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Abstract

:

Soybean sprouts are among the healthiest foods consumed in most Asian countries. Their nutritional content, especially bioactive compounds, may change according to the conditions of germination. The purpose of this study was to test the effect of chitooligosaccharide with different molecular weight and dosage on nutritional quality and enzymatic and antioxidant activities of soybean sprouts. The chitooligosaccharide elicitor strongly stimulated the accumulation of vitamin C, total phenolics, and total flavonoid. The stimulation effect was correlated with the molecular weight and concentration of chitooligosaccharide. With treatment of 0.01% of 1 kDa chitooligosaccharide, the nine phenolic constituents and six isoflavone compounds were significantly increased. The antioxidant capacity (DPPH radical and hydroxyl radical scavenging activity) and antioxidase activities (catalase and peroxidase) of soybean sprouts were also enhanced after treatment with chitooligosaccharide. The degree of chitooligosaccharide-induced elicitor activity increased as the molecular weight of chitooligosaccharide decreased. These results suggest that soaking soybean seeds in a solution of chitooligosaccharide, especially in 0.01% of 1 kDa chitooligosaccharide, may effectively improve the nutritional value and physiological function of soybean sprouts.
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1. Introduction


As a major source of protein, soybean has been one of the most important crops in China since more than five thousand years and nowadays often appears in Western diets [1]. Soybean has high nutritional value and is recognized as a functional food that both promotes health and has therapeutic effects [2]. For example, soybean contains a high concentration of isoflavones, which are indicated to have benefits in reducing risk of multiple diseases, such as hormone-dependent cancers, and age-related cognitive decline [3]. Soybean is also believed to have antioxidant activity, due to its high amount of total phenolics, that may help neutralize harmful free radicals and reduce the risk of degenerative diseases [4].



Germination technology, which is an inexpensive and effective method, was applied to improve the taste and enhance the nutritional value of soybean [5]. During germination, the endogenous enzymes in soybean are activated and storage nutritional compounds are converted to bioactive components. As a result, the nutrient levels, bioavailability, and palatability are improved [6]. For example, vitamin C, which is famous for its physiological functions in animals and plants, barely exists in soybeans and significantly increases in soybean sprouts. Most importantly, germination is conducive to the accumulation of phenolics and flavonoids, which have antioxidant activity [7]. Furthermore, the sprouts of soybeans have been shown to be effective as an anti-hypertensive diet [8]. At the same time, germination can reduce or remove anti-nutritional factors in soybean, such as a-galactoside, trypsin inhibitor, phytic acid, lectin, and lipase inhibitor [9]. Germination technology expands the application of soybean in food processing and improves its utilization value.



Most of the functional ingredients in plants are secondary metabolites, which are biosynthesized as a defense response to different stresses. Hence, the accumulation of secondary metabolites may be stimulated by various elicitors [10]. Chitosan (poly [β-(1-4)-2-amino-2-deoxy-d-glucopyranose]) is an environmentally-friendly and biocompatible cationic polysaccharide, which is obtained by partially deacetylated chitin extracted from naturally occurring crustacean shells [11]. Studies have shown that chitosan can elicit defense responses with respect to callose formation, phytoalexin induction, and lignification [12]. Chitosan can also be employed in the treatment of soybean to enhance the yield and quality of soybean sprouts [13,14]. According to Lee et al., chitosan effectively increased the growth of soybean sprouts without adverse effects on the nutritional and postharvest characteristics [15]. Recently, Yang et al. reported that chitosan pre-soaking could improve the growth and quality of yellow soybean sprouts during germination, dependent on concentration [16]. However, application of chitosan is limited due to its poor solubility under physiological conditions. Recent studies showed that the hydrolytic product of chitosan, a water-soluble chitooligosaccharide, also has elicitor activity in seed germination [17]. Furthermore, chitooligosaccharide has a great advantage when utilized as antimicrobial agents, antioxidants, and enhancers of the nutritional quality of food, while molecular weight is identified as a main characteristic of chitooligosaccharide that is closely associated with the biological activity of the latter [18]. However, few reports to date have investigated the role of chitooligosaccharide as an elicitor in improving the quality of soybean sprouts, especially their phytochemicals, enzymatic, and antioxidant activities.



In the present study, we evaluated the elicitor effects of chitooligosaccharide on phytochemicals, enzymatic, and antioxidant activities of germinated soybean. To the best of our knowledge, this is the first report on the application of chitooligosaccharide as an elicitor in improving the quality of soybean sprouts. The results show that chitooligosaccharide could increase the concentration of bioactive compounds including vitamin C, phenolics, and isoflavones. In addition, the activities of catalase and peroxidase as well as free radical scavenging-linked antioxidant activities of soybean sprouts were improved significantly. Data from this study would be valuable for the production of high-quality and chemical-free soybean sprouts to satisfy consumers’ demands.




2. Materials and Methods


2.1. Plant Material, Chitooligosaccharide, and Chemicals


Commercial soybeans (Glycine max L.) were purchased from the Walmart supermarket, Dalian city, China. Chitooligosaccharide with different molecular weights (1, 2, and 3 kDa) and a deacetylation degree of 70% were purchased from Golden-Shell Pharmaceutical Co. (Wenzhou, China). Gallic acid, protocatechuic acid, syringic acid, p-coumaric acid, vanillic acid, ferulic acid, ellagic acid, cinnamic acid, p-hydroxybenzoic acid, genistein, daidzein, glycitein, genistin, daidzin, and glycitin were purchased from Yuanye Bio-Technology Co. (Shanghai, China).




2.2. Soybean Germination


Soybean seed (40 g) was washed three times and soaked in 100 mL distilled water at room temperature for 3 h. After soaking, seeds were placed into the sprouter (Fumin, modelFMC-30B, Qingzhou, China) and kept in the dark at 25 °C for germination. The soybean sprouts were rinsed with tap water every 12 h. The sprouts were harvested after 3 days of treatment.




2.3. Chitooligosaccharide Treatment


Three different molecular chitooligosaccharides (1 kDa, 2 kDa, and 3 kDa) were dissolved in distilled water to give a final concentration of 0.001%, 0.01%, 0.1%, and 1.00% (w/v), and they were used as soaking solution treatments. After 3 h of soaking, seeds were washed thoroughly with distilled water and placed into the sprouter for germination.




2.4. Determination of Vitamin C


Vitamin C content of soybean sprouts was determined using 2, 6-dichloroindophenol titrimetric method [19]. Briefly, 20 g of fresh sprouts were ground in a mortar with 40 mL of chilled 2% (w/v) metaphosphoric acid buffer, and then adjusted to 100 mL. After filtration, 10 mL filtrate was titrated with 0.1% (w/v) 2, 6-dichloroindophenol, and the color of the titration end-point was light red. Ascorbic acid was used as a quantitative standard. The content of vitamin C was expressed as mg per 100 g of fresh weight.




2.5. Phytochemical Extraction


After harvest, the sprouts were freeze-dried and ground with a sample mill (Jiuyang, modelJYL-C16V, Jinan, China) and passed through an 80-mesh sieve. An amount of 5 g of ground sprout powder was added to 100 mL of an 80% (v/v) methanol solution and extracted at 25 °C and 260 rpm for 3 h. The homogenate was centrifuged at 10,000 rpm for 10 min at room temperature. The supernatant was collected and used for determination of phytochemical content and antioxidant tests.



2.5.1. Determination of Total Phenolics Content


A volume of 100 µL of the sample extract was mixed with 400 µL of distilled water. An amount of 100 µL of a Folin–Ciocalteu reagent was added and left for 6 min. Next, an aliquot of 1 mL of a 7% (w/v) Na2CO3 solution was added, and then the mixture adjusted to 3 mL with distilled water. Samples were incubated for 90 min at room temperature, and measured at 760 nm against the blank using a spectrophotometer (Molecular Devices, model SpectraMax Plus 384, San José USA). A standard curve was prepared with known gallic acid concentrations. The content of total phenolics was expressed as mg/g of dry weight.




2.5.2. Determination of Total Flavonoid Content


An amount of 0.25 mL of the sample extract was added to 1.25 mL of distilled water, followed by the addition of 75 µL of a 5% (w/v) NaNO2 solution. After 6 min, 150 µL of a 10% (w/v) Al(NO3)3·9H2O solution was added and incubated for another 5 min before 0.5 mL of 1 M NaOH was added. Distilled water was added to adjust the final volume to 2.5 mL. The absorbance of the mixture was measured immediately at 510 nm and compared with standards prepared with known (+)-catechin concentrations. Results were expressed as mg/g of dry weight.




2.5.3. HPLC Analysis of Phenolic Components and Isoflavones


Phenolic components were determined by HPLC with a Poroshell 120 EC-C18 column (4.6 × 250 mm, 4 µm particle size) (Waldbronn, Germany) and ultraviolet detector. The mobile phase consisted of acetonitrile (A) and 0.3% (v/v) acetic acid (B). Flow rate was 0.6 mL/min, column temperature was 40 °C, and detection wavelength was 254 nm. The gradient elution process began with the mobile phase A at 20% in the first 5 min, then increased from 20% to 90% for the next 5 min, while in the following 5 min it reduced from 90% to 10%, and increased to 20% A in the last 10 min. The peaks of the samples were identified based on the retention times of the standards and the concentrations of phenolics were calculated from standard curves. The concentration was expressed as mg/g of dry weight.



Isoflavones were quantified using the same column and chromatographic conditions as described above, while the two solvents used in the mobile phase were solvent A, 0.1% (v/v) acetic acid, and solvent B, methanol. The gradient elution process began with the mobile phase A from 5% to 30% in the first 50 min, and then increased from 30% to 100% for the next 15 min, and the last 15 min was 100% A. The concentrations of isoflavones in the sample were calculated from standard curves of different isoflavone standards, and it was expressed as mg/g of dry weight.




2.5.4. Analysis of DPPH Radical Scavenging Activity


The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity was examined using the DPPH method [20]. Briefly, 0.1 mL of the sample extract was mixed with 2.9 mL DPPH in ethanol (100 µM) and incubated in the dark at 33 °C for 30 min. The absorbance of the mixture was measured at 517 nm and denoted Ai. A control sample was obtained by mixing 0.1 mL ethanol with 2.9 mL DPPH solution (100 µM) and its absorbance value was denoted A0. A reference test was carried out by adding 0.1 mL of the sample extract to 2.9 mL ethanol, and Aj referred to the absorbance of the resultant solution. The DPPH radical scavenging activity was expressed as a scavenging rate and calculated as follows: DPPH scavenging rate (%) = [1 − (Ai − Aj)/A0] × 100%.




2.5.5. Analysis of Hydroxyl Radical Scavenging Activity


1.0 mL H2O2 (7.5 mM) was mixed with a solution containing 0.2 mL ammonium ferric sulfate (0.75 mM), 0.2 mL 1, 10-phenanthroline (0.5 mM), 1.0 mL sample extract, and 1.0 mL Tris buffer (500 mM, pH 7.4). The reaction mixture was adjusted to 10 mL with distilled water and incubated at 37 °C for 1 h. After cooling, the absorbance of the samples was measured at 508 nm and denoted As. The absorbance of the control without sample extract was denoted Ac. The absorbance of the reference without the sample extract and H2O2 addition was denoted A0. The hydroxyl radical scavenging activity was expressed as a scavenging rate and calculated as follows: hydroxyl scavenging rate (%) = (As − Ac)/(A0 − Ac) ×100%.





2.6. Enzyme Assays


Catalase was determined by following the consumption of H2O2 [21]. An amount of 5 g of fresh sprouts was suspended in 20 mL phosphate buffer (0.1 M, pH 7.8) ground into homogenate and adjusted to a final volume of 100 mL. The homogenate was centrifuged at 10,000 rpm and 4 °C for 15 min and the supernatant was collected and used for enzyme assay. An amount of 0.3 mL of H2O2 (0.1 M) was added to a solution containing 0.2 mL enzyme extract and 2.5 mL phosphate buffer (0.1 M, pH 7.8). Immediately after mixing, the concentration of H2O2 was measured spectroscopically at 240 nm at 10 s intervals for up to 3 min. One unit of activity was defined as the amount of enzyme that catalyzes the degradation of H2O2 leading to a decrease of 0.1 in the absorbance at 240 nm per minute under the above experimental conditions. The control experiment was carried out with boiled enzyme under the same conditions.



Peroxidase was evaluated with guaiacol in the presence of H2O2 [21]. The enzyme extraction from soybean sprouts was performed as described above for catalase assay. An amount of 0.1 mL of enzyme extract was added to a solution containing 2.9 mL of 0.4% H2O2 and 1 mL of 0.05 M guaiacol in 0.1 M phosphate buffer (pH 5.5). The increase in the absorbance of the mixture was monitored at 470 nm for 3 min. The control experiment was carried out with boiled enzyme. One unit of enzyme activity was defined as the amount of enzyme that catalyzes the oxidation of guaiacol leading to a 0.01 increase in the absorbance at 470 nm per minute under the above experimental conditions.




2.7. Statistical Analysis


All tests were conducted in triplicate and data were reported as the mean ± standard deviation. Significant differences among means were tested by one-way analysis of variance using SPSS software (SPSS, Chicago, IL, USA). Duncan’s multiple range test was used to compare the differences of means among different groups, and differences with p < 0.05 were considered statistically significant.





3. Results and Discussion


3.1. Vitamin C Content


Vitamin C plays an important role in the process of collagen synthesis in humans. Because humans are unable to synthesize vitamin C, fresh fruit and vegetables are needed as a supplement of vitamin C [1]. As a result, soybean sprouts have attracted people’s attention for their high content of vitamin C. Figure 1 presents the vitamin C content in soybean sprouts that have been treated with chitooligosaccharides of different molecular weights at different concentrations. It can be found that chitooligosaccharide could effectively promote the vitamin C accumulation in soybean sprouts, and all the different chitooligosaccharide treatments revealed higher vitamin C content than the control. The vitamin C content of soybean sprouts was increased by 45.84% with 0.001% of 1 kDa chitooligosaccharide. When the concentration of chitooligosaccharide increased to 0.01%, the vitamin C content reached the maximum, 33.33 mg/100 g fresh weight, about 2.11-fold in comparison with the control of 15.83 mg/100 g fresh weight. However, after treatment with 0.1% and 1% of 1 kDa chitooligosaccharide, the vitamin C content decreased to 29.17 mg/100 g and 24.67 mg/100 g, which were still more than the control. There was a similar trend for the treatment with 2 kDa and 3 kDa chitooligosaccharide. After treatment with 0.01% of 2 kDa and 3 kDa chitooligosaccharide, the vitamin C content of soybean sprouts increased to 30.83 mg/100 g fresh weight and 27.35 mg/100 g fresh weight, respectively.



As an important bioactive component, vitamin C does not exist in soybeans but increases after germination. This is owing to a response in the environmental factors [16]. Chitosan and chitooligosaccharide are well documented plant defense elicitors and are recognized as stress signals by plant cells [22]. It has been discovered that the size and dosage of chitooligosaccharide are crucial in determining their elicitor activity [6].



In the present study, the vitamin C content (15.83 mg/100 g fresh weight) of the control was similar to that (15.82 mg/100 g fresh weight) reported by NO and others. However, after treatment with 0.01% of 1 kDa chitooligosaccharide, the highest vitamin C content of soybean sprouts increased to 33.33 mg/100 g fresh weight, which was significantly higher than their treatment with 0.1% of 493 kDa chitosan (17.01 mg/100 g fresh weight) [13]. This result was in accordance with previous studies, which showed that the antiviral activity of chitosan increased as its molecular weight decreased. The highest activity was exhibited by the fractions with Mw = 2.2 and 1.2 kDa [23].




3.2. Total Phenolics Content


It has been proven that tremendous changes in functional substances are closely linked to germination of soybeans, such as high phenolics content [4]. Additionally, chemical elicitors can significantly increase the phenolics content in bean sprouts [24]. In this study, total phenolics content of soybean sprouts in all treatments with chitooligosaccharide was shown in Figure 2. Overall, the phenolics content of soybean sprouts was significantly increased by the chitooligosaccharide in three molecular weights (1 kDa, 2 kDa, and 3 kDa). The smallest molecular weight led to the highest increase in phenolics under the same treatment concentration. Total phenolics content increased gradually along with the increase in chitooligosaccharide until 0.01%, and after that it gradually reduced. Soybean sprouts treated with 0.01% of 1 kDa chitooligosaccharide exhibited the highest phenolics content of 25.60 mg/g dry weight, which was approximately 28% higher than that of the control. The total phenolics content of soybean sprouts treated with 0.01% of 2 kDa and 3 kDa chitooligosaccharide increased by 23% and 20%, respectively. These results were similar to the increase in phenolics as a result of ethephon treatment [25]. Compared with ethephon, chitooligosaccharide is safe and environmentally friendly, so it can be a useful alternative in increasing phenolic secondary metabolites in soybean sprouts.




3.3. Total Flavonoid Content


Germination could increase the flavonoid content, which might be owing to the activation of enzymes involved in the biosynthesis of flavonoids from large molecular weight polyphenols such as tannins [26]. Flavonoids contain a diverse group of phytochemicals with antioxidant and anticancer activity, and they have been detected in fruits, vegetables, tea, and wine [27,28]. In order to clarify the effects of chitooligosaccharide on the flavonoid’s accumulation of soybean sprouts, soybeans were treated with chitooligosaccharide before germination. As shown in Figure 3, similar to the changing trend of vitamin C and total phenolics, the total flavonoid content of soybean sprouts was efficiently increased by all chitooligosaccharide elicitors with a molecular-weight-dependent mode. Among them, 1 kDa chitooligosaccharide was the most effective elicitor, and when using it in the concentration of 0.01%, the flavonoids content of soybean sprouts was 1.25 mg/g dry weight, about 22% more than that of the control (1.03 mg/g dry weight). Chitooligosaccharide with the molecular weight of 2 kDa and 3 kDa had a similar promoting action, and they improved the accumulation of flavonoids to 1.21 mg/g dry weight at a concentration of 0.01%. These results are consistent with earlier findings which showed that chitosan could induce the stimulation of secondary metabolism of plants [29].




3.4. Quantification of Phenolic Components


Phenolic compounds are generally secondary metabolites with high antioxidative and antiaging properties, and they are beneficial to human health [30]. Khang and others have found several phenolic compounds in soybean sprouts including gallic acid, protocatechuic acid, syringic acid, p-coumaric acid, vanillic acid, ferulic acid, ellagic acid, cinnamic acid, p-hydroxybenzoic acid, and sinapic acid [4]. The impacts of chitooligosaccharide on nine of these phenolic compounds in soybean sprouts were studied (Table 1). Concentrations of phenolic components from different treatments differed significantly (p < 0.05). The contents of gallic acid ranged from 18.698 to 32.274 mg/g dry weight, protocatechuic acid from 0.539 to 1.444 mg/g dry weight, syringic acid from 0.073 to 0.116 mg/g dry weight, p-coumaric acid from 0.771 to 1.460 mg/g dry weight, vanillic acid from 1.021 to 1.844 mg/g dry weight, ferulic acid from 4.845 to 7.398 mg/g dry weight, ellagic acid from 0.459 to 0.775 mg/g dry weight, cinnamic acid from 0.053 to 0.254 mg/g dry weight, and p-hydroxybenzoic acid from 0.251 to 2.646 mg/g dry weight. All the phenolics were significantly increased in the presence of chitooligosaccharide, and the most effective treatment was 1 kDa chitooligosaccharide with the concentration of 0.01%. These results were in accordance with the total phenolics content measurement. Among them, p-hydroxybenzoic acid showed the highest proportion of increase, which was about 10.54-fold over the control. The contents of cinnamic acid and protocatechuic acid increased to 4.79-fold and 2.68-fold in comparison with that of the control, respectively. In addition, the contents of gallic acid, syringic acid, p-coumaric acid, vanillic acid, ferulic acid, and ellagic acid in sprouts treated with the same chitooligosaccharide increased by 73%, 59%, 89%, 81%, 53%, and 69%, respectively. This clearly indicated that chitooligosaccharide was extremely effective in increasing phenolic secondary metabolites in soybean sprouts, and the increase in these phenolic compounds was the result of resisting oxidative stress [25]. However, in contrast with research by Khang [4], the contents of these phenolic compounds were much higher in our study. These discrepancies might be due to differences in soybean cultivars and germination methods.




3.5. Quantification of Isoflavone Components


Numerous studies have confirmed that soybean isoflavones are effective cancer-preventive agents for lowering risks of various cancers [31]. Soybean isoflavones mainly exist in two forms: aglycon (genistein, daidzein and glycitein) and different types of glucosides (genistin, daidzin and glycitin). The aglycon form is the most biologically active isoflavone for mammal metabolism [6]. In the present study, six kinds of isoflavones were compared between different treatments (Table 2). Overall, chitooligosaccharide treatments induced statistically significant changes in their contents. Regardless of the molecular weight, all the promoting effects of chitooligosaccharide were dependent on its concentration. Treatment with an amount of 0.01% chitooligosaccharide increased the content of these six isoflavones in the soybean sprouts extract significantly. Among these elicitation treatments, 0.01% of 1 kDa chitooligosaccharide was the most effective one. The highest content of glycitein was 0.251 mg/g dry weight, which was about 20.92-fold compared with the control (0.012 mg/g dry weight) when the seeds were treated with 0.01% of 1 kDa chitooligosaccharide. After treatment with 0.01% of 2 kDa and 3 kDa chitooligosaccharide, the concentration of glycitein increased to about 18.33-fold and 19.67-fold in comparison with that of the control, respectively. There were also significant differences in the concentrations of genistein, daidzein, genistin, daidzin, and glycitin between the control and 0.01% of 1 kDa chitooligosaccharide treatments, and the contents of them increased by 16%, 6%, 62%, 90%, and 68%, respectively.



The observed impact of chitooligosaccharide on isoflavone concentrations was in accordance with previous studies, which reported that seed and foliar treatments of soybean plants with chitosan could bring about a significant increase in the concentration of daidzein, genistein, glycitein, as well as total isoflavone in soybean when compared with untreated control plants [32]. Furthermore, it is known that the biosynthesis of isoflavone is submetabolic, via the malonate and phenylpropanoid pathways [33]. Dixon and Paiva have reported that various biotic and abiotic stresses could stimulate the phenylpropanoid metabolism [34]. As a result, it is made clear that chitooligosaccharide has the eliciting activity in inducing the stress responses and secondary metabolism of soybean sprouts, and can be used as a harmless alternative to produce high quality soybean sprouts with a good market potential [35].




3.6. Antioxidant Activity Evaluation


It is believed that free radicals are directly related to various diseases, and dietary antioxidants, which are able to scavenge free radicals, may be used to reduce the risk of these diseases. Therefore, it is important to investigate the radical scavenging effect of antioxidants in soybean sprouts [2]. The most commonly used method is based upon the stable free radical DPPH [36]. In the present study, antioxidant activity was evaluated by scavenging capability of DPPH (Figure 4). Regardless of molecular weight and concentration, antioxidant activity in chitooligosaccharide-treated soybean sprouts was higher than the control, which could be the result of high total phenolics accumulation observed in the preceding section [37]. Among them, the smallest molecular weight led to the highest DPPH radical scavenging activity under the same treatment concentration. DPPH radical scavenging activity increased gradually along with the increase in chitooligosaccharide until 0.01%, and after that it gradually reduced. The soybean sprouts treated with 0.01% of 1 kDa chitooligosaccharide showed the strongest DPPH scavenging activity of 28.14%, which is about 1.83-fold compared with the control of 15.40%. The scavenging activity of soybean sprouts treated with 0.01% of 2 kDa and 3 kDa chitooligosaccharide were 23.71% and 21.83%, respectively. This clearly indicated that chitooligosaccharide-treated soybean sprouts have better free radical scavenging ability to protect the plant from oxidative damage [38]. However, the antioxidant activity of soybean sprouts was continuously decreased when the concentration of chitooligosaccharide was higher than 0.01%. These changes in antioxidant activity may confirm that if the concentrations of chitooligosaccharides were too high and oxidative stress was too high, then its stimulatory effect was weakened.



Because hydroxyl radicals are so reactive that they can cause potential damage to cells [39], the hydroxyl radicals scavenging activity in chitooligosaccharide-treated soybean sprouts was also investigated. As shown in Figure 5, the hydroxyl radical scavenging activity of soybean sprouts was similar to the changing trend of the DPPH radical scavenging activity. An amount of 0.01% of 1 kDa chitooligosaccharide was the most effective one, which increased the hydroxyl radical scavenging activity of soybean sprouts to 64.33%, which is about 1.43-fold compared with the control. Treatments with 0.01% of 2 kDa and 3 kDa chitooligosaccharide also improved the hydroxyl radical scavenging activity of soybean sprouts, representing 33% and 28% increases, respectively. The enhancement in antioxidant activity of soybean sprouts treated with chitooligosaccharide demonstrated an improvement in their biological function, and these soybean sprouts may meet the needs of people looking for new drugs from food materials [40].




3.7. Enzymatic Activities


It is known that chitosan has the potential for inducing defense-related enzymes [41], so the enzymatic activities, including catalase and peroxidase, in soybean sprouts after treatments of chitooligosaccharide were studied. Results showing catalase activity of soybean sprouts in different treatments were presented in Figure 6. In general, the treatments of chitooligosaccharide depicted higher catalase activity, among which, the highest increase was treatment with 0.01% of 1 kDa chitooligosaccharide, and resulted with 185.55 U/g fresh weight. Treatments with 2 kDa and 3 kDa chitooligosaccharide had similar stimulation effects on the activity of catalase, and at a concentration of 0.01%, they improved the activity of catalase to 156.67 U/g fresh weight and 159.64 U/g fresh weight, respectively. Regardless of the molecular weight, chitooligosaccharide with a concentration higher or lower than 0.01% has less elicitor activity. Catalase can detoxify H2O2 to water, thereby reducing the damage of reactive oxygen species to plants. The increase in the activity of catalase was most likely a response to the increased generation of reactive oxygen species and indicative of oxidative stress [42].



Peroxidase is involved in a variety of physiological functions in plants, and because of its importance in coloration, flavor development, nutritional properties, and texture of fruits and vegetables, it can change the consumer’s acceptability of plant-based foods [19]. In the current study, soybean sprouts treated with chitooligosaccharide had higher levels of peroxidase than the control, which coincided with the trend of catalase (Figure 7). Regardless of the molecular weight, peroxidase activity first increased and then decreased with the concentration increase in chitooligosaccharide, and the best concentration of chitooligosaccharide was 0.01%. Among them, the highest peroxidase activity was shown in the soybean sprouts when they were soaked in 0.01% of 1 kDa chitooligosaccharide—this resulted in 2183.76 U/g fresh weight. Peroxidase activity in soybean sprouts treated with 0.01% of 2 kDa and 3 kDa chitooligosaccharide increased significantly as well.



Therefore, chitooligosaccharide treatment could enhance resistance to oxidative stress. Moreover, it also suggested that chitooligosaccharide could be recognized as an effective biotic elicitor, triggering a specific induction of catalase and peroxidase [43].





4. Conclusions


Chitooligosaccharide can significantly increase the content of phytochemicals and antioxidant properties of soybean sprouts. The highest accumulation of vitamin C, total phenolics, and total flavonoid occurred when the seeds were treated with 0.01% of 1 kDa chitooligosaccharide. Furthermore, the biosynthesis of nine phenolics and six isoflavones was also notably stimulated by chitooligosaccharide treatment. Moreover, the chitooligosaccharide strongly increased the antioxidant activities of soybean sprouts with the increase in the activities of catalase and peroxidase. The obtained data suggested that chitooligosaccharide could improve the physiological function of soybean sprouts by increasing their bioactive compounds content as well as antioxidant activity.
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Figure 1. Vitamin C content of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05). 






Figure 1. Vitamin C content of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05).
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Figure 2. Total phenolics content of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05). 
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Figure 3. Total flavonoid content of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05). 
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Figure 4. DPPH radical scavenging activity of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05). 
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Figure 5. Hydroxyl radical scavenging activity of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05). 
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Figure 6. Catalase activity of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05). 
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Figure 7. Peroxidase activity of soybean sprouts under different chitooligosaccharide treatments. The treatments were conducted with chitooligosaccharides of three molecular weights (1, 2, and 3 kDa) at four different concentrations (0.001 to 1%). The control treatment (0%) included the same solutions without chitooligosaccharides. Vertical bars represent the standard error of three replicates. Different letters indicate statistically significant difference (p < 0.05). 
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Table 1. Phenolic components concentration (mg/g dry weight) of soybean sprouts under different chitooligosaccharide treatments.
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Treatment

	
COS Concentration (%)

	
Gallic Acid

	
Protocatechuic Acid

	
Syringic Acid

	
p-Coumaric Acid

	
Vanillic Acid

	
Ferulic Acid

	
Ellagic Acid

	
Cinnamic Acid

	
p-Hydroxybenzoic Acid






	
Control

	
0

	
18.698 ± 0.311 e

	
0.539 ± 0.023 e

	
0.073 ± 0.005 e

	
0.771 ± 0.015 g

	
1.021 ± 0.020 e

	
4.845 ± 0.047 g

	
0.459 ± 0.001 e

	
0.053 ± 0.004 e

	
0.251 ± 0.030 e




	
1 kDa COS

	
0.001

	
30.462 ± 0.212 b

	
0.915 ± 0.017 d

	
0.106 ± 0.002 cd

	
1.261 ± 0.008 de

	
1.268 ± 0.014 d

	
7.296 ± 0.052 a

	
0.652 ± 0.007 cd

	
0.121 ± 0.003 d

	
0.913 ± 0.044 d




	
0.01

	
32.274 ± 0.547 a

	
1.444 ± 0.032 a

	
0.116 ± 0.001 a

	
1.460 ± 0.019 a

	
1.844 ± 0.105 a

	
7.398 ± 0.078 a

	
0.775 ± 0.012 a

	
0.254 ± 0.003 a

	
2.646 ± 0.014 a




	
0.1

	
25.660 ± 0.305 d

	
0.809 ± 0.010 d

	
0.100 ± 0.002 d

	
1.194 ± 0.013 f

	
1.307 ± 0.020 d

	
6.477 ± 0.061 de

	
0.710 ± 0.016 b

	
0.126 ± 0.004 d

	
1.061 ± 0.026 cd




	
1

	
26.855 ± 0.251 d

	
0.988 ± 0.034 c

	
0.105 ± 0.008 cd

	
1.191 ± 0.022 f

	
1.404 ± 0.024 d

	
7.050 ± 0.024 a

	
0.645 ± 0.0207 d

	
0.185 ± 0.006 c

	
1.170 ± 0.201 bc




	
2 kDa COS

	
0.001

	
25.486 ± 0.481 d

	
0.860 ± 0.027 d

	
0.101 ± 0.002 d

	
1.231 ± 0.009 e

	
1.445 ± 0.016 d

	
6.291 ± 0.087 f

	
0.730 ± 0.056 ab

	
0.195 ± 0.002 bc

	
1.344 ± 0.037 bc




	
0.01

	
31.020 ± 0.465 b

	
1.116 ± 0.034 b

	
0.110 ± 0.002 ab

	
1.372 ± 0.031 a

	
1.754 ± 0.037 a

	
7.155 ± 0.117 a

	
0.669 ± 0.009 bc

	
0.239 ± 0.000 a

	
1.660 ± 0.846 b




	
0.1

	
25.291 ± 0.540 d

	
1.144 ± 0.018 b

	
0.109 ± 0.001 bc

	
1.286 ± 0.015 cd

	
1.551 ± 0.031 c

	
6.559 ± 0.029 e

	
0.628 ± 0.008 d

	
0.172 ± 0.006 c

	
0.978 ± 0.518 cd




	
1

	
29.939 ± 0.260 c

	
0.971 ± 0.012 c

	
0.103 ± 0.004 d

	
1.315 ± 0.008 bc

	
1.549 ± 0.021 c

	
6.682 ± 0.045 cd

	
0.637 ± 0.008 cd

	
0.142 ± 0.003 d

	
1.083 ± 0.021 cd




	
3 kDa COS

	
0.001

	
29.026 ± 0.078 c

	
0.958 ± 0.036 d

	
0.109 ± 0.001 bc

	
1.331 ± 0.029 b

	
1.626 ± 0.045 b

	
6.839 ± 0.170 bc

	
0.671 ± 0.005 bc

	
0.197 ± 0.007 b

	
1.074 ± 0.083 cd




	
0.01

	
32.066 ± 0.585 a

	
1.207 ± 0.006 b

	
0.112 ± 0.002 ab

	
1.381 ± 0.012 a

	
1.619 ± 0.051 b

	
6.973 ± 0.021 b

	
0.736 ± 0.003 a

	
0.230 ± 0.005 a

	
1.546 ± 0.319 b




	
0.1

	
28.318 ± 0.672 c

	
1.060 ± 0.028 c

	
0.109 ± 0.003 bc

	
1.259 ± 0.031 de

	
1.600 ± 0.048 b

	
6.307 ± 0.099 ef

	
0.658 ± 0.014 bc

	
0.151 ± 0.010 cd

	
1.056 ± 0.120 cd




	
1

	
31.068 ± 0.323 b

	
1.012 ± 0.014c

	
0.105 ± 0.003 cd

	
1.266 ± 0.014 de

	
1.619 ± 0.024 b

	
6.440 ± 0.036 e

	
0.690 ± 0.010 b

	
0.148 ± 0.002 cd

	
0.914 ± 0.077 d








COS: chitooligosaccharide. Values represent mean ± standard deviation (n = 3). Values in a column with different letters are significantly different (p< 0.05).
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Table 2. Isoflavone components concentration (mg/g dry weight) of soybean sprouts under different chitooligosaccharide treatments.
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Treatment

	
COS Concentration (%)

	
Genistein

	
Daidzein

	
Glycitein

	
Genistin

	
Daidzin

	
Glycitin






	
Control

	
0

	
0.497 ± 0.007 e

	
0.461 ± 0.001 e

	
0.012 ± 0.004 cd

	
0.089 ± 0.001 h

	
0.079 ± 0.001 h

	
0.019 ± 0.001 h




	
1 kDa COS

	
0.001

	
0.521 ± 0.007 c

	
0.463 ± 0.001 d

	
0.088 ± 0.026 b

	
0.122 ± 0.003 d

	
0.088 ± 0.003 g

	
0.025 ± 0.001 d




	
0.01

	
0.575 ± 0.003 a

	
0.490 ± 0.001 a

	
0.251 ± 0.006 a

	
0.144 ± 0.001 a

	
0.150 ± 0.001 a

	
0.032 ± 0.002 a




	
0.1

	
0.551 ± 0.013 b

	
0.462 ± 0.000 de

	
0.102 ± 0.007 b

	
0.138 ± 0.004 b

	
0.132 ± 0.003 c

	
0.026 ± 0.001 d




	
1

	
0.507 ± 0.012 cd

	
0.466 ± 0.001 c

	
0.041 ± 0.014 cd

	
0.102 ± 0.002 g

	
0.137 ± 0.001 bc

	
0.020 ± 0.001 gh




	
2 kDa COS

	
0.001

	
0.511 ± 0.007 cd

	
0.461 ± 0.001 e

	
0.043 ± 0.007 c

	
0.118 ± 0.003 e

	
0.095 ± 0.004 fg

	
0.022 ± 0.001 ef




	
0.01

	
0.555 ± 0.003 b

	
0.467 ± 0.001 c

	
0.220 ± 0.008 ab

	
0.136 ± 0.001 b

	
0.135 ± 0.003 c

	
0.029 ± 0.001 c




	
0.1

	
0.519 ± 0.008 c

	
0.466 ± 0.001 c

	
0.096 ± 0.041 b

	
0.119 ± 0.002 de

	
0.122 ± 0.002 e

	
0.021 ± 0.001 fg




	
1

	
0.513 ± 0.007 cd

	
0.462 ± 0.002 de

	
0.019 ± 0.003 cd

	
0.099 ± 0.002 g

	
0.104 ± 0.003 f

	
0.019 ± 0.001 h




	
3 kDa COS

	
0.001

	
0.515 ± 0.003 cd

	
0.466 ± 0.001 c

	
0.023 ± 0.002 cd

	
0.110 ± 0.000 f

	
0.105 ± 0.002 f

	
0.023 ± 0.001 e




	
0.01

	
0.569 ± 0.010 a

	
0.484 ± 0.001 b

	
0.236 ± 0.021 a

	
0.139 ± 0.001 b

	
0.140 ± 0.001 b

	
0.031 ± 0.001 b




	
0.1

	
0.503 ± 0.004 de

	
0.466 ± 0.001 c

	
0.073 ± 0.029 b

	
0.131 ± 0.002 c

	
0.128 ± 0.002 de

	
0.025 ± 0.001 d




	
1

	
0.518 ± 0.006 c

	
0.462 ± 0.001 de

	
0.009 ± 0.005 d

	
0.102 ± 0.001 g

	
0.102 ± 0.002 f

	
0.020 ± 0.001 gh








COS: chitooligosaccharide. Values represent mean ± standard deviation (n = 3). Values in a column with different letters are significantly different (p < 0.05).
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