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Abstract

:

Momordica grosvenorii saponin (MGS), as a promising dietary supplement with remarkable biological properties, has poor stability under acidic conditions and thus hinders its application in functional foods. In this study, capsules of chitosan and sodium alginate were successfully prepared to enhance the stability of MGS. The optimized parameters for preparing MGS capsules were established. Sodium alginate of 20.8 mg/mL and triplication of MGS powder were added to chitosan of 4 mg/mL and calcium chloride of 10 mg/mL at a volume ratio of 3:1, stirring at 1000 r/min for 30 min to form the capsules. In this case, the fresh particles averaged 1687 μm with an encapsulation efficiency (EE) of 80.25% MGS. The capsule tolerated acidic environments better, and in vitro MGS could be controlled to release in a stimulated gastrointestinal tract system. The antioxidant activity and delayed release of MGS could be achieved by microencapsulation of chitosan/sodium alginate. Moreover, one drink containing 19 mg/mL MGS was successfully developed for the fruit.
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1. Introduction


Nowadays, with the increasing awareness of health among consumers and manufacturers, natural sweetener is taking a more important position in the beverage industry. Momordica grosvenorii saponin (MGS) is the characteristic functional component in its fresh fruits consisting of essentially a triterpene glucoside shown in Figure 1 [1,2,3]. Right now, MGS has been recognized as one of the natural sweeteners which are widely used in beverage production [4] and attracted more attention as an ingredient for producing functional beverages or pharmaceutical supplements [5]. Equal 0.01 mg/mL Momordica grosvenorii saponin (MGS) solution is reported to be more than 400 times sweeter than 5 mg/mL sucrose aqueous solution [6]. Meanwhile, MGS as a functional ingredient has been indicated to offer such health benefits as cough expectorant [7], anti-inflammatory [8], blood glucose homeostasis and regulating [9], immune enhancing [10], and anticancer [11] for human beings. Interestingly, oxidation resistance from MGS was observed to improve the nutritional value and delay the oxidative rancidity of carambola fruit juice [12]. However, several research works have demonstrated a significant decrease in antioxidant activity when its saponin is exposed to acidic conditions. It was reported that a mild acidic condition caused the side chain double bond of saponin to be hydrated so easily [13], and thus when soaked in a 10% HCl solution, MGS could be completely decomposed within one hour [14]. Studies from rat experiments indicated that MGS, after passing through the gastrointestinal tract, was completely digested after 120 min [15]. It means MGS does not work in a desirable time and targeted position after challenging the gastrointestinal stresses. Micro-encapsulation consisting of sodium alginate and chitosan often has been confirmed to be available for the protection and delayed release of various nutrients, flavors, antioxidants, and specific food additives [16,17,18]. This technique not only improves the stability of the core materials like MGS but allows the desirable compounds to be well-controlled and released in gastrointestinal fluid as well [19,20]. To our knowledge, few studies have been carried out to investigate the enhanced tolerance of MGS encapsulated by sodium alginate plus chitosan to acidic conditions, especially gastrointestinal stresses.



Therefore, the objectives of this work were to: (1) optimize the parameters of MGS encapsulated by sodium alginate and chitosan; (2) analyze the antioxidant capacity and content of MGS after embedded; (3) evaluate the potentials of the embedded MGS in stimulated gastrointestinal tract system as well as one MGS-based drinking.




2. Materials and Methods


2.1. Materials


Fresh Momordica grosvenorii fruits were purchased from Xiamen Zhongmin Tea Co. Ltd. (Xiamen, China) MGS (98%) was provided by Xi An Shouherb Biotech Co., Ltd. (Xi’an, China). Vanillin, sodium bicarbonate (NaHCO3), potassium dihydrogen phosphate (KH2PO4), saline sodium citrate (SSC), and sodium hydroxide (NaOH) were purchased from Tianjin Yongda Chemical Reagent Co., Ltd. (Tianjin, China). Concentrated sulfuric acid, glacial acetic acid, hydrochloric acid (HCl), anhydrous ethanol were obtained from Beijing Chemical Works (Beijing, China). Pepsin (1:3000), trypsin (1:250), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 1,10-Phenanthroline (O-Phen), and 2, 2’-azino-bis (ABTS) were purchased from Beijing Ke’Ao Technology Co., Ltd. (Beijing, China). Chitosan (CTS) and calcium chloride (CaCl2) were acquired from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Sodium alginate (SA) was procured from Guangdong Guanghua Sci-Tech Co., Ltd. (Shantou, China).




2.2. Preparation of MGS Capsules


Process construction: According to Cheow’s report, 18 mL CTS and CaCl2 were mixed as the shell material. MGS and SA were mixed as the core material [16]. MGS capsules were formed by dropping the latter into the former at a rate of 1 mL/min. Then, the mixture was allowed to stir to make more capsules.



Process optimization: To obtain capsules with optimal properties, independent variables including CTS concentration (cCTS), CaCl2 concentration (cCaCl2), SA concentration (cSA), stirring time (ST), stirring speed (SS), the ratio of external to internal materials (REI), and the ratio of SA to MGS in the core material (RSM) were optimized using single factors and orthogonal experiments [21]. The detail gradients are shown in Table 1, and the values in italics in each group were fixed values for the other groups [20]. A response surface analysis was further designed to optimize the parameters of three principal factors affecting the encapsulation efficiency of MGS, i.e., SA (15 and 25 mg/mL), REI (1:2 and 1:4), and RSM (1:3 and 1:5).




2.3. Analysis of Circular Dichroism Spectra (CD)


To explore the connection between core material and MGS, the CD spectra of sodium alginate plus MGS were detected using circular dichroism apparatus (Chirascan-plus, Applied Photophysics Ltd., Leatherhead, UK). The working parameters for CD spectra inspection were set as 190–260 nm wavelength, 0.2 s steps, and 1 cm cuvette.




2.4. Characterization of MGS Capsules


Particle size: The morphology of MGS capsules was observed and photographed by optical microscope (CX23L, Olympus Corporation, JPN). Diameters collected from 50 capsules were recorded for the analysis of the particle size via Minitab software.



Scanning electron microscopy (SEM): Scanning electron microscope (jsm-6700F, Japan Electronics Co., Ltd., Beijing, China) is used to observe the morphology of MGS capsules under magnification of 300× and 1200×. The accelerating voltage ranges from 15 to 30 kV. The samples were immobilized on copper plates with double-sided adhesive tape and sputter-coated with metal conductive film in order to reduce the charging effect and improve the image quality.



Capsules soaking in gastric and intestinal fluid: MGS capsules were mixed with 20 mL simulated gastric fluid (16.4 mL HCl and 10 g pepsin, and pH was adjusted to 1.5) and photographed at 0 h and 2 h, respectively [22]. Then the capsules were collected and soaked in simulated intestinal fluid (3.4 g KH2PO4, 5 g trypsin, and 0.1 mg/mL NaOH, and pH was adjusted to 6.8) for another 4 h, and photos showing the change of MGS capsules were taken at the end of reaction.




2.5. Evaluation of Loading Efficiency


2.5.1. Loading Efficiency (LE)


LE means the weight ratio of MGS to the whole capsules [23]. LE (%) was calculated according to Equation (1).


   LE %    =    m  / M × 100 %  



(1)




where m and M represent the theoretical level of MGS in each capsule and the weight of one capsule, respectively.




2.5.2. Encapsulation Rate (ER)


ER means actual/theoretical MGS content. The determination of MGS was carried out using a modified vanillin-concentrated sulfuric acid colorimetric method [24]. Briefly, 0.5 mL of vanillin ethanol solution (50 mg/mL), 4 mL of concentrated sulphuric acid (72%), and 0.5 mL MGS solution (0.00, 0.24, 0.36, 0.48, 0.6, 0.72, 0.84, and 0.96 mg/mL, respectively) were added to test tubes. The reaction was carried out in water bath at 60 °C for 15 min to reach dark green, and the curve was set up with 1.1718 as coefficient (R2 = 0.9993). The capsules were immersed in 250 mL aqueous mixture of NaHCO3 (33 mg/mL) and SSC (35 mg/mL) for 2 h to dissolve. Then the mixture was subjected to centrifuge at 7000 r/min for 8 min. The supernatant was collected to calculate the saponin content. The calculation of ER (%) was made in terms of Equation (2).


   ER ( % ) =   (   A  1  . 1718       ×   V   )   / m   ×   100 %   



(2)




where A, V, and m represent the absorbance value, the weight of each capsule, the volume of solution after decapsulating, and the theoretical level of MGS in each capsule, respectively.





2.6. Determination of MGS Antioxidant Capacity


Three different methods were used to characterize the antioxidant capacity of MGS for a more complete and accurate evaluation. All three tests used Trolox as the positive control.



ABTS [2,2′-Azinobis (3-ethylbenzothiazoline-6-sulfonic Acid Ammonium Salt] determination: The K2S2O8 and ABTS solution was diluted until the absorbance reached 0.7 ± 0.02 at 734 nm. Each 0.4 mL mixture was blended with 1 mL MGS (0, 0.5, 1, 2, 3, 4, 5 mg/mL), and the absorbance was tested.



DPPH (1,1-diphenyl-2-picrylhydrazyl) determination: The absorbance of 2 mL DPPH and 2 mL MGS (2, 5, 10, 15, 20, 25 mg/mL) was measured at 514 nm.



Phen (1,10-Phenanthroline) determination. The mixture of 1 mL 5 mmol/L O-Phen, 2 mL 0.2 mol/L PBS and 1 mL MGS (1, 2, 4, 6, 8, 10, 20, 30, 40 mg/mL) was heated to 37 °C in the water bath, and then 1 mL 7.5 mol/mL FeSO4 and 1 mL 0.1% H2O2 were added to the mixture. The absorbance was measured at 536 nm. Three of the antioxidant activities were calculated according to Equation (3).


   Scavenging   free   radical   rate   ( % )   =   (   A 0       −   k   v  A  )     / A   0     ×   100 %     



(3)




where A0, A, and kv represent the absorbance of the control group, the absorbance of the sample, and the ratio of the diluted solution to the original solution, respectively.




2.7. Release of MGS


Twelve sets of equal-quality MGS capsules were prepared, four of which were mixed with simulated gastric fluid and stopped the reaction at 0.5, 1, 1.5, and 2 h for the determination of the total saponin content, respectively. The remaindering 8 sets were reacted in simulated gastric fluid for 2 h, and then transferred into simulated intestinal fluid and kept soaking for another 0.5, 1, 1.5, 2, 2.5, 3, 3.5, and 4 h for the determination of the total saponin content, respectively. An equal amount of saponin power was set as the control group.




2.8. Protective Effect of Capsules under Gastric Acid Conditions


ABTS free radical scavenging ability was used as an antioxidant activity index with reference to Miller’s method [25]. Briefly, after soaking the MGS capsules in simulated gastric fluid for 2 h, the mixture was collected at different time intervals, followed by centrifugation at 8000 r/min for 5 min to collect the supernatant (0.1 mol/mL NaOH, and pH was adjusted to 7). Then, the antioxidant activity in the supernatant was determined by calculating the absorbance value after mixing with ABTS, as did Equation (3) in 2.6.




2.9. Production of the Momordica grosvenorii Beverage


Fresh Momordica grosvenorii was cut into pieces and boiled for 20 min in water. Then the filtered solution was mixed with 0.03% citric acid, 1.5% sugar, 3% xylitol, 0.1% sodium alginate, and the capsules. The contents of MGS, total sugar, total acid, and soluble solids in the beverage were determined, and the stability of the beverage system was analyzed.



Content of MGS: High Performance Liquid Chromatography (HPLC) (Shimadzu. Ltd., JPN, SPD-M20A, Kyoto, Japan) was used for analyzing MGS content by a modified method of Nowicka’s [26]. A 10 μm sample was injected into the C18 chromatographic column (250 nm × 4.6 nm, 5 μm). The elution was carried out at 30 °C at the flow rate of 0.6 mL/min under 203 nm detection wavelength (Equation (4)).


   Content   of   MGS =     A   ×   c     A s     ×   1000     



(4)




where A, c, and As represent the sample MGS peak area, control MGS concentration, and control MGS peak area, respectively.



Determination of pH, Total Titratable Acidity (TTA): The pH was measured periodically by a digital pH meter (PHS-3c, Shanghai Xiao Sheng Instrument Manufacturing, Co., Ltd., Shanghai, China). Total titratable acid was measured by NaOH 0.1 N up to reach pH 8.2, and the milliequivalents (mEq) of citric acid were used to determine TTA (%) (Equation (5)) [27].


   Total   titratable   acid   content =       C   ×   V   1       ×   S   1     V 2       ×   1000   



(5)




where C, V1, V2, and S1 represent the concentration of NaOH, volume of NaOH, volume of sample, and mEq of citric acid, respectively.



Total sugar quantification: Analysis of sugars was performed according to the method described by Kadir et al. [28]. Fehling’s reagent azeotropically boiled with the sample to produce a red precipitate of cuprous oxide. The reaction ended when the blue precipitate disappeared (Equation (6)).


   Total   sugar =   F     ( V   1  /  V 2     ) × V   3       ×   1000   



(6)




where F, V1, V2, and V3 represent the mass of 5 mL of Fehling’s reagent converted to glucose, the volume of the original sample, the volume of the diluted sample, and the volume of Felling, respectively.



Soluble solids content: Soluble solids content was measured by using a handheld saccharimeter following the National Standards of the People’s Republic of China (GB12295-1990, China).



Stability of the capsules: The samples were tested using the Turbiscan (AGS, Formulation. Ltd., Toulouse, France) to analyze the stability of the capsules following Cristián’s steps [29]. The test lasted for 12 h, and scanning was performed every 5 min at a time. The standard sample was set as a control group.




2.10. Statistical Analysis


All experiments were carried out at least in triplicate, with data expressed as mean values ± standard deviation (SD). The data fitting and figures were performed on Origin 2017 software (Origin Lab Corporation, Northampton, MA, USA). ANOVA followed by Tukey’s test was used to determine the significant level between treatments (p < 0.05) using SPSS 25.0 (SPSS Inc., Chicago, IL, USA).





3. Results


3.1. Optimization Conditions


To systematically evaluate the impacts of cCTS, cSA, cCaCl2, SS, ST RSM, and REI on the ER and LE, single-factor experiments were carried out, and the results were presented (Figure 2). As shown in Figure 2a–c, CTS, SA, and CaCl2 solutions were prepared at different concentrations. Firstly, regarding the shell material, the increase in cCTS led to a higher ER, but a lower LE and a more viscous solution happened (Figure 2a). Secondly, there was a consistent trend of cSA on ER and LE, showing a relatively high level at 20 mg/mL and a significant difference compared to the other concentrations. Regarding SA used as the core material that was proportional to MGS, an increase in cSA encapsulated the core material better within a reasonable dosing range. However, exceeding cSA of over 20 mg/mL reduced the encapsulation of the core material, as shown in Figure 2b. Thirdly, CaCl2 acted as a cross-linking agent for SA, which accelerated capsule formation, but changes in cCaCl2 did not make a significant difference in the results (Figure 2c). Hence, CTS (4 mg/mL) and CaCl2 (10 mg/mL) were adopted as the optimal conditions in the following experiment, but the best cSA level required to be analyzed using the orthogonal tests.



Thereafter, as shown in Figure 2d, ST did not significantly affect ER and LE before 60 min, and the optimal ST was set as 30 min. Figure 2e shows that the increase of the SS led to the increase of ER and LE to some degree. However, the over-fast rotation would cause the outer wall solution to become bubbly, which was not conducive to stable capsule titration. Therefore, the best SS was chosen as 1000 r/min.



Subsequently, Figure 2f shows that both ER and LE were significantly affected by REI and peaked at 1:3. Eventually, RSM was evaluated, as depicted in Figure 2g. There were significant differences between ER and LE. However, when RSM was <1:4, the ER increased dramatically, and the LE decreased. When it reached 1:5, the ER would also drop.



The above-mentioned analysis indicated that the main factors affecting the preparation of MGS capsules included cCTS, cCaCl2, SS, and ST. Thus, the optimal conditions for MGS capsule preparation were determined with ER as evaluation indices using a response surface analysis in terms of the three factors cSA, REI, and RSM. It was seen that the magnitude of the effect of the three factors on the ER was RSM (p = 0.0058 < 0.01) > cSA (p = 0.0167 < 0.05) > REI (p = 0.0245 < 0.05). The interaction between cSA (A) and RSM (C) had a significant effect on the ER. To explore the interactions among the three factors, they were plotted in pairs on a response surface diagram of Figure 2h–j. Response surface plots demonstrated that the interaction did have a pronounced effect on ER. The AC group had the steepest response surface, equal to having the greatest impact on ER, which was consistent with the results of the ANOVA (Figure 2i). The optimal conditions predicted by the response surface analysis were 20.8 mg/mL for cSA, 1:414 for RSM, and 1:3.06 for REI, with a predicting ER of 79.0062%. Moreover, the validation experiments, based on the optimal conditions of cSA (20.8 mg/mL), RSM (1:4), and REI (1:3), produced 80.25% of ER with an RSD = 1.8% < 3%. Completely, the real results were in good agreement with the predicted values.




3.2. Analysis of Circular Dichroism Spectra


To show the potential of sodium alginate in wrapping MGS, a CD analysis was performed. As shown in Figure 3, the signal of CD increased with the concentration of MGS, and the peak had a sight wavelength shift. This kind of shift would be concluded as the changes of unit G in SA, resulting in a better encapsulation effect [30].




3.3. MGS Capsule Morphology


Particle size. As seen in Figure 4a, the particle size of prepared MGS capsules averaged 1725 µm and mainly occupied between 1650 µm and 1750 µm. MGS capsules were evenly spherical, showing a slightly opaque milky white, smooth surface, tough and elastic texture, with many small internal bubbles (Figure 4b). Clearly, MGS capsules with small and round surfaces should be easy-to-use in drinking products [31].



Scanning electron microscopy (SEM). The surface of MGS capsules was nearly round and complete, with only a few tiny cracks under 300× magnification, shown in Figure 4c. After magnifying 1200 times, the surface structure was observed much more clearly. As shown in Figure 4d, there was a continuous arrangement of micro-holes, which could be considered as the channel for MGS to release slowly.



Capsules soaking in gastric and intestinal fluid. It was seen that the MGS capsules, soaked in the simulated gastric fluid after 2 h, did not produce a significant change in their appearance (Figure 4e). However, after four hours of disposing of the intestinal fluid, their transparency was further enhanced, and the MGS capsule volume increased dramatically. Hence, it could be inferred that the MGS capsules were broken more quickly in intestinal fluid than in gastric fluid environments.




3.4. MGS Capsule Antioxidant Capacity


The antioxidant activity of MGS capsules is presented in Figure 5. When 5 mg/mL MGS-containing capsules were selected, the ABTS radical scavenging reached 80.72%. Their IC50 was 1.82 mg/mL and corresponded to the Trolox yield of 26.50 μmol/g (Figure 5a,b). The MGS capsules had a DPPH radical scavenging of up to 82.89% when the concentration of MGS was 25 mg/mL. Their IC50 was 9.61 mg/mL and corresponded to a Trolox yield of 3.58 μmol/g (Figure 5c,d). O-Phen test showed that 10 mg/mL MGS-containing capsules had a maximal antioxidant capacity of 19.54% (Figure 5e,f). In our case, the encapsulated MGS showed good antioxidant activity, depending on its concentration.




3.5. Improvement of Antioxidant Capacity in Acidic Conditions


The comparison of the antioxidant activity of total MGS under gastric acid conditions with and without encapsulation is shown in Figure 6. The results indicated that the harsh acidic environment did lead MGS to lose its antioxidant activity, ABTS free radical scavenging effect of MGS became significantly worse. After 2 h of acidic treatment, the MGS lost 77.14% antioxidant capacity, compared with the original state. However, the encapsulated MGS retained nearly 70% of its antioxidant resistance, which could be considered successful conservation. Therefore, microencapsulation of MGS by sodium alginate and chitosan should be a promising strategy to make them work better in the human body.




3.6. Effects of Gastric and Intestinal Fluids on MGS Content


It can be seen from Figure 7 that without embedding, the content of MGS decreased linearly in gastric acid conditions, dropping below 20% at 2 h. After another 0.5 h soaking in intestinal fluid, the MGS was completely decomposed. On the contrary, the MGS capsules were prone to be stable and slow-release in an acidic environment from the inclusion complex. In the gastric fluid, the release of capsules was much slower than non-encapsulate MGS. There were still more than 60% saponins after 2 h of soaking in an acid solution. Some of the released MGS in the first 0.5 h may be attached to the surface of capsules, so it was combined loosely and more easily dissolved. In the first hour in intestinal fluid, the content of MGS dropped quickly due to the high concentrations of acid. Later, the curve flattened out gradually under dilution. Therefore, these data demonstrated the effectiveness of microencapsulation in protecting MGS from challenging gastrointestinal environments and delaying its release in a desirable position.




3.7. The Application of Momordica grosvenorii Beverage


The potential of MGS capsules in drinking with soft and sweet tastes is presented in Figure 8. It was seen that this beverage contained 19 mg/mL MGS determined by the HPLC method (Figure 8a). Its content of total titratable acid was 0.28 mg/mL with a pH of 3.91. The total sugar content was 19.22 mg/mL, and the soluble solids were 5.0%. This drinking had high stability, as observed in Figure 8b,c, demonstrating the stability of the capsules. Compared with the standard sample, the light scattering dropped clearly, which indicated that the MGS embedded in the sodium alginate and chitosan kept a good dispersibility. Our current results proved that the specific beverage containing MGS capsules is worthy of promotion for health direction regarding the ability of the wrapped compound to resist adverse environments and the potential functionality.





4. Discussion


In the present study, CTS and SA were generally recognized as natural polysaccharides and were widely used in micro-encapsulation technologies [32,33,34]. This study showed that MGS capsules made by CTS (4 mg/mL), CaCl2 (10 mg/mL), and SA (20.8 mg/mL) exhibited a maximum ER of 80.25% and a superior LE, which was optimally developed as RES (1:4) and REI (1:3) with stirring at 1000 r/min for 30 min. Several reports have indicated that the SA and CTS capsules are effective in embedding oil and egg yolk [35,36,37]. In addition to good embedding performance, CTS (+) and SA (−) have unique advantages, such as antibacterial properties, easy decomposition, and low toxicity that can be used to form polyelectrolyte complexes particles due to their strong opposite charges [38,39]. The optimized conditions allowed the wrapped MGS to be released through permeation [38] because MGS interacting with SA was more tightly packed, as confirmed by the CD test [40]. As revealed by others, CTS and SA capsules can control the release of capsules and enhance the stability of active materials [41,42,43,44]. In this study, the MGS capsules possessed a remarkable MGS sustained-release property in gastrointestinal fluids compared with the non-encapsulated form, extending the release process from 2.5 h to 6 h. Moreover, MGS capsules could effectively protect the antioxidant ability against the acidic condition, making it three times higher than the non-encapsulated state.



Additionally, fresh Momordica grosvenorii fruits and MGS capsules were used to make one beverage with soft and sweet mouth feels. This beverage obtained 19 mg/mL MGS, which was higher than the ginseng saponins beverage [45]. Like other drinking containing sugar beet saponins, the MGS-based drinking with a pH of 3.91 had higher TTA% (0.28 mg/mL) [46]. Regarding the MGS capsules showing effectiveness in less than pH 1.5 environments, it is believed that the encapsulated MGS should work well in acidic juices, offering potential benefits to health promotion [31]. Additionally, this MGS-based juice holds high stability, one of the key factors affecting the acceptance of consumers [47]. Meanwhile, the involvement of MGS capsules not only protected the saponins from oxidants and adverse interactions with other ingredients in the drink [41] but also enabled the precise and effective release of saponins and improved the functionality of the drink greatly [48]. Therefore, the addition of encapsulated MGS should be one innovation for the development of fruit juice products. To our knowledge, this is the first report that MGS microcapsules with enhanced antioxidant activity are supplemented to the beverage products processed by the fruits.



In summary, the formation of MGS capsules effectively strengthens the antioxidant activity of MGS, overcoming the limitation of its sensitivity to acidic surroundings and becoming available for the successful manufacture of Momordica grosvenorii fruits-based juice.
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Figure 1. The fruit of Momordica grosvenorii (a) and the chemical structure of MGS (b). 
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Figure 2. Factors affecting MGS capsule preparation. Effect of (a) cCTS; (b) cSA; (c) cCaCl2; (d) ST; (e) SS; (f) REI; (g) RSM on the encapsulation rate (ER) and loading efficiency (LE); three-dimensional surface plots showing the effect of varying components (h) cSA; (i) REI; (j) RSM on ER; a,b,c,d, ab, and bc in the line chart means the difference of significance among the groups. 
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Figure 3. CD spectra of sodium alginate with different concentrations of MGS with the wavelength as the horizontal coordinate and the ellipticity as the vertical coordinate. 
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Figure 4. Characteristics of MGS capsule appearances. (a) particle size distribution; (b) micro-graph; (c) SEM morphology under 300 magnifications; (d) SEM morphology under 1200 magnification; (e)macroscopic characteristics of MGS capsule’s changes after stimulated gastrointestinal environments. 
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Figure 5. Evaluation of encapsulated MGS antioxidant capacity. (a,b) ABTS determination; (c,d) DPPH determination; and (e,f) O-Phen determination. 
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Figure 6. The comparison of antioxidants of MGS before and after embedding in acidic conditions,the letter a and b represents a significant difference between the two groups. 
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Figure 7. The comparison of the MGS release before and after embedding in gastric and intestinal conditions. 






Figure 7. The comparison of the MGS release before and after embedding in gastric and intestinal conditions.



[image: Beverages 08 00070 g007]







[image: Beverages 08 00070 g008 550] 





Figure 8. The properties of MGS-based drinking. (a) MGS content determined by HPLC; the light scattering spectra of (b) standard solution and (c) MGS-based drinking sample. 
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Table 1. Designation of possible factors affecting the encapsulation efficiency of MGS.
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	Gradient
	No. 1
	No. 2
	No. 3
	No. 4





	cSA (mg/mL)
	10
	15
	20
	25



	cCTS (mg/mL)
	2
	4
	8
	10



	cCaCl2 (mg/mL)
	5
	10
	15
	20



	SS (r/min)
	600
	1000
	1400
	1800



	ST (min)
	15
	30
	45
	60



	REI
	1:2
	1:3
	1:4
	1:5



	RSM
	1:2
	1:3
	1:4
	1:5







The values in italics in each group were fixed values for the other groups.
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