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Abstract:
This paper aims to investigate the synergistic effects in moisturizing activity and antioxidant activity between the promising unconventional polysaccharide and flavonoids from stems of Trollius chinensis Bunge (TCS). The results showed that the mixture with the mass ratio (w/w) of 7:3 (flavonoids to polysaccharides) appeared better moisture retention (73.08 ± 2.4%) and scavenging effects on·OH radicals (85.46±0.52 %). Meanwhile, the mixture with the mass ratio (w/w) of 3:7 (flavonoids to polysaccharides) unveiled better scavenging effects on DPPH radicals (44.10±0.81%) and reducing capacity. The results confirmed that the polysaccharides and flavonoids from TCS have good synergistic effects in moisturizing activity and antioxidant activity, and have the potential to be used in the food industry as edible films or edible packaging materials.
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1.Introduction
Trollius chinensis Bunge (TC), which belonged to Ranunculaceae, is a kind of Chinese traditional medicinal crop. Modern pharmacological research have verified the pharmacological effects of TC to treat colds, respiratory infections, tonsillitis, pharyngitis and so on (Liang et al., 2019; Guo et al., 2021). This is because the flowers of TC are rich in active chemical components, such as flavonoids, polysaccharides, and organic acids (Yan et al., 2019). Among them, the flavonoids (about 16%) in dried flowers are always considered to be the most important active ingredients (Yan et al., 2019). Polysaccharides from TC may be another main effective component, although the extract yield is only about 1%-5% (Liu et al., 2013; Witkowska-Banaszczak, 2015; Yan et al., 2019). In addition to the important role of the polysaccharide structure, some polysaccharides may be combined with flavonoids to play a certain synergistic role in moisturization and antioxidation (Guo et al., 2017; Lam et al., 2016; Liu et al., 2013; Wei et al., 2017; Witkowska-Banaszczak, 2015). Nevertheless, the petals of TC are used as a medicinal resource at high price, while the stems of TC are often discarded as wastes after the petals are harvested. Notably, it is confirmed that some types and contents of active substances (e.g. flavonoids and polysaccharides) are close to or even higher than those in petals of TC. Unfortunately, the current research focuses on petals of TC (TCP) but provides little information on the effective components in the stems of TC (TCS). It is confirmed that some types and contents of active substances (e.g. flavonoids and polysaccharides) are close to or even higher than those in TCP (Su et al., 2012). 
This study is aimed to investigate the potential synergistic antioxidative and moisturizing activity between polysaccharides and flavonoids in the discarded stem of Trollius Chinensis Bunge. This study may provide a promising unconventional polysaccharide and flavonoids from TCS as humectants or anti-oxidant for food industry, and also provide effective ways to improve the comprehensive utilization of TC.      
2.Materials and methods
2.1. Materials 
The TCS was gained from the market in Yakeshi city (located in Northeast of China, 47º39’- 50º52’ N, 120º28’- 122º29’ E), Inner Mongolia Autonomous Region, China, in 2019. The average altitude in the study area is 1100 -1400 m, the annual average temperature and rainfall are - 2.8 ºC and 746 mm, respectively. The plant species belonged to Trollius ledebouri Reichb, as identified by Prof. Mingzhu Zheng at Jilin Agricultural University (Changchun, Jilin, China). The stems were dried and ground through a 40-mesh sieve. The stems were dried and ground through a 40-mesh sieve.
2.2. Extraction of crude polysaccharides and crude flavonoids from stems of TC 
The crude polysaccharides from TCS were extracted via water-extraction method. According to previous study of our team, the best extraction optimum conditions were as follows: material-liquid ratio, 1:60 (g/mL), temperature, 80 ºC, and extraction time, 3 h. Then the extraction solution was filtered, and the filtrate was concentrated to 1/5 of the original volume by rotation evaporator (DK-98, Tianjin Tiantai Instrument Co., Ltd) at 65℃. Then 95% ethanol (v/v) was added the concentration solution until the ethanol content declined to 80% (v/v). Then the solution was kept at 4 ºC for about 12 h to precipitate polysaccharides. Then the precipitate was centrifuged (4000×g) for 10 min by centrifuge (TGL-16M, XiangYi Centrifuge Instrument Co., Ltd, China). The proteins in the crude polysaccharide was removed by Sevag method for at 3 times, the water phase was dialyzed against distilled water to remove salts about for 3 days (Wei et al., 2018 ). After freeze drying, the crude polysaccharide powder from TCS was obtained.
The crude flavonoids from TCS were extracted via ethanol-extraction method. According to previous study of our team, the best extraction optimum conditions were as follows: material-liquid ratio, 1:60 (g/mL), temperature, 70 ºC, and extraction time, 3.5 h. Then the extraction solution was filtered, and the filtrate was concentrated to 1/5 of the original volume by rotation evaporator (DK-98, Tianjin Tiantai Instrument Co., Ltd) at 65℃. Then 5 times the volume of 95% ethanol was added to concentrated solution for 12 h at 4℃, the mixed solution was centrifuged (4000×g) again for 10 min by centrifuge (TGL-16M, XiangYi Centrifuge Instrument Co., Ltd, China). After filtered, the filtrate was concentrated to 1/5 of the original volume at 65℃. After freeze drying, the crude flavonoid powder from TCS was obtained.
The yield (w/w) of crude polysaccharides and flavonoids were calculated by Eq.(1):
                                                      (1)  
where M is the weight of crude polysaccharides or the flavonoid; W (g) is the weight of the TC powder. 
2.3. Concentration determination
The chemical composition concentration of the crude polysaccharide and flavonoid were determined. The content of crude polysaccharides was measured by the phenol-sulfuric acid method (Dubois et al., 1956). The content of crude flavonoid was measured by the sodium nitrite aluminum nitrate method (Yang et al., 2015). 
2.4. Determination of the compound ratio of polysaccharides and flavonoids 
The concentration gradient ratio of polysaccharides and flavonoids of TCS is based on the research of Wang (2018) with slight modifications. The concentration of the sample solution for antioxidant activity evaluation was determined to be 0.5 mg/mL, the concentration gradient mass ratio (w/w) of flavonoids and polysaccharides is set as 1:0, 9:1, 7: 3, 5: 4, 4: 5, 3: 7, 1: 9, and 0: 1. The concentration of the sample solution for moisture retention evaluation was determined to be 5%.
2.5. Moisture retention ability
For evaluation of moisture retention, the samples were added with 20 mL of distilled water and put into a silica gel (43% RH) desiccator at 25 ºC for 24 h (Li et al., 2011). The moisture retention rate (Rh) was measured as follows: 

                                   (2)
where H0 and H1 are the water weights in the sample before and after being put in the desiccator at 25 ºC for 24 h, respectively. Glycerol of 5% will be used as a control. 
2.6. Antioxidant activity in vitro
2.6.1. Determination of reducing capacity
The determination of reducing capacity is based on the research of Lu(2014) . All the sample solutions (each 1 mL) at 0.1, 0.3, 0.5, 0.7 and 0.9 mg/mL were placed in separate tubes. Then, 0.2 mM PBS (pH 6.6, 2.5 mL) and a potassium ferricyanide solution (1%, w/v, 2.5 mL) were added to each tube. After uniformly mixed, the tubes were placed in a thermal insulator at 50 ºC for 10 min, and the mixture was cooled rapidly. After the addition of 2.5 mL of a 10% trichloroacetic acid solution, each tube was centrifuged at 3000 r/min for 10 min. Then distilled water (2.5 mL), 2 mL of the supernatant, and ferric chloride solution (1%, w/v, 0.5 mL) were added to each test tube. The mixed solution reacted for 20 min at room temperature in the dark. Then the mixed solution was centrifuged again and the supernatant was measured for UV absorbance at 700 nm.
2.6.2. Diphenyl picryl hydrazinyl (DPPH) radical scavenging activity
The determination of DPPH radical scavenging activity is based on the research of Chen (2019). All the sample solutions (each 1 mL) at 0.1, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL were placed in separate tubes, which were all added with a DPPH ethanol solution (2 mL, 0.1 mmol/L). The mixed solutions were then well shaken. After 30 minutes of light-shielding reaction at room temperature, the absorbance at 517 nm was determined. A blank sample was treated with distilled water instead of a polysaccharide solution. The Vc with the same concentration gradient was used as the comparison and detected. The scavenging rate was calculated as follows:

                                           (3)
where A0 and A1 are the absorbance values of the blank sample and the test sample respectively.
 2.6.3. Hydroxyl radical scavenging rate
The determination of hydroxyl radical scavenging activity is based on the research of Kanno (2021). All the sample solutions (each 1 mL) were placed in the test tubes, 1.0 mL of FeSO4(6 mmol/L) solution was added in test tubes, and then 1.0 mL of 6 mmol/L hydrogen peroxide solution was added to every tube. The mixture is fully shaken, then 1.0 mL of 6 mmol/L salicylic acid (with 50% alcohol as solvent) was added, let stand for 30 min. The absorbance of the mixture solution was measured at 510 nm. The hydroxyl radical scavenging rate was calculated with the following formula (4).
[image: ]              (4)
where A0 is the absorbance value of the blank group; A1 is the absorbance value of the test group; A2 is the absorbance value of the control group.
2.7. Statistical analysis
Statistical differences were analyzed by one-way analysis of variance (ANOVA) followed by Duncan’s multiple range test to determine significant differences on SPSS 17.0. A p-value of p < 0.05 was considered to be statistically significant.
3. Results and discussion
3.1. Moisture retention
The flavonoids and polysaccharides contents of TCS are 6.35±0.09% and 3.36±0.25%, respectively. The moisture retention rate (Rh) of samples with different compound mass ratios of flavonoids and polysaccharides were shown in Fig. 1. There are significant differences (P < 0.05) in moisture retention among the samples. It can be learned from Fig. 1, the Rh (73.08 ± 2.40%) of the sample with 7:3 (flavonoids to polysaccharides) appeared better moisture retention (P < 0.05) than the other samples with different compound ratios of flavonoids and polysaccharides, while, showed weaker moisture retention (P < 0.05) than that of 5% glycerol (85.78 ± 2.45%). When the mass ratio of flavonoids to polysaccharides was set as 7:3, although the Rh of the sample was still weaker than that of 5% glycerol, the extracts from Rosa rugosa petal (Zhang et al., 2019), and Nymphaea hybrid (Cong et al., 2018), the Rh of sample showed better moisturizing activity than that of polysaccharide fractions obtained from onion (Zhu et al., 2017). 
[image: Fig 1]
Fig.1. The moisture retention rate (Rh) of samples with different mass ratios of flavonoids and polysaccharides. Different lowercase letters represent significant differences between groups (P < 0.05)
3.2. Antioxidant activity 
The antioxidant activity of samples with different compound mass ratios of flavonoids and polysaccharides is shown in Figure 2. The reducing capacity was measured and presented in Fig. 2A. A higher absorbance value at 700 nm shows a stronger reducing capacity. It can be seen from Figure 2A that the absorbance of polysaccharides in TCS is significantly higher than that of flavonoids in TCS. With the increase of the proportion of polysaccharides, the absorbance of the complex concentration gradually increases. The reducing capacity (the absorbance value 1.31±0.01) of the sample with the mass ratio of 3:7 (flavonoids to polysaccharides) appeared the highest reducing capacity (P < 0.05), followed by 7:3, 5:4, and 4:5 (flavonoids to polysaccharides). To further unveil the potency of solutions with different ratios as natural antioxidants, their scavenging effects on DPPH and ·OH radicals were determined and shown in Fig. 2B–C. As shown in Fig. 2B, the sample with 3:7 (flavonoids to polysaccharides) appeared the highest DPPH radical-scavenging rate (44.10±0.81%) (P < 0.05), followed by flavonoids, the sample with 4:5, 1:9, and 5:4 (flavonoids to polysaccharides). The polysaccharides, the sample with 7:3, 9:1 showed the lowest DPPH radical-scavenging level, and there was no significant difference among the 3 samples (P > 0.05). As for·OH radicals, they are one of the most active reactive oxygen species, which may cause serious damage to adjacent biological macromolecules. It can be seen from Figure 2C, the·OH radical-scavenging rates of the sample with 7:3 showed the highest level (85.46±0.52 %), other samples ranked in the order: flavonoids > 9:1 > 5:4 > 4:5 > 3:7 > polysaccharides > 1:9. It is worth noting that the sample with the mass ratio of 7:3 (flavonoids to polysaccharides) shows better·OH radical-scavenging and the moisturizing retention activity. While, the sample with 3:7 (flavonoids to polysaccharides) shows better DPPH radical-scavenging and the reducing capacity. A large number of studies have confirmed that flavonoids are the main active substances in TC, which have significant effects on antioxidation, bacteriostasis and so on (Yan et al., 2019; Liang et al., 2019; Guo et al., 2021). Interestingly, these results confirmed that flavonoids mixed with polysaccharides from TCS in a certain mass ratio exhibited good synergistic effects in antioxidant activities, compared with the flavonoids or polysaccharides from TCS, extracts of Osmanthus fragrans (Li et al., 2015), Yerba mate polysaccharide (Kungel et al., 2018), and potato peel polysaccharide (Jeddou et al., 2016). Overall, these results demonstrated that the flavonoids and polysaccharides from TCS showed a certain synergistic antioxidant and moisture retention activities.
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Fig. 2. The antioxidant activity of samples with different compound mass ratios of flavonoids and polysaccharides. Different lowercase letters represent significant differences between groups (P < 0.05)
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3. Conclusions
The flavonoids and polysaccharides are the two main active components in stems of Trollius Chinensis Bunge. The results have shown that the mixture with the mass ratio (w/w) of 7:3 (flavonoids to polysaccharides) appeared better moisture retention (P < 0.05) and scavenging effects toward·OH radicals than the other samples with different mass ratios of flavonoids and polysaccharides. Meanwhile, the mixture with the mass ratio (w/w) of 3:7 (flavonoids to polysaccharides) unveiled better scavenging effects on DPPH radicals and reducing capacity than the other samples with different compound ratios of flavonoids and polysaccharides. These results confirmed that crude polysaccharides and flavonoids mixed in a certain ratio exhibited good synergistic effects in antioxidant and moisturizing activities. This study may provide a promising unconventional polysaccharide and flavonoids from TCS as humectants or anti-oxidant for edible film or edible packages, and also provide effective ways to improve the comprehensive utilization of TC.      
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