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Abstract

:

Okicamelliaside (OCS) from Camellia nitidissima Chi (C. nitidissima) leaves can be used in therapeutic drugs or nutritional foods. However, which resin is the best for separating OCS and the underlying mechanism for its superiority remains unclear. In this study, the differences in the adsorption/desorption effectiveness and adsorption kinetics of OCS on five resins were compared. AB-8 was found to be an effective resin for the separation of OCS and the adsorption kinetics followed a pseudo-first order model (R2 > 0.99). In order to optimize the separation of OCS by the resin AB-8, the adsorption time, OCS sample concentration, eluent solvent and volume were tested using a 7 mL column with a diameter of 2 cm. The results showed that the optimum adsorption time was 30 min and the optimum sample concentration was 2.5 mg/mL, while the optimum desorption was achieved by using 2.1 times column volume of 60% ethanol solution. The separation yielded a purified extract with OCS of 290.82 (±2.17) mg/g, which was 6.0 times more than the crude extract (E1, 48.51 (±0.56) mg/g of OCS). This study highlights the use of AB-8 resin for the separation of OCS as an effective technique on the basis of the adsorption/desorption of OCS on the resin. The method has the potential for obtaining green OCS extract with a high OCS content from the crude extract of the leaves of C. nitidissima.
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1. Introduction


C. nitidissima is a precious plant species and is widely sought after for its high ornamental value and beneficial health activities [1,2]. Similar to other members in the Camellia genus, C. nitidissima has abundant phenolic components, saponins, polysaccharides and other substances. Pharmacological studies have shown that C. nitidissima exhibits antioxidant, anti-cancer and anti-hyperglycemic effects [3]. Currently, the utilization of C. nitidissima is focused on the flowers, while the research and development of the leaves has gradually become a hot topic in the field of C. nitidissima in recent years since the leaves (Figure 1a) production is much higher than that of the flowers [4].



OCS (Figure 1b) is present in C. nitidissima leaves and its structure was elucidated as 3,4-dioxoloellagic acid 4′-O-β-D-glucopyranoside [5]. OCS showed a 12,000 times higher anti-degranulation activity than that of the anti-histaminic drug, ketotifen fumarate, tested on RBL-2H3 cells [6], and it significantly inhibited the vascular hyperpermeability in a passive cutaneous anaphylaxis mouse model [7]. The experimental results demonstrated that OCS possesses superior anti-allergic properties. Moreover, OCS has been found as a heat shock protein 90 inhibitor, exerting high antitumor activity and low toxicity in vitro [8] and in vivo [9]. The content of OCS in C. nitidissima leaves ranges from 0.51 (±0.04)% to 1.33 (±0.06)% [8], implying that C. nitidissima leaves are a good source of OCS for health products, a possible way to utilize C. nitidissima leaves. However, studies on the green separation of OCS from C. nitidissima leaves are limited [6,8].



Macroporous resins, as a recyclable and environmentally friendly material [10], are characterised by fast adsorption rates [11] and good adsorption effects. They have been widely used in the food and medicine industry [12]. In addition, previous studies have shown that different adsorption/desorption conditions greatly influence the situation [13]. Therefore, it would be better to optimize the separation conditions to further improve performance [14,15].



In this study, the adsorption/desorption of OCS on different resins were compared and the separation condition with AB-8 resin was optimized to obtain a green OCS extract with high OCS content.




2. Materials and Methods


2.1. Plant Materials


Freeze-dried C. nitidissima leaves were provided by Fujian Century C. nitidissima Technology Co., Ltd., Longyan, China. They were powdered using a mechanical pulveriser (Xichu 800Y, Jinhua, China). The powder (moisture content of 8.87 (±0.10)%) is then manually shaken through a 60-mesh sieve to remove oversized particles ensuring that the powder is well homogenised and in full contact with the extraction solution for full extraction. The leaf powder was stored in a foil bag at −20 °C until use.




2.2. Preparation of Crude OCS Extract E1


A total of 1.00 g of dried leaves powder and 30 mL of ethanol: water (60:40 v/v) were mixed in a beaker and the beaker was placed in an electric thermostatic water bath (Jinghong DK-S26, Shanghai, China) at 80 °C for 10 min to extraction. After completion of the water bath, the extracts were centrifuged (Eppendorf 5810R, Hamburg, Germany) at 8000 rpm for 10 min at 20 °C. The anhydrous ethanol was added to the supernatant to reach a final concentration of 70%. The mixture was precipitated overnight. The supernatant was then concentrated in a rotary evaporator (BUCHI Labortechnik AG V-850 vacuum controller and R-215 rotavapor, Flawil, Switzerland) until all the ethanol in the solution was removed and the rotary evaporation ended. The concentrate was then freeze-dried to give the final crude extract E1. E1 is powdered and yellow-brown in color.




2.3. Reagents


OCS standard was purchased from Yuanye Bio-Technology Co., Ltd. (Shanghai, China). AB-8 and D101 macroporous resins were purchased from Macklin Biochemical Co., Ltd. (Shanghai, China). DM130, HPD100 and NKA-9 macroporous resins were purchased from Solarbio Science & Technology Co., Ltd. (Beijing, China). Pure water was purchased from Wahaha Group Co., Ltd. (Hangzhou, China). Ethanol was purchased from Yonghua Chemical Technology Co., Ltd. (AR, Suzhou, China).




2.4. Analysis of OCS Using the UHPLC-Q Exactive Orbitrap-MS Method


The ultrahigh-performance liquid chromatography-Q Exactive Orbitrap-mass spectrometry (UHPLC-Q Exactive Orbitrap-MS) analysis method was an adaptation based on previous work in our group [16,17]. Infusions were filtered through a 0.45 µm Millipore filter before injection to an UHPLC-Q Exactive-MS system (Thermo Fisher Scientific, Rockford, IL, USA). The injection volume was 3 μL. The separation was carried out, using an ACQUITY UPLC HSS T3 column (1.8 μm, 2.1 mm × 100 mm, Waters, Milford, MA, USA) and the temperature was maintained at 40 °C. Mobile phase A was H2O with 0.1% FA and mobile phase B was acetonitrile. The elution gradient started with 5% phase B and was linearly increased to 10% B at 2 min, then continued to increase to 35% B at 6 min to 100% B at 8.5 min and maintained for 1 min, finally decreased to 5% B at 10 min and maintained for 2 min. The total analysis time was 12 min and the flow rate was 0.3 mL/min.



The MS condition was set at the negative ion mode as follows: the scan range was mass-to-charge ratio (m/z) 66.7–1000, the spray voltage was 3.1 kV, the normalized collision energy was 30%, and the flow rate of sheath gas and auxiliary gas was 45 and 10 (in arbitrary units). The temperatures of capillary and auxiliary gas heater were set at 320 °C and 300 °C, respectively. The m/z of OCS is 475.0513. Under these conditions, the conversion formula for peak area to content was calculated as: OCS (mg/mL) = area/(4 × 10−7).




2.5. Optimization of the Separation Conditions of OCS


2.5.1. Selection of Macroporous Resin


Five macroporous resins (Table 1), including HPD100, D101, DM130, AB-8 and NKA-9, with different polarities were employed to evaluate their suitability in separating OCS. The adsorption/desorption capacity, adsorption/desorption rate and the fitting model for the adsorption kinetics of each resin were investigated.



The resins were soaked in 95% ethanol for 24 h, the pH of HPD100, D101, DM130, AB-8 and NKA-9 resins at equilibrium are 8.33 (±0.13), 7.45 (±0.67), 9.14 (±0.17), 7.35 (±0.34) and 8.80 (±0.33), respectively. After washing with pure water, resins were dried with a water-circulation multifunction vacuum pump (Great Wall Scientific Industry and Trade SHB-Ⅲ, Zhengzhou, China).



To define the adsorption capacity for OCS, 5.0 g of each dried resin was weighed into a beaker and then 50 mL of 10 mg/mL crude extract E1 solution was added. The beaker was shaken for 10 h using an orbital shaker (Qilinbeier KB-900, Haimen, China) at 120 r/min until static adsorption equilibrium was reached. The content of OCS in the solution was analyzed every 30 min for the first 5 h and then every 60 min for the other 5 h. The adsorption capacity (1) and adsorption rate (2) were calculated using the following equations:


   Qe =      C 0  −  C 1       M 1      ×  V 1    



(1)






   A =      C 0  −  C 1       C 0      × 100 %   



(2)




where Qe is the adsorption capacity at adsorption equilibrium (mg/g); C0 and C1 are the initial concentration and adsorption equilibrium concentration of OCS in solution (mg/mL), respectively; V1 is the volume of crude extract E1 solution (mL); M1 is the weight of resin (g); and A is the adsorption rate at adsorption equilibrium (%).



After adsorption, 3.0 g of adsorption-saturated resin was mixed with 100 mL of 90% ethanol solution and then shaken for 12 h at 120 r/min until static desorption equilibrium was reached. The desorption capacity (3) and desorption rate (4) were calculated using the following equations:


   Qe ’ =      C 2   V 2       M 2      



(3)






   D =      C 2   V 2      (  C 0  −  C 1  )  V 1      × 100 %   



(4)




where Qe’ is the desorption capacity at desorption equilibrium (mg/g); D is the desorption rate at desorption equilibrium (%); C2 is the concentration of OCS in desorption solution (mg/mL); V2 is the volume of desorption solution (mL); and M2 is the weight of resin (g).



In order to evaluate the adsorption kinetics, the obtained results were fitted using two widely used kinetic models, the pseudo-first-order (5) and pseudo-second-order models (6):


Ln (Qe − Qt) = −k1t + lnQe



(5)






   t  Qt    =   1    k 2  Q  e 2      +   t  Qe    



(6)




where Qt is the adsorption capacities at time (mg/g); t is time (min); k1 is the rate constants of the pseudo-first-order models (min−1); k2 is the rate constants of the pseudo-second-order models (g/(mg·min)) [18].



The fit of each model to the experimental data was estimated using the linear regression correlation coefficient (R2) [19].




2.5.2. Measurement of the Dynamic Adsorption of the Optimal Resin


Dynamic breakthrough curve experiment was carried out as follows: the column (20 × 100 mm) was wet packed with 5.0 g of the optimal macroporous resin (AB-8), and 1–2 bed volume (BV) was eluted with pure water to eliminate bubbles in the column [20,21]. A 5 mg/mL crude extract E1 solution was uniformly added with a peristaltic pump (Lead Fluid BT103S-YZ15, Baoding, China) at a flow rate of 2 mL/min until the macroporous resin was adsorbed and saturated; the content of OCS in the effluent was analyzed every 5 min. The leakage point and saturation point were defined as the point when the content of OCS in the effluent reaches 10% and 100% of that in the initial solution, respectively.



To investigate the effect of adsorption time and sample concentration on the adsorption performance of AB-8, the pre-treatment was the same as above. A 5 mg/mL crude extract E1 was adsorbed for different time (10, 20, 30, 40 and 50 min), and 60 mL of crude extract E1 with different concentrations (2.5, 5, 7.5, 10 and 12.5 mg/mL) were adsorbed for 30 min. The content of OCS in each eluted solution was determined.




2.5.3. Measurement of the Dynamic Desorption of the Optimal Resin


Dynamic desorption was performed after dynamic adsorption equilibrium. To investigate the effect of ethanol content on the desorption performance of AB-8, the column (20 × 100 mm, 7 mL) was eluted with five different ethanol solutions (30, 40, 50, 60 and 70%) at a flow rate of 2 mL/min to recover the adsorbate; the elution volume of each column was constant by being maintained at 15 mL. To investigate the effect of elute volume, different volume of 60% ethanol (5, 10, 15, 20 and 25 mL) were utilized to desorb the OCS at the same rate as above. The content of OCS in each eluted solution was determined.



To obtain the elution curve, after adsorptive equilibrium, the column was eluted with 60% ethanol at a speed of 2 mL/min. The effluent was collected in the same tube every 3 mins. The collection was stopped when the effluent was colorless. The content of OCS in each collected tube was measured.





2.6. Validation Experiment


According to the method and experimental results in 2.5., 5.0 g of the pretreatment of AB-8 resin was weighed into a column (20 × 100 mm, 7 mL) and eluted with pure water until no air bubbles were present. A total of 10 mL of crude extract E1 solution (2.5 mg/mL) was added uniformly at a flow rate of 2 mL/min. The column was desorbed with 60% ethanol solution at a flow rate of 2 mL/min for 15 mL. The eluate was concentrated in a rotary evaporator to remove all the ethanol from the solution and then freeze-dried to obtain a further refined extract E2 and the content of OCS was determined.




2.7. Statistical Analysis


All the data are presented as mean ± standard deviation. Figures were plotted using GraphPad Prism 8.0.2. The parameters of the adsorption kinetic model were calculated by Origin 2022b.





3. Results and Discussion


3.1. Screening of Optimal Resin


The adsorption/desorption capacity and rate are regarded as the main benchmarks for selecting resins [19]. Here, the OCS adsorption/desorption capacity and rate of five resins, including HPD100, D101, DM130, AB-8 and NKA-9, were investigated.



3.1.1. The Adsorption Capacity and Rate of Five Resins


Adsorption capacity describes the amount of OCS adsorbed on each gram of resin. Adsorption rate is the percentage of OCS adsorbed by the resin from the extraction [22]. Figure 2a shows that the adsorption capacity of the five resins was in descending order: AB-8 > HPD100 > NKA-9 > D101 > DM130. AB-8 had the highest adsorption capacity and rate of 2.80 (±0.14) mg/g and 82.39 (±4.16)%, respectively. HPD100, NKA-9 and D101 followed closely; their adsorption capacities ranged from 2.29 to 2.52 mg/g and adsorption rates were all above 70%. Overall, the adsorption of these four resins was relatively good. The DM130 resin had an adsorption capacity of less than 2.00 mg and were significantly less effective than the remaining four.



The interactions of the solute and resin is a physical process, in which van der Waals forces, hydrogen bonding, and π-π conjugation are involved [21,23]. Since polyphenols are polar macromolecules with hydrogen donors and functional groups (phenolic hydroxyl, carbonyl, methoxy groups etc.) [24], weak polar and polar resins have better adsorption characteristics on polyphenols than non-polar resins [25]. The adsorption capabilities of resins are also related to the pore diameter and specific surface area of the resins [22]. The large specific surface area facilitates adsorption, which explains why the adsorption of NKA-9 is lower than the other four resins. The large mean pore size facilitates the passage of molecules [26]. The mean pore size shows a positive correlation with the adsorption/desorption capacity. Although HPD100 and D101 have similar polarities, HPD100 provides a higher mean pore size leading to a better adsorption capacity of OCS. Similar phenomena was also observed for AB-8 and DM130.




3.1.2. The Desorption Capacity and Rate of Five Resins


Desorption capacity describes the amount of OCS desorbed on each gram of OCS-saturated resin. Desorption rate is the percentage of OCS desorbed from the resins by the desorbing solvent [22]. Figure 2b shows the desorption capacity and rate of the five resins. Among the five resins, the highest desorption capacity and rate was AB-8, which were 1.60 (±0.08) mg/g and 56.99 (±2.69)%, respectively. It may be attributed to the large mean pore size. The polarity of the resin may also affect the desorption capacity. NKA-9, which had a larger mean pore size than AB-8, did not have a stronger desorption capacity of OCS. This is likely due to the fact that NKA-9 was a polar resin and had a strong interaction with the hydroxyl groups in the OCS molecules, making it difficult to desorb. HPD100 and D101 were second only to AB-8 in terms of desorption capacity. The resin with the highest desorption capacity did not assure a high desorption rate because the five resins had different adsorption capacities, i.e., different C1 in Equation (4). It explains why HPD100 had a higher desorption capacity but a lower rate than D101. The desorption capacity of DM130 was less than 1.00 mg/g but the rate was 44.42 (±1.44)% due to the low adsorption capacity of the resin.




3.1.3. Adsorption Kinetics of OCS


The adsorption capacity and rate reflect the adsorption characteristics of resins at equilibrium. The adsorption of a substance by the resin is a dynamic process, which is usually non-linear and consists of different stages. In general, due to mass transfer in the boundary layer, molecules are diffused into the pores of the adsorbent and/or are adsorbed by the surface-active sites of the adsorbent [27]. In order to clarify the diffusion process of particles in macroporous resins, Lagergren first proposed the PFO model in 1898 [28], which is divided into pseudo-first-order and pseudo-second-order models [29]. The pseudo-first order model is generally more applicable to the initial adsorption process, whereas the pseudo-second order model is able to predict the state of the entire adsorption process and considers chemisorption to be important in the adsorption process [30].



The adsorption kinetics of OCS from crude extract E1 with five resins are shown in Figure 3. The adsorption quantity increased with time but the rate of adsorption tends to increase and then slow down with time. The AB-8 resin had the highest adsorption capacity but the slowest increase in OCS adsorbed in the first 90 min. It also took the longest to reach equilibrium, which was approximately 300 min. The HPD100 resin showed the fastest adsorption rate in the early stages, followed by NKA-9. After 150 min, only a minor change was observed because the surface binding sites of the macroporous resin were mostly saturated. This meant that the HPD100 and NKA-9 resins basically reached equilibrium after 150 min. The early adsorption rates of D101 and DM130 resins were higher than those of AB-8 but the adsorption equilibriums were reached more quickly and the adsorption was almost completed after 120 min, so the overall adsorption capacities were slightly lower than AB-8.



The experimental data were fitted to both models to test which model better described the adsorption process of OCS. The diagram of the pseudo-second-order model transformation is in Figure 4. The equations of kinetics models and dynamic parameters are in Table 2. A higher correlation coefficient represents a higher degree of agreement between the experimental and calculated values, which means that the resin is more similar to whichever class of model it fits. Clearly, AB-8 resin is more suitable for a pseudo-first order model. However, the correlation coefficients of AB-8 resin for both models were close to 1 (R2 > 0.99), indicating that both models were good predictors of the kinetics of OCS adsorption by AB-8 macroporous resin. For the other four resins, the pseudo-second-order model seems to be a better fit. This suggests that the adsorption process of OCS on the resins may be a chemisorption process. Previous studies indicated that the absorption kinetics of polyphenols by resins tended to fit the pseudo-second-order model. Wang et al. [31] found that the adsorption process of AB-8 and HPD100 resins in the separation of total flavonoids of Acanthopanax senticosus was in accordance with the pseudo-second-order model. Additionally, Si et al. [32] considered that the kinetics of the adsorption of D101 macroporous adsorbent resin from aqueous solution on the phloridzin was in accordance with the pseudo-second-order model. Our results provided more evidence of the perspective.



Both the adsorption/desorption characteristics and adsorption kinetic results indicated that AB-8 was the best choice for the purification of OCS among the five tested resins. The pseudo-first-order model accurately described the adsorption process (R2 > 0.99), which further explained and supported the kinetic mechanism of OCS purification by AB-8 from a theoretical perspective.





3.2. Dynamic Adsorption/Desorption of AB-8 Resin


3.2.1. Dynamic Adsorption of AB-8 Resin


The above experiments were carried out under static adsorption/desorption conditions. However, the actual separation of OCS using the column chromatography takes place under dynamic adsorption/desorption conditions. At the beginning, molecules are easily adsorbed by the resin, due to its large surface area and highly porous structure, but as the adsorption continues, the adsorption capacity of the resin starts to decrease and gradually it cannot hold all the target molecules and the solute starts to leak [22]. The OCS concentration in the initial E1 solution (5 mg/mL) was 0.24 mg/mL. The concentration of OCS in the leaking solution reached 10% of the original solution as the leakage point and 100% as the saturation point in this study, i.e., the leakage point and saturation point were reached at 10 and 100 min, respectively (Figure 5a). This meant that the adsorption capacity of AB-8 kept at the first 10 min and then gradually decreased. The dynamic equilibrium of adsorption and desorption of OCS occurred at 100 min, after which it was meaningless to extend the adsorption time even further.



Previous studies suggested that the dynamic adsorption rate was affected by the adsorption time and sample concentration [13,33]. Results demonstrated that increasing the adsorption time led to higher adsorption rate to some extent (Figure 5b). When the adsorption time was 10 min, the adsorption rate was only 56.61 (±2.28)%. The rate reached 92.31 (±1.85)% when the time was increased to 30 min, which was about 1.6 times higher than the former. As the adsorption time increased, the substance was given more opportunity to interact with the resin and consequently increased the adsorption rate. However, the adsorption capacity was limited, so the adsorption rate no longer increased after 30 min. In contrast to adsorption time, the sample concentration was negatively correlated to the adsorption rate (Figure 5c). At a sample concentration of 2.5 mg/mL, the adsorption rate was approximately 83.70 (±2.40)%. While the sample concentration was 12.5 mg/mL, the adsorption rate dropped to only 63.35 (±1.91)%. A high sample concentration meant that more adsorbent molecules interacted with the active center of the resin at the same time [34]. However, if the sample concentration was too high, in which the condition of the number of molecules exceeded the adsorption capacity of the resin, a negative relationship between the sample concentration and the adsorption rate could be drawn.




3.2.2. Dynamic Desorption of AB-8 Resin


The dynamic desorption rate depends on the eluent, elution volume and others [35,36]. The results showed that the ethanol content of the eluent had a strong influence on the desorption of OCS (Figure 6a). When the ethanol content was 30%, the desorption rate was only 31.16 (±1.64)%. As the ethanol content continued to increase, the desorption rate also increased, reaching 79.94 (±2.74)% when the ethanol content of the eluent was 60%. The resin elution is in fact a contest of forces between the substance to be separated, the macroporous resin and the elution solvent. When the ethanol content increases, the solubility of the target organic increases on the one hand, and the swelling of the macroporous resin increases on the other, so that the target organic is easily dissolved in the elution solvent and eluted. The effect of the elution volume on the desorption performance of AB-8 showed an increase followed by a plateau (Figure 6b), with the desorption rate above 80% when the elution volume exceeded 15 mL, achieving a relatively good desorption. The increase in elution volume represented an increase in elution time and more opportunity for the resin to interact with the eluate, thus increasing the resolution rate. However, the residual amount of OCS in the resin gradually decreased, so the desorption no longer increased significantly after elution volumes above 15 mL.



After the adsorption phase, dynamic desorption was carried out using a 60% ethanol solution at a flow rate of 2 mL/min. The desorption curve of OCS with AB-8 resin (Figure 6c) suggested that the amount of desorbed OCS reached the maximum when the elution volume was 18 mL and then began to decrease, indicating that OCS desorbed fast in the early stages. The desorption ended when the elution volume was 78 mL. It was notable that when the elution volume was bigger than 48 mL, the OCS content in the effluent was already lower than 0.05 mg/mL because the content of remaining OCS in the resin was limited and, therefore, desorption is considered to be essentially complete at this point.



After optimization of the column separation conditions for E1, the results of the study showed that the optimum adsorption time and sample concentration were 30 min and 2.5 mg/mL for the 7 mL of column, respectively. The best desorption was achieved by an elution with 15 mL of 60% ethanol solution.




3.2.3. Validation Experiment Results


Based on the above experimental results, a column model with the same experimental conditions as above was developed to pass the 2.5 mg/mL of E1 solution through the column using optimal adsorption/desorption conditions. The collected 15 mL of eluate was concentrated in a rotary evaporator to remove all the ethanol from the solution and then freeze-dried to obtain a further refined extract E2. E2 is powdered, yellow in color and contains 290.82 (±2.17) mg/g of OCS, which was 6.0 times higher than E1 (48.51 (±0.56) mg/g of OCS). All the above figures showed the effectiveness of the optimization.



In addition to this, in contrast to the first OCS extraction by Japanese scholars, who used toxic reagents and three fillers (Diaion HP-20, Wakogel 50C18 and Toyopearl HW40F) to isolate OCS from Camellia japonica [5], the method proposed in this study is greener, simpler and faster. Currently, the available literature on the purification of OCS from C. nitidissima leaves is very limited and there is a lack of theory and understanding of the kinetics of OCS adsorption on resins. This study describes the rationale for the selection of AB-8 and systematically investigates the various adsorption/desorption characteristics of AB-8 on OCS and attempts to determine the optimum conditions. In conclusion, this study provides a theoretical basis for the application of OCS in food and pharmaceuticals.






4. Conclusions


In this study, the adsorption/desorption characteristics of OCS on five resins were investigated based on the adsorption/desorption equilibrium and adsorption kinetics. AB-8 resin was found to be an effective resin to adsorb OCS, which followed a pseudo-first-order kinetic model (R2 > 0.99). On this basis, the optimum adsorption/desorption conditions were further determined; it was found that the optimum adsorption time and sample concentration were 30 min and 2.5 mg/mL, respectively, while the optimum desorption was achieved by using 2.1 times the column volume of 60% ethanol solution. The separation by using AB-8 resin could increase the OCS content of the extract from 48.51 (±0.56) mg/g to 290.82 (±2.17) mg/g. This has the potential to prepare a green OCS extract with high content from the leaves of C. nitidissima for health products, providing some theoretical basis for the application of OCS in food and pharmaceuticals. It likewise suggests new ideas for the utilization of C. nitidissima leaves.
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Figure 1. (a) Camellia nitidissima Chi leaf; (b) Okicamelliaside structure diagram. 
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Figure 2. (a) Adsorption and (b) desorption capacity and rate on 5 resins. 
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Figure 3. Adsorption kinetic curve of OCS from extraction of C. nitidissima Leaves with 5 resins. 
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Figure 4. Diagram of pseudo−second−order models transformation. 
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Figure 5. (a) Dynamic breakthrough curve of OCS with AB-8 resin; effect of (b) adsorption time and (c) sample concentration on AB-8 adsorption performance. 
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Figure 6. Effect of (a) eluent concentration and (b) eluent volume on AB-8 desorption performance; and (c) dynamic desorption curve of OCS with AB-8 resin. 
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Table 1. Physical properties of the tested resins in this study.
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	Trade Name
	Specific Surface

Area (m2/g)
	Particle Size (mm)
	Mean Pore Size (nm)
	Polarity Type





	HPD100
	400–600
	0.30–1.20
	10.0–12.0
	Non-polarity



	D101
	650–700
	0.30–1.25
	8.5–9.0
	Non-polarity



	DM130
	500–550
	0.30–1.25
	9.0–10.0
	Weak polarity



	AB-8
	480–520
	0.30–1.25
	13.0–14.0
	Weak polarity



	NKA-9
	250–290
	0.30–1.25
	15.5–16.5
	Polarity
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Table 2. Pseudo-first-order and pseudo-second-order model equations and dynamic parameters.
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Resins

	
Dynamic Equation

	
Transforming Formulas

	
R2

	
Dynamic Parameters






	
HPD100

	
Ln(Qe − Qt) = −k1t + lnQe

	
y = 235.00760 × (1 − exp(−0.02849 × x))

	
0.89576

	
k1 = 0.02849

k2 = 0.00020




	
    t  Qt    =   1    k 2  Q  e 2     +  t  Qe     

	
y = 0.07866 + 0.00397x

	
0.99994




	
D101

	
Ln(Qe − Qt) = −k1t + lnQe

	
y = 207.69370 × (1 − exp(−0.02315 × x))

	
0.87176

	
k1 = 0.02315

k2 = 0.00020




	
    t  Qt   =  1    k 2  Q  e 2      +   t  Qe     

	
y = 0.13072 + 0.00436x

	
0.99947




	
DM130

	
Ln(Qe − Qt) = −k1t + lnQe

	
y = 172.60070 × (1 − exp(−0.03116 × x))

	
0.93574

	
k1 = 0.03116

k2 = 0.00030




	
    t  Qt   =  1    k 2  Q  e 2     +  t  Qe     

	
y = 0.09759 + 0.00543x

	
0.99956




	
AB-8

	
Ln(Qe − Qt) = −k1t + lnQe

	
y = 250.03747 × (1 − exp(−0.01195 × x))

	
0.99766

	
k1 = 0.01195

k2 = 0.00006




	
    t  Qt   =  1    k 2  Q  e 2     +  t  Qe     

	
y=0.20347+0.00357x

	
0.99633




	
NKA-9

	
Ln(Qe − Qt) = −k1t + lnQe

	
y = 233.43601 × (1 − exp(−0.02133 × x))

	
0.99423

	
k1 = 0.02133

k2 = 0.00019




	
    t  Qt   =  1    k 2  Q  e 2     +  t  Qe     

	
y = 0.08610 + 0.00405x

	
0.99909
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