 

Overall, the varying tendencies observed in Fig. 4 and Table 4 can be attributed to differences in the composition of fatty acids and 
other compounds present in each type of oil, as well as the effectiveness of the antioxidants used in inhibiting lipid oxidation under 
different conditions. Further research may be needed to fully understand the mechanisms underlying these observed trends and to 
optimize antioxidant strategies for different oil systems. 

4. Discussion 

Nekemias species exhibit varying antioxidant properties, influenced by factors such as species, growth environments, and growth 
stages. In this study, we analyze the antioxidant capacity of extracts from four Nekemias plants under identical growth conditions and 
stages. Additionally, we explore the potential bioavailability and biological activity of these compounds. 

Prior research has highlighted the antioxidant potential of Nekemias species. Vine tea extract, rich in flavonoids and phenolics, has 
shown significant antioxidant activity in vitro [41–43]. Green leaves and tender tip leaves from N. grossedentata have demonstrated 
strong reducing and free radical scavenging abilities due to their flavonoid content, including dihydromyricetin and myricetrin [15, 
16]. In the study, we found that the N. grossedentata (AGR) extract exhibited robust antioxidant activity, similar to N. megalophylla 
(AME), surpassing N. carnosifolia (ACA) and N. heterophylla (ACH) extracts. These observations suggest a correlation between specific 
components, such as dihydromyricetin and myricetrin, and antioxidant activity. 

Antioxidants in Nekemias extracts, such as polyphenols and flavonoids, function by donating hydrogen atoms or electrons to free 
radicals in the plant oils [44,45]. These antioxidants possess stable atomic structures with sites for electron or hydrogen donation. Free 
radicals, with their chemically unstable atomic structures due to unpaired electrons, initiate oxidative reactions in fatty acids [46]. 
Antioxidants react with free radicals, stabilizing them and halting further lipid peroxidation. This process interrupts the chain reaction 
of oxidative damage [47]. 

Oleic acid (monounsaturated fatty acid) is less prone to oxidation compared to polyunsaturated fatty acids due to the absence of 
multiple double bonds. Linoleic acid (polyunsaturated fatty acid with 2 Double Bonds) is more susceptible to oxidation due to its 
multiple double bonds, which create vulnerable sites for free radical attack. Linolenic acid (polyunsaturated fatty acid with 3 double 
bonds) is the most vulnerable to oxidation among the three fatty acids due to its higher number of double bonds. Antioxidants "quench" 
free radicals by stabilizing them through chemical reactions, preventing further oxidative damage to the vegetable oils containing 
oleic, linoleic, or linolenic acid [48]. 

Table 3 
Bivariate correlation analysis between four main flavonoid compounds and three antioxidant capacities based on 
Pearson correlation coefficient test.  

Compounds FRAP DPPH ABTS 

TFC 0.984** 0.980** 0.955** 
TPC 0.980** 0.970** 0.951** 
DMYC 0.720* 0.866** 0.928** 
MRC 0.943** 0.990** 0.988** 
MIC − 0.557 − 0.587 − 0.496 
RC 0.588 0.818** 0.891** 

Note: TFC, total flavonoids content; TPC, total phenolics content; DMYC, dihydromyricetin content; MRC, myricetrin 
content; MIC, myricetin compound; RC, rutin content; FRAP, ferric reducing antioxidant; DPPH⋅, DPPH radicals 
scavenging rate; ABTS⋅, ABTS radicals scavenging rate. 
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Fig. 4. Peroxide values in camellia oil (a), olive oil (b), sunflower oil (c), sesame oil (d), perilla seed oil (e) and linseed oil (f). Note: Control (blank 
control), TP (tea polyphenol, as control), TBHQ (tertiary butyl hydroquinone, as control), and four extracts of AGR (N. grossedentata), AME 
(N. megalophylla), ACH (N. chaffanjonii) and ACA (N. cantoniensis). 
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Table 4 
Determination of peroxide values (POV) in oleic acid system (a), Linoleic acid system (b) and Linolenic acid system (c) under 60 ◦C incubation for 30 
day.   

Con. TP TBHQ AGR AME ACH ACA 

POV (mM/kg oil) 
Camellia oil (Oleic acid) 
0d 0.13 ± 0.01a 0.12 ± 0.01a 0.12 ± 0.01a 0.13 ± 0.01a 0.13 ± 0.00a 0.13 ± 0.01a 0.13 ± 0.00a 

3d 0.30 ± 0.02ab 0.28 ± 0.01b 0.15 ± 0.00d 0.20 ± 0.01c 0.21 ± 0.01c 0.30 ± 0.02ab 0.30 ± 0.01a 

6d 0.36 ± 0.01a 0.29 ± 0.02c 0.16 ± 0.00e 0.20 ± 0.00d 0.21 ± 0.00d 0.35 ± 0.01a 0.33 ± 0.01b 

9d 0.52 ± 0.03a 0.42 ± 0.03b 0.19 ± 0.02c 0.23 ± 0.00c 0.22 ± 0.01c 0.48 ± 0.01a 0.48 ± 0.03a 

12d 0.54 ± 0.03a 0.50 ± 0.02a 0.21 ± 0.03b 0.24 ± 0.01b 0.24 ± 0.02b 0.53 ± 0.03a 0.49 ± 0.08a 

15d 0.69 ± 0.06a 0.59 ± 0.04b 0.22 ± 0.01c 0.25 ± 0.02c 0.27 ± 0.01c 0.66 ± 0.01a 0.67 ± 0.01a 

18d 0.77 ± 0.03a 0.73 ± 0.02b 0.23 ± 0.01d 0.28 ± 0.01c 0.28 ± 0.00c 0.74 ± 0.02ab 0.72 ± 0.02b 

21d 0.99 ± 0.02a 0.88 ± 0.04c 0.23 ± 0.01e 0.27 ± 0.01de 0.30 ± 0.01d 0.92 ± 0.00b 0.96 ± 0.02ab 

24d 1.00 ± 0.06b 0.94 ± 0.06b 0.23 ± 0.02c 0.27 ± 0.01c 0.30 ± 0.02c 1.09 ± 0.06a 1.01 ± 0.03ab 

27d 1.17 ± 0.08a 1.16 ± 0.05a 0.24 ± 0.02b 0.28 ± 0.01b 0.30 ± 0.02b 1.21 ± 0.13a 1.12 ± 0.04a 

30d 1.28 ± 0.15a 1.27 ± 0.07a 0.23 ± 0.03b 0.34 ± 0.06b 0.31 ± 0.01b 1.32 ± 0.18a 1.34 ± 0.10a 

Olive oil (Oleic acid) 
0d 0.13 ± 0.01cd 0.15 ± 0.00a 0.12 ± 0.00d 0.15 ± 0.01ab 0.14 ± 0.00abc 0.14 ± 0.00abc 0.14 ± 0.01bc 

3d 0.23 ± 0.00a 0.23 ± 0.00a 0.14 ± 0.01c 0.20 ± 0.01b 0.21 ± 0.01b 0.24 ± 0.01a 0.23 ± 0.00a 

6d 0.31 ± 0.02a 0.32 ± 0.04a 0.16 ± 0.01c 0.22 ± 0.01d 0.27 ± 0.01b 0.31 ± 0.01a 0.33 ± 0.01a 

9d 0.43 ± 0.06a 0.41 ± 0.01a 0.19 ± 0.01c 0.23 ± 0.00c 0.33 ± 0.03b 0.41 ± 0.03a 0.39 ± 0.04a 

12d 0.49 ± 0.03a 0.43 ± 0.01b 0.20 ± 0.01e 0.25 ± 0.01d 0.36 ± 0.02c 0.44 ± 0.03b 0.44 ± 0.01b 

15d 0.58 ± 0.02b 0.60 ± 0.01b 0.22 ± 0.01e 0.38 ± 0.03d 0.53 ± 0.03c 0.65 ± 0.03a 0.65 ± 0.02a 

18d 0.59 ± 0.01b 0.61 ± 0.01b 0.23 ± 0.02e 0.39 ± 0.02d 0.54 ± 0.03c 0.66 ± 0.03a 0.62 ± 0.04ab 

21d 0.59 ± 0.02ab 0.61 ± 0.02a 0.22 ± 0.00d 0.39 ± 0.02c 0.53 ± 0.04b 0.64 ± 0.02a 0.62 ± 0.05a 

24d 0.60 ± 0.01bc 0.61 ± 0.02bc 0.22 ± 0.02e 0.39 ± 0.01d 0.57 ± 0.02c 0.65 ± 0.01a 0.63 ± 0.03ab 

27d 0.65 ± 0.01a 0.67 ± 0.03a 0.23 ± 0.02d 0.39 ± 0.01c 0.59 ± 0.00b 0.67 ± 0.00a 0.67 ± 0.01a 

30d 0.85 ± 0.08bc 0.81 ± 0.02cd 0.28 ± 0.02e 0.67 ± 0.12d 1.06 ± 0.09a 1.03 ± 0.09a 0.98 ± 0.05ab 

POV (mM/kg oil) 
Sunflower oil (Linoleic acid) 
0d 0.14 ± 0.01a 0.15 ± 0.01a 0.11 ± 0.01c 0.17 ± 0.01c 0.16 ± 0.02b 0.16 ± 0.02a 0.15 ± 0.01a 

3d 0.34 ± 0.01ab 0.35 ± 0.02a 0.14 ± 0.01d 0.30 ± 0.01c 0.31 ± 0.02bc 0.34 ± 0.01a 0.35 ± 0.01a 

6d 0.47 ± 0.02ab 0.51 ± 0.02a 0.18 ± 0.02c 0.44 ± 0.04b 0.44 ± 0.05b 0.44 ± 0.01b 0.50 ± 0.02ab 

9d 0.62 ± 0.02ab 0.64 ± 0.01a 0.22 ± 0.01c 0.58 ± 0.02b 0.60 ± 0.04ab 0.60 ± 0.06ab 0.62 ± 0.04ab 

12d 0.91 ± 0.04a 0.82 ± 0.04ab 0.25 ± 0.02c 0.77 ± 0.10b 0.73 ± 0.08b 0.73 ± 0.05b 0.77 ± 0.10b 

15d 0.92 ± 0.02a 0.99 ± 0.07a 0.27 ± 0.01b 0.84 ± 0.15a 0.84 ± 0.07a 0.84 ± 0.08a 0.88 ± 0.11a 

18d 1.07 ± 0.14a 1.03 ± 0.10ab 0.35 ± 0.01c 0.95 ± 0.01ab 0.82 ± 0.14b 0.84 ± 0.12ab 0.86 ± 0.15ab 

21d 1.18 ± 0.10a 1.13 ± 0.14ab 0.46 ± 0.04d 0.99 ± 0.01bc 0.87 ± 0.08c 0.90 ± 0.04c 0.93 ± 0.15c 

24d 1.17 ± 0.13a 1.15 ± 0.20ab 0.45 ± 0.06c 1.01 ± 0.13ab 0.95 ± 0.11b 0.90 ± 0.13b 0.95 ± 0.12b 

27d 1.21 ± 0.07ab 1.26 ± 0.01a 0.52 ± 0.04c 1.10 ± 0.09ab 0.99 ± 0.18b 1.03 ± 0.16b 1.00 ± 0.12b 

30d 1.24 ± 0.14a 1.26 ± 0.07a 0.68 ± 0.09b 1.11 ± 0.04a 1.14 ± 0.33a 1.14 ± 0.03a 1.16 ± 0.05a 

Sesame oil (Linoleic acid) 
0d 0.15 ± 0.01b 0.22 ± 0.02a 0.18 ± 0.00b 0.24 ± 0.03a 0.23 ± 0.00a 0.22 ± 0.01a 0.23 ± 0.01a 

3d 0.37 ± 0.01ab 0.35 ± 0.01bc 0.20 ± 0.05d 0.32 ± 0.04c 0.38 ± 0.01ab 0.35 ± 0.00bc 0.40 ± 0.01a 

6d 0.41 ± 0.02ab 0.38 ± 0.01ab 0.28 ± 0.03c 0.38 ± 0.02c 0.42 ± 0.01ab 0.39 ± 0.04ab 0.43 ± 0.04a 

9d 0.42 ± 0.03ab 0.42 ± 0.04ab 0.30 ± 0.00c 0.41 ± 0.03b 0.42 ± 0.03ab 0.39 ± 0.04b 0.47 ± 0.01a 

12d 0.47 ± 0.03a 0.43 ± 0.06ab 0.33 ± 0.03b 0.51 ± 0.13a 0.49 ± 0.03a 0.45 ± 0.06ab 0.47 ± 0.02a 

15d 0.81 ± 0.08a 0.61 ± 0.20b 0.36 ± 0.03c 0.84 ± 0.04a 0.80 ± 0.06ab 0.93 ± 0.10a 0.91 ± 0.06a 

18d 0.52 ± 0.07b 0.45 ± 0.05b 0.31 ± 0.07c 0.68 ± 0.10a 0.47 ± 0.04b 0.50 ± 0.07b 0.46 ± 0.04b 

21d 0.63 ± 0.01ab 0.50 ± 0.05c 0.28 ± 0.04d 0.69 ± 0.08a 0.62 ± 0.08ab 0.53 ± 0.04b 0.56 ± 0.03b 

24d 0.60 ± 0.11ab 0.48 ± 0.06b 0.26 ± 0.05c 0.66 ± 0.07a 0.54 ± 0.10ab 0.51 ± 0.09b 0.48 ± 0.02b 

27d 0.66 ± 0.09a 0.60 ± 0.05a 0.30 ± 0.03b 0.70 ± 0.04a 0.64 ± 0.08a 0.69 ± 0.02a 0.60 ± 0.09a 

30d 0.85 ± 0.15a 0.69 ± 0.05bc 0.38 ± 0.04d 0.80 ± 0.04ab 0.69 ± 0.09bc 0.70 ± 0.00bc 0.56 ± 0.04c 

POV (mM/kg oil) 
Perilla seed oil (Linolenic acid) 
0d 0.07 ± 0.00e 0.10 ± 0.01d 0.12 ± 0.00bc 0.12 ± 0.00c 0.13 ± 0.00ab 0.13 ± 0.01a 0.13 ± 0.00ab 

3d 0.29 ± 0.00b 0.25 ± 0.01d 0.17 ± 0.00e 0.24 ± 0.00d 0.27 ± 0.00c 0.28 ± 0.01b 0.32 ± 0.00a 

6d 0.34 ± 0.00d 0.30 ± 0.01e 0.18 ± 0.00f 0.35 ± 0.01c 0.36 ± 0.00c 0.37 ± 0.01b 0.37 ± 0.01b 

9d 0.38 ± 0.02c 0.35 ± 0.00d 0.20 ± 0.01e 0.36 ± 0.00d 0.40 ± 0.01b 0.38 ± 0.00c 0.38 ± 0.01c 

12d 0.39 ± 0.01bc 0.36 ± 0.01d 0.21 ± 0.00e 0.37 ± 0.00d 0.41 ± 0.01a 0.38 ± 0.00c 0.40 ± 0.01ab 

15d 0.44 ± 0.00d 0.45 ± 0.00d 0.25 ± 0.01e 0.44 ± 0.00d 0.52 ± 0.01c 0.55 ± 0.01b 0.60 ± 0.01a 

18d 0.49 ± 0.01d 0.47 ± 0.00e 0.29 ± 0.00f 0.47 ± 0.00e 0.54 ± 0.00c 0.57 ± 0.00b 0.61 ± 0.01a 

21d 0.51 ± 0.00e 0.52 ± 0.01e 0.33 ± 0.00f 0.54 ± 0.00d 0.57 ± 0.00c 0.62 ± 0.00b 0.65 ± 0.01a 

24d 1.08 ± 0.05ab 1.00 ± 0.07b 0.25 ± 0.01d 0.31 ± 0.01cd 0.37 ± 0.02c 1.16 ± 0.07a 1.12 ± 0.11a 

27d 0.52 ± 0.00e 0.52 ± 0.00e 0.36 ± 0.01f 0.55 ± 0.01d 0.58 ± 0.01c 0.63 ± 0.01b 0.67 ± 0.00a 

30d 0.69 ± 0.01a 0.53 ± 0.00d 0.51 ± 0.01d 0.56 ± 0.01c 0.65 ± 0.02b 0.65 ± 0.03b 0.72 ± 0.00a 

Linseed oil (Linolenic acid) 
0d 0.08 ± 0.00b 0.08 ± 0.00b 0.07 ± 0.00c 0.11 ± 0.00a 0.08 ± 0.00b 0.08 ± 0.00b 0.08 ± 0.01b 

3d 0.25 ± 0.00c 0.20 ± 0.00d 0.12 ± 0.01e 0.26 ± 0.01c 0.30 ± 0.00b 0.29 ± 0.00b 0.35 ± 0.00a 

(continued on next page) 
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We extended our investigation to assess the ability of Nekemias extracts to delay lipid oxidation in edible oils containing different 
fatty acids, including oleic acid, linoleic acid, and linolenic acid. The results revealed variations in antioxidant effects depending on the 
oil system and oleic acid content. Oleic acid systems benefited the most from AGR and AME extracts, with camellia oil exhibiting the 
highest efficacy. In linoleic acid systems, all four extracts showed similar antioxidant effects, while sesame oil exhibited initial 
effectiveness. However, perilla seed oil and linseed oil, rich in linolenic acid, displayed reduced antioxidant effects over time. 

While our study highlights the antioxidant potential of Nekemias extracts, further research is needed to assess their applicability in 
clinical settings. In vitro experiments provide valuable insights, but in vivo studies and clinical trials are essential to understand their 
effects in real organisms. Acknowledging these limitations, Nekemias extracts show promise as natural antioxidants with diverse 
applications in health and food industries. 

5. Conclusion 

In conclusion, this research sheds light on the promising antioxidant potential of Nekemias species extracts, particularly 
N. grossedentata and N. megalophylla, as natural alternatives to synthetic antioxidants. These extracts exhibited robust antioxidant 
activity in vitro, linked to their high contents of total flavonoids, total phenolics, dihydromyricetin, and myricetrin. Importantly, these 
extracts demonstrated effective inhibition of lipid oxidation in various edible oils, with the most significant impact observed in oleic 
acid-rich oils, such as camellia oil. Their antioxidant effects in oleic acid systems were on par with the synthetic antioxidant TBHQ and 
even surpassed the natural antioxidant TP. These findings have significant implications for the food industry, as Nekemias species 
extracts could serve as valuable natural additives to prolong the shelf life of edible oils, mitigating the potential health risks associated 
with synthetic antioxidants. Moreover, this study contributes to the growing body of research on plant-derived natural antioxidants, 
offering potential solutions to the pressing need for safer and more sustainable alternatives to synthetic food additives. Future research 
should focus on exploring the application of Nekemias extracts in real-world food products and conducting in vivo studies to better 
understand their effects in living organisms. Additionally, investigations into the broader pharmacological and health-promoting 
properties of these extracts could unveil further opportunities for their utilization in both the food and pharmaceutical industries. 
Overall, this study represents a significant step toward harnessing the natural antioxidant potential of Nekemias species, contributing to 
the development of healthier and safer food products. 
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Table 4 (continued )  

Con. TP TBHQ AGR AME ACH ACA 

6d 0.30 ± 0.01e 0.34 ± 0.02d 0.13 ± 0.00f 0.35 ± 0.00cd 0.37 ± 0.00bc 0.37 ± 0.01b 0.42 ± 0.00a 

9d 0.37 ± 0.04b 0.39 ± 0.04ab 0.17 ± 0.01c 0.39 ± 0.01ab 0.39 ± 0.00ab 0.40 ± 0.01ab 0.43 ± 0.00a 

12d 0.39 ± 0.02c 0.42 ± 0.01b 0.19 ± 0.00d 0.44 ± 0.00a 0.45 ± 0.00a 0.41 ± 0.01b 0.45 ± 0.00a 

15d 0.44 ± 0.01e 0.44 ± 0.00e 0.25 ± 0.00f 0.65 ± 0.00a 0.57 ± 0.00b 0.51 ± 0.00c 0.48 ± 0.01d 

18d 0.47 ± 0.01d 0.48 ± 0.01d 0.28 ± 0.01e 0.67 ± 0.00a 0.59 ± 0.01b 0.52 ± 0.01c 0.50 ± 0.02c 

21d 0.51 ± 0.01d 0.51 ± 0.01d 0.31 ± 0.00e 0.70 ± 0.01a 0.63 ± 0.01b 0.54 ± 0.01c 0.53 ± 0.01c 

24d 0.66 ± 0.09a 0.60 ± 0.05a 0.32 ± 0.02b 0.70 ± 0.04a 0.64 ± 0.08a 0.69 ± 0.02a 0.60 ± 0.09a 

27d 0.52 ± 0.01e 0.53 ± 0.00e 0.34 ± 0.01f 0.72 ± 0.01a 0.65 ± 0.00b 0.56 ± 0.00c 0.54 ± 0.00d 

30d 0.89 ± 0.01a 0.54 ± 0.01e 0.37 ± 0.01f 0.73 ± 0.01b 0.67 ± 0.00c 0.57 ± 0.00d 0.56 ± 0.00d 

Note: Control (blank control), TP (tea polyphenol, as control), TBHQ (tertiary butyl hydroquinone, as control), and four extracts of AGR 
(N. grossedentata), AME (N. megalophylla), ACH (N. chaffanjonii) and ACA (N. cantoniensis). 
Different lowercase letters showed significant differences among the samples (P < 0.05). 
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