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AbstractAbstractAbstractAbstract    
    
Camellia oleifera Abel. (C. oleifera), one of the four woody oil-producing plants in the world produces 

edible oils with high percentage of unsaturated fatty acid content in seeds. The mature C. oleifera seeds continue 
to undergo a series of physiological changes after harvest. To this end, the dynamic changes in nutrients, oil 
content, fatty acid composition, and endogenous hormone content in C. oleifera seeds under different natural 
drying times after harvest were investigated. The content of soluble sugar and soluble protein of C. oleifera seeds 
increased with the extension of natural drying, especially soluble sugar content increased nearly 2-fold at 30 d 
after post-harvest natural drying compared with that of the control group. The content of oil reached a peak 
(23.6%) at 30 d after post-harvest natural drying. During the post-harvest natural drying process, the relative 
content of palmitic acid and oleic acid increased, while the relative content of palmitic acid and linoleic acid 
decreased. Furthermore, the levels of unsaturated fatty acids (oleic acid, linoleic acid, linolenic acid, and 
arachidonic acid) increased significantly with increasing natural drying time. The overall trend of endogenous 
hormones SA, SL, and ACC concentrations increased with the post-harvest natural drying process. 
Furthermore, the concentration of SA, SL, and ACC were positively correlated with oil content. Altogether, 
post-harvest natural drying for 30 days significantly promoted the anabolism of oil and improved the quality 
of C. oleifera seeds. These findings provide a scientific basis for reasonable post-harvest treatment to improve 
Camellia oil yield. 
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IntroductionIntroductionIntroductionIntroduction    
 
Camellia oleifera Abel. (C. oleifera), a small evergreen tree or shrub, known as the world's four largest 

woody oil plants with olive, oil palm, and coconut (Wen et al., 2018; Wu et al., 2020). C. oleifera has a long 
history of cultivation and utilization in China, and the cultivation of C. oleifera has reached 453.33 hectares by 
2020 (Qin et al., 2018). For C. oleifera, most of the nutrients are concentrated in the seeds (Zhang et al., 2021), 
and the Camellia oil is obtained by pressing C. oleifera seeds. Camellia oil is high-quality edible oil in the world, 
with higher unsaturated fatty acid content than peanut oil, soybean oil, and other herbal oils (Ma et al., 2011). 
Camellia oil is also easily absorbed by the human body, for example, promoting the absorption of fat-soluble 
fiber and trace elements such as calcium, iron, and zinc. Camellia oil also contains various bioactive substances, 
which can improve cardiovascular health, reduce cholesterol and fasting glucose, and maintain normal blood 
triglyceride levels, etc. (Lee et al., 2006; Di et al., 2017). Additionally, Camellia oil has a wide range of uses in 
skincare and industry with a growing potential for market development (Zhang, 2013; Luo et al., 2015). These 
beneficial efficacies depend on the genetic characteristics and post-harvest treatment measures of C. oleifera 
seeds (Gao et al., 2013; Zhang et al., 2021). Therefore, reasonable harvest and scientific post-harvest treatment 
technology are key to ensuring the quality of C. oleifera seeds.  

Drying treatment is very important for post-harvest seeds. Seeds need to be stored after harvest, which 
has a high moisture content, so they should be dried. Furthermore, for some oil crops and fruits, post-harvest 
drying is also conducive to the transformation of oil or other beneficial substances (Baud et al., 2002; Borek et 

al., 2009; Ojediran et al., 2021; Wu et al., 2022). In hazelnut, the protein content has a gradual reduction, and 
the monounsaturated fatty acid content has a gradual increase with the increase in post-harvest drying time 
(Ali, 2018). The sugar content increased with the increase of drying time in jujube (Gao and Wang, 2013). 
Solar drying has been proven to convert ergosterol into vitamin D and maximize the nutritional value of 
mushrooms (Jiang et al., 2020). In mango and pineapple, the content of dry matter, carbohydrates, and total 
sugar increased significantly after drying (Mohammed et al., 2020). For C. oleifera, when the assimilation of 
green organs and the storage substances in the pericarp are rapidly transferred to the seed, the content of 
nutrients in the seed changes significantly, and a large amount of oil will form during this period (Peng et al., 
2020). Natural drying could promote the oil accumulation in the seeds of the two C. oleifera species (Feng et 

al., 2017). In addition, the change of endogenous hormone affects the conversion of nutrients (Khavari et al., 
2021) and has the same effect on C. oleifera seeds (Cao et al., 2015). Studies have shown that drying treatment 
has significant effect on the changes of endogenous hormone (Jing et al., 2017). Xie et al. (2013) reported that 
the air-drying affected the changes of endogenous hormones in Intertidal Macro-Alga Ulva pertusa. In 
addition, the different drying processing times might play different roles (Mohammed et al., 2020). Therefore, 
it is necessary to further study the post-harvest drying time of C. oleifera seeds.  

To understand the effect of post-harvest natural drying time on the substances in C. oleifera seeds, the 
contents of moisture and oil, and fatty acid composition, as well as the endogenous hormone content were 
analyzed in the present study. This study will provide a suitable raw material treatment method for processing 
high-quality Camellia oil and promoting technological research and development to improve the yield and 
quality of C. oleifera. 
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Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Plant materials 

The plant materials used 6-year-old high-crown-grafted C. oleifera cultivar 'Hua Shuo', which was 
planted in the C. oleifera experimental field of Central South University of Forestry and Technology, located 
in Wangcheng District, Changsha City, Hunan Province (113° 31' E, 28° 05' N). The planting area is a 
subtropical monsoon humid climate with average annual precipitation (1,380 mm), an average annual 
temperature (19.3 °C), and an average annual frost-free period (271-291 days). A sufficient number of mature 
fruits were picked randomly from the different directions of each C. oleifera tree without diseases and insect 
pests. The collected fruits were placed on open-ended paper box with multiple air holes around in a shaded 
place, and seeds were collected at 0 days (d), 5 d, 10 d, 15 d, 20 d, 25 d, and 30 d after natural drying, respectively. 
Subsequently, frozen the seeds in liquid nitrogen quickly and stored at -80 °C (the sample of 0 d was set as the 
control group and each group had three biological replicates. 

 
Analyzed of soluble sugar content and soluble protein content 

The content of soluble sugar was determined according to John’s description (John et al., 1950). Briefly, 
one-half-gram frozen samples were ground with liquid nitrogen and homogenized with 4 mL of 80% alcohol 
(v/v). The mixture was incubated in shaking water bath at 80 °C for 30 min. The supernatant was collected 
after centrifuging for 10 min (4000 r min–1), and the residue was re-extracted with 80% alcohol (4 mL) as 
described above. The resulting supernatants were combined, and activated carbon (0.1%) was added, 
decolorized at water bath (80 °C) for 30 min, and then filtered. The obtained extract was added to 10 mL of 
distilled water to obtain the sugar extract. Add 5 mL enthrone reagent (0.1%) in 0.1 mL sugar extraction and 
place in a water bath at 100 °C for 10 min. After cooling, the OD value was measured at 620 nm with three 
times repetitions. The standard curve uses 1000 ug mL–1 glucose standard solution. Each experiment with three 
biological repetitions. 

The content of soluble protein was determined according to the method (Bradford, 1976). The frozen 
sample (1 g) was ground with liquid nitrogen, and then 8 mL of distilled water was added. The mixtures were 
left for 0.5-1 h at room temperature (20-25 °C) to facilitate full extraction and then centrifuged for 20 min 
(4,000 r min–1). Collected all the pooled supernatant, add distilled water to 10 mL, and then extracted to be 
tested. Then 0.1 mL extraction was added to 5 mL of Coomassie brilliant blue G250, and let stand for 2 min 
after fully mixing. The OD value at 595 nm was measured (zero is the blank value) and repeated three times. 
The standard curve was drawer using 1 mg mL–1 glucose standard solution. Each experiment with three 
biological repetitions. 

 
Analyzed of moisture content, oil content, and fatty acid composition 

To investigate the moisture content, the fresh seeds were weighed (W1) and then dried to constant 
weight (W2) in a 55 °C oven. Repeated three times. 

 

Moisture content (%) = (W1-W2) × 100 / W1 (1) 

 
The oil content was analyzed according to the method of Gong et al. (2020). The oil of samples was 

extracted using Soxhlet extraction with organic solvent (petroleum ether). Specifically, the fresh seeds were 
dried to constant weight in an oven at 60 °C. Then grind the dried seeds into powder with a pulverizer. 
Accurately weighed 5.0 g of powder into a folded filter paper tube, which was tightened with a fire cotton 
thread and inserted into a Soxhlet extractor. About 50 mL of petroleum ether was added to the cup connected 
to the Soxhlet extractor. In each experiment, a weighed sample was extracted with a required solvent in a 
Soxhlet extractor for 30 min. The machine temperature was maintained at 75 °C during the extraction process, 
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and then rinsed for 150 min, recuperated the solvent for 60 min. The extracted oil was stored in the 4 °C 
refrigerators for further analysis. Repeated three times. 

 
Oil content = [(weight of cup and oil-weight of the empty cup) / weight of powder] × 100%              (2) 
 
The fatty acid content was analyzed followed with the guidelines of the Determination of Fatty Acids 

in Food of National Food Safety Standard in China (GB5009.168, 2016). The oil sample (60.0 mg) was 
accurately weighed and dissolved in 2 mL glycerol undecanoate solution and 4 mL isooctane. The oil solution 
is methylated by transesterification with 200 μL potassium hydroxide methanol solution, and the mixture was 
agitation for 30 s and stand for clarification at room temperature. About 1 g of sodium bisulfate was added to 
neutralize potassium hydroxide. After the salt is precipitated, move the upper solution to the upper bottle for 
testing. The gas chromatograph adopts a hydrogen flame ionization detector and chromatographic column (60 
m × 0.25 mm × 0.2 μm). The carrier gas is nitrogen with a split ratio of 1:50. The automatic injection was 1 
μL. The oven temperature was programmed from 50 °C (2 min hold) to 170 °C with 20 °C min–1 (10 min 
hold), then to 108 °C with 2 °C min–1 (10 min hold), finally to 220 °C with 4 °C min–1 (22 min hold). The 
fatty acids relative content was then calculated as follows: fatty acids relative content (%) = (fatty acid methyl 
esters peak area × conversion coefficient of fatty acid methyl esters to fatty acids) / (sum of peak areas of all 
fatty acid methyl esters × conversion coefficient of fatty acid methyl esters to fatty acids). All fatty acid content 
data in this work were presented as the mean ± SD of three biological repetitions. 

 
Analyzed of endogenous hormones 

In brief, 0.5 g frozen sample were ground with liquid nitrogen and homogenized with 9 mL PBS buffer 
(PH = 7.4). Centrifuged for 30 min (4 °C, 8,000 r min–1). The supernatant was stored at 4 °C. The contents of 
strigolactone (SL), salicylic acid (SA), 1-aminocyclopropanecarboxylic Acid (ACC), brassinosteroid (BR) and 
methyl jasmonate (MeJA) were determined using an Enzyme-Linked ImmunoSorbent Assay (ELISA) kit 
according to instructions of the manufacturer. The plant hormone strigolactone (SL) ELISA kit, plant 
hormone salicylic acid (SA) ELISA kit, plant hormone 1-aminocyclopropanecarboxylic acid (ACC) ELISA 
kit, plant hormone brassinosteroid (BR) ELISA kit, and plant hormone methyl jasmonate (MeJA) ELISA kit 
were used to determine the endogenous hormone content of SL, SA, ACC, BR, and MeJA, respectively, 
following the manufacturer’s instructions. The reaction was terminated by the addition of a sulfuric acid 
solution, and the color change was measured spectrophotometrically at 450 nm using a microplate reader 
(BioTek, Winooski, Vermont, USA). Each experiment with three biological repetitions.   

 

Statistical analysis 

Data were analyzed with a one-way ANOVA using the Statistical Package for the Social Sciences (SPSS 
11.0, SPSS Inc., Chicago, Illinois, USA) and Origin 9.0 software (OriginLab, Northampton, Massachusetts, 
USA). Means were compared using Duncan's honestly significant difference test at p < 0.05. All data had three 
biological replicates, and were analyzed and represented as the mean ± SD (n = 3). The corrplot package in 
RStudio 1.3.959 (RStudio, Boston, Massachusetts, USA) was used for the correlation analysis. 

 
    
ResultsResultsResultsResults    
 
Dynamic changes of soluble sugar and protein content in C. oleifera seeds after post-harvest natural drying 

The changes of soluble sugar content were shown in Figure 1A. Compared with 0 d, the soluble sugar 
content in 10-30 d increased to different degrees, especially in 20 d and 30 d, and the content of soluble sugar 
after 20 and 30 d at post-harvest drying treatment increased by 1.77- and 1.89-fold, respectively. The soluble 
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sugar content of C. oleifera reaching 156.2 mg g–1 at 30 d of treatment and increased nearly 2-fold compared 
with that of the control group. These results indicated that the soluble sugar content of C. oleifera increased 
with the extension of natural drying time. 

The content of soluble protein decreased first but then increased. The observed maximum soluble 
protein reached 13.9 mg g–1 at 20 d, which was approximately 1.54-fold higher than the control group (Figure 
1B). Compared with the control group, the soluble protein content increased slightly after 30 d. These results 
showed that post-harvest natural drying time had little effect on the soluble protein content of C. oleifera seeds. 

 

 
Figure. 1. Figure. 1. Figure. 1. Figure. 1. Effect of post-harvest natural drying time on the content of soluble sugar (A) and soluble protein 
(B) in C. oleifera seeds 
Values as shown as means ± SDs of three biological replicates. Different letters between treatments denote significant 
differences (ANOVA test, P < 0.05) 

 
Dynamic changes of moisture and oil content in C. oleifera seeds after post-harvest natural drying 

With the increase in natural drying time, the moisture content of C. oleifera seeds decreased from 60.2% 
(0 d) to 15% (30 d) (Figure 2A). The moisture content of C. oleifera seeds tended to be stable around 20 d after 
post-harvest natural drying. 

As shown in Figure 2B, drying time after harvest has a more obvious effect on the oil content of C. 

oleifera seeds. The content of the oil increased from 18.2% to 22.9% during 0-5 d of natural drying. However, 
the seed oil content decreased significantly from 5 to 15 d, reaching the lowest value of 16.7% at 15 d. 
Subsequently, the content of oil increased significantly from 15 to 30 d, reaching a peak (23.6%) at 30 d after 
postharvest natural drying (Figure 2B).  

 

 
Figure 2.Figure 2.Figure 2.Figure 2. Effect of post-harvest natural drying time on the content of moisture (A) and oil (B) in C. oleifera 

seeds 
Values as shown as means ± SDs of three biological replicates. Different letters between treatments denote significant 
differences (ANOVA test, P < 0.05) 
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Moreover, there was an opposite trend between moisture content and oil content. Therefore, the 
optimum time of natural drying after harvest was 30 d, which can effectively improve the oil production of C. 

oleifera seeds. 
 
The changes of fatty acid compositions in C. oleifera seeds after post-harvest natural drying 

The fatty acids of C. oleifera were mainly composed of palmitic acid, stearic acid, oleic acid, linoleic acid, 
linolenic acid, and arachidonic acid (Figures 3-5). The relative content of oleic acid accounted for about 80% 
in C. oleifera seeds and increased with the natural drying time (Figures 5A and 4B). The overall trend of palmitic 
acid content decreased with natural drying time (Figure 4A). The stearic acid content was about 2% and the 
overall trend was similar to linolenic acid (Figures 3B and 4B). A small amount of linolenic acid (0.3%) was 
determined in C. oleifera seeds (Figure 3B). The trend of linolenic acid content decreased from 5 to 15 d; but 
recovered after 15 d (Figure 4E) and the content of arachidonic acid increased after treatment compared with 
0 d (Figure 4F). 

 

 
Figure 3.Figure 3.Figure 3.Figure 3. The fatty acids of C. oleifera (A) and effects of post-harvest natural drying time on fatty acid 
composition (B) in C. oleifera seeds 

 

 
Figure 4.Figure 4.Figure 4.Figure 4. Effects of post-harvest natural drying time on the contents of Palmitic acid (A), stearic acid (B), 
Oleic acid (C), linoleic acid (D), Linolenic acid (E) and cis-11-eicosenoicacid (F) in C. oleifera seeds 
Values as shown as means ± SDs of three biological replicates. Different letters between treatments denote significant 
differences (ANOVA test, P < 0.05) 
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In order to reveal the changing trend of saturated fatty acids and unsaturated fatty acids more intuitively, 
we conducted a comprehensive analysis of the relative content of palmitic acid with stearic acid, oleic acid, 
linoleic acid, linolenic acid, and arachidonic acid. The changes of the total content of saturated fatty acids 
(palmitic acid and stearic acid) and unsaturated fatty acids (oleic acid, linoleic acid, linolenic acid, and 
arachidonic acid) were shown in Figures 5C and B. The results showed that with the increase of natural drying 
time, the total content of unsaturated fatty acids significantly increased, while saturated fatty acids were the 
opposite. Thus, post-harvest natural drying could increase the total content of unsaturated fatty acids, thereby 
improving the quality of the oil. 

 

 
Figure 5.Figure 5.Figure 5.Figure 5. Effect of post-harvest natural drying time on the content of saturated acid (A) and unsaturated 
acid (B) in C. oleifera seeds after harvest 
Values as shown as means ± SDs of three biological replicates. Different letters between treatments denote significant 
differences (ANOVA test, P < 0.05) 

 
The change of endogenous hormones contents in C. oleifera seeds after post-harvest natural drying 

The concentration of SL, SA, and ACC fluctuated first from 0 to 15 d and then increased with post-
harvest drying time from 20 to 30 d. Compared with 0 d, the concentration of SL, SA, and ACC were highest 
at 30 d, increasing 125.14% (0.58→1.30 ng g–1), 134.80% (13.03→30.60 ng g–1), and 194.90% (1.39→4.09 ng g–

1), respectively (Figures 6A-C). 
Compared with the control group, BR concentration increased sharply at first, but then decreased, and 

then increased to 3.26 ng g–1 at 20 d. After 20 d, the content of BR decreased gradually and became stable 
(Figure 6D). 

As shown in Figure 6E, the concentration of MeJA significantly increased from 0 to 10 d, reaching a 
maximum value of 4.53 ng g–1, which increased 1.68-fold compared with 0 d, but then sharply decreased to 15 
d (4.53→2.03 ng g–1), and then tended to be stable. There was no significant difference between the control 
group after 30 d and 0 d.  

 
Correlation analysis of nutrients contents and endogenous hormones after post-harvest natural drying 

To investigate the relationship between the content of various substances (moisture, soluble sugar and 
protein, oil, fatty acid components, and endogenous hormone) in C. oleifera seeds after post-harvest natural 
drying, the correlations of them were analyzed. As shown in Figure 7, there was a strong negative correlation 
between soluble sugar and soluble protein and moisture content (correlation coefficients were -0.80 and -0.88). 
Soluble protein was negatively correlated with MeJA. Oil content has a significant positive correlation with SL, 
SA, and ACC (correlation coefficient > 0.8), which correlation coefficients were 0.85, 0.85 and 0.82. Stearic 
acid showed a strong positive correlation with SL, SA, and ACC. In addition, five endogenous hormones were 
positively correlated with oleic acid, linolenic acid, cis-11-Eicosenoicacid, and unsaturated fatty acid, but 
negatively correlated with saturated fatty acid and palmitic acid. 
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Figure 6.Figure 6.Figure 6.Figure 6. Effects of post-harvest natural drying time on the endogenous hormones contents of SL (A), SA 
(B), ACC (C), BR (D) and MeJA (E) in C. oleifera seeds 
Values as shown as means ± SDs of three biological replicates. Different letters between treatments denote significant 
differences (ANOVA test, P < 0.05) 

 

 
Figure 7.Figure 7.Figure 7.Figure 7. Correlation analysis 
Correlation analysis of each substance content, using Pearson method (GraphPad Prism 9 software test) 
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DiscussionDiscussionDiscussionDiscussion    
 
Effects of post-harvest natural drying on oil content and quality in C. oleifera seeds  

For oil crops, the accumulation of seed storage materials began to tilt in the direction of oil during post 
ripening, and post-harvest natural drying will promote this transformation (Borisjuk et al., 2004; Cao et al., 
2015; Eliášová et al., 2022; Hernández-Clemente et al., 2019; Xu et al., 2020). The total oil content increased 
during the drying of Cupuaçu seeds (Souza et al., 2020). In this study, the accumulation of oil was closely related 
to the increase of drying time and reached the peak value after 30 d of post-harvest natural drying. These 
findings were consistent with the result of Luo et al.  (2015). Unsaturated fatty acids are important bioactive 
ingredient in C. oleifera seeds (accounting for more than 90%), which affects the oil quality and is beneficial to 
the human body (Xiao et al., 2017; Zhou et al., 2020). Many studies indicated that drying treatment not only 
promoted the conversion of fatty acids but also enhanced the continuous conversion of saturated fatty acids 
into unsaturated fatty acids in seeds (Curtidor et al., 2020; Khan et al., 2011; López-Fernández et al., 2018; 
Wang et al., 2021). Wang et al. (2020) found that air-drying is more favorable to produce fatty acids. In this 
study, the unsaturated fatty acids level increased, and finally stabilized from 0 to 30 d natural drying, especially 
oleic acid accumulation level, while the saturated fatty acids of C. oleifera seeds decreased. Our results were 
consistent with the previous report (Wang et al. 2017). In conclusion, the optimal post-harvest natural drying 
time was 30 d could ensure the oil content and quality of C. oleifera oil.    

 
The contains substances content change of C. oleifera seeds under post-harvest natural drying treatments 

C. oleifera seeds are the main source of economic benefits because they are rich in a large number of 
nutrients (sugar, protein, oil, etc.) (Zeng and Endo, 2019). A large number of studies have shown that post-
harvest drying will change the content of carbohydrates in fruits (Abano et al., 2021; Marzec et al., 2020). In 
dewandaru fruit, the content of soluble sugar significantly increased with the drying time, especially at 9 h of 
drying, the sugar content reached the highest level (Asri et al., 2021). In the present study, the content of soluble 
sugar of C. oleifera seeds had the highest level at 30 d of post-harvest natural drying, which was consistent with 
the report of Brenac et al. (1997). Furthermore, Ling and Zheng (2012) reported that the oil content increased 
but the soluble sugar content gradually decreased during the seed development of C. oleifera, which were 
consistent with our results, that is, the soluble sugar content decreased, but the oil content increased 
significantly at 20-25 d. At the same time, there is a positive correlation between soluble sugar and stearic acid. 
These results suggested that soluble sugar would be gradually converted into oil during the drying process of C. 

oleifera seeds. 
In addition, the accumulation of sugar and protein can provide a carbon frame and energy for the 

synthesis and accumulation of fatty acidsError! Error! Error! Error! Reference source not found.Reference source not found.Reference source not found.Reference source not found.. Roesler et al. (2016) revealed 
that with the decrease of sucrose and soluble sugar content, the oil content increased by at least three percentage 
points, and the protein content also increased slightly in soybean seeds. In the present study, the content of 
soluble sugar increased at a certain rate after post-harvest natural drying. There was an obvious trade-off 
between oil and soluble sugar. These findings were supported by Song et al. (2021). 

 
The change of endogenous hormone content may be due to post-harvest natural drying 

Plant endogenous hormones refer to trace organic substances synthesized by plants themselves that can 
significantly regulate the physiological process of plants even at very low concentrations (Wasternack and 
Hause, 2013; Nguyen et al., 2016). Studies have proved that plant endogenous hormones play important roles 
in the distribution and regulation of carbon assimilation in seeds Error! Reference source not Error! Reference source not Error! Reference source not Error! Reference source not 
found.found.found.found.Srivastava and Handa, 2005). Moreover, drying treatment had significant effects on the content of 
endogenous hormones in plants (Chojnowski et al., 1997; Yang et al., 2008). Adams and Yang (1979) reported 
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that ACC is a precursor of ethylene and the ACC content exhibited the change of ethylene level (Yang and 
Hoffman, 2003; Pech et al., 2010). The research by Chojnowski et al. (1977) indicated that drying enhanced 
the ability of ACC to convert to ethylene. Ethylene promotes oil content and the process of conversion of 
saturated fatty acids to unsaturated fatty acids in C. oleifera seeds (Bhushan and Mandava, 1988). In this study, 
the ACC content of C. oleifera seeds significantly increased after 20 d, and ACC content was positively 
correlated with oil content, which coincided with the reports by Adams and Yang (1979). These results 
suggested that the treatment of natural drying after harvest promoted the transformation of ACC in C. oleifera 
seeds, thereby improving the oil content and unsaturated fatty acid content. SL is a group of carotenoid-derived 
plant hormones that play a key role in plant growth and development (Crawford et al., 2010). Lee and Yoon 
(2020) found that SL could promote the synthesis of ethylene. In this study, the content of SL was significantly 
positively correlated with ACC level. These results suggested that SL affected substance transformation by 
promoting the increase of ACC. SA is a phenolic compound, which is involved in regulating plant growth and 
development (Raskin, 1992). Yu et al. (2021) mentioned that SA and ethylene synergistically promoted leaf 
senescence in Arabidopsis. In this study, there was a positive correlation between the SA and ACC and oil 
content, which were consistent with the reported by Yu et al. (2021). Altogether, the content of endogenous 
hormones of SL, SA, and ACC mainly changed after post-harvest natural drying, and these three endogenous 
hormones could affect the transformation of substances in C. oleifera seeds. 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
In this study, the content changes of soluble sugar, soluble protein, moisture, oil, and endogenous 

hormones of SL, SA, ACC, BR, and MeJA of C. oleifera seeds under the different post-harvest natural drying 
were analyzed. The results suggested that the moisture content decreased with the increase of natural drying 
days, leading to the promotion of post-ripening process. On 30 d, the contents of soluble sugar and oil in C. 

oleifera seeds reached the highest, which soluble sugar content reaching 156.2 mg g–1 (30 d) and the oil content 
reaching 23.6%. The soluble protein reached the highest on 20 d (13.9mg g–1), which was 1.54-fold higher than 
the control group (9.03 mg g–1) and changed little, and unsaturated fatty acids such as oleic acid reached the 
peak and tended to be stable on 30 d. Therefore, drying for 30 d after picking can increase the contents of 
soluble sugar, soluble protein, oil and unsaturated fatty acid of C. oleifera. In addition, the endogenous 
hormones SL, SA, and ACC were positively correlated with the oil content (correlation coefficient > 0.8), and 
these three hormones might promote the formation of oil. Therefore, the balance between endogenous 
hormones after 30 d of post-harvest natural drying is most conducive to the accumulation of large amounts of 
oil. In conclusion, natural drying 30 d after harvests is an effective method to improve the oil content and oil 
quality of C. oleifera seeds. 
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