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Abstract

:

Obesity is a prevalent chronic disease worldwide. In this study, we screened lactic acid bacteria (LAB) suitable for fermenting Shenheling extract (SHLE) to enhance its anti-obesity efficacy and improve flavor. Using SHLE as the medium, a single strain was inoculated and the lactic acid bacteria suitable for growth in SHLE were preliminarily screened through a growth curve. The growth of the initially screened LAB was characterized in detail by the pH value, titration acidity and viable bacteria count. At the same time, appropriate LAB were selected with the lipase activity inhibition rate, α-glucosidase activity inhibition rate and a sensory evaluation as the response indicators. As a result, 6 of the 12 strains of lactic acid bacteria grew well in SHLE. The fermentation of five representative LAB could significantly improve the inhibition rate of the lipase activity of SHLE and maintain the inhibition rate of the α-glucosidase activity at a high level. In addition, fermentation removed the original flavors of SHLE such as grass, bitterness and cassia and added a sour taste, fruity aroma and cool taste. Among them, Lactobacillus fermentum grx08 and Lactobacillus rhamnosus hsryfm1301 gave SHLE a soft sour taste after fermentation. L. fermentum grx08, L. rhamnosus grx10 and hsryfm1301 imparted a moderately fruity aroma to SHLE after fermentation. In summary, L. fermentum grx08 and L. rhamnosus hsryfm1301 were the candidate strains for fermenting SHLE to produce good-flavored slimming functional drinks.
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1. Introduction


Obesity is a public health problem that is prevalent worldwide. It is a risk factor for chronic non-communicable diseases such as diabetes, hyperlipidemia, non-alcoholic fatty liver and hypertension [1]. It is also disadvantageous to infectious diseases such as COVID-19 [2,3]. The main problem of obesity is the long-term positive energy balance; that is, the absorption of energy is longer than the consumption of energy. Therefore, inhibiting the digestion and absorption of energy substances is an important strategy for the treatment of obesity. Often, attempts are made to reduce fat and carbohydrate absorption [4]. Orlistat is a commonly used lipase inhibitor for weight loss, but it can cause side effects such as diarrhea, oily stools and the malabsorption of fat-soluble vitamins [5]. Therefore, it is a new trend to find lipase inhibitors without side effects from natural raw materials such as herbal medicines and edible plants [6].



In the treatment strategy of complex diseases such as obesity, an increasing number of research results and a consensus show that compounds with multiple targets are better than drugs with single targets [7,8,9]. Natural herbal or botanical formulas have shown clinically better weight-loss effects. In countries such as China [10,11], Japan [12,13], South Korea [14] and Australia [15,16], clinical trials of herbal or plant compounds for weight loss have been carried out with the population as the research object. All showed that the compound was both safe and effective. However, herbal or botanical compounds often have unpleasant odors and tastes, which limit their promotion and application in obese people. Recently, Archer Daniels Midland (ADM) published a 2022 nutritional and dietary supplement consumption trend forecast report, showing that, in the context of the global epidemic, consumers are increasingly demanding plant-based functional products. Fifty-eight percent of global consumers require functional products to have a good flavor and taste and put forward the requirements of convenience and compliance with daily dietary habits in dosage forms such as functional food and beverages that are absolutely attractive [17].



Just as obesity is formed over time, losing weight is also a long-term behavior. Therefore, for obese people, there is an urgent need for safe and effective plant-based weight-loss products that conform with dietary habits and have good flavors. Fermented products are generally preferred flavor products. Gil-Rodríguez et al. [18] found that lactic acid bacteria (LAB) fermentation could improve the lipase inhibitory activity of milk. Jeong et al. [19] found that LAB (Lacticaseibacillus rhamnosus MG4502, Lactobacillus gasseri MG4524, Limosilactobacillus reuteri MG5149 and Weissella cibaria MG5285) exhibited α-glucosidase inhibitory activities (>60.3%). Yi et al. [20] found that fermented ginseng could block adipogenesis in mesenchymal stem cells. Pan et al. [21] showed that a lemon peel fermentation supernatant could inhibit the weight gain of mice and improve the lesions of the liver and epididymal adipose tissue. However, the current studies on the anti-obesity effects of fermented herbs mainly focus on a single raw material; there are very few reports on fermented compounds. A multinational international study found that worldwide, the consumption habits of consumers and the consumption of beverages are increasing [22]. Other studies have found that controlling or replacing the consumption of sugary drinks can effectively reduce the incidence of obesity [23]. Shi et al. [24] found that LAB fermentation could remove the bad flavors (such as grass) of peas. Turmeric has shown an anti-obesity efficacy in high-fat-diet rats after fermentation [25,26]. It can also improve flavors; thus, it has the potential to be developed into an anti-obesity functional drink [27]. To the best of our knowledge, there are few reports about LAB-fermenting plant-based compound slimming drinks. Therefore, the development of plant-based drinks with weight-loss effects to replace sugary drinks is necessary and feasible for the treatment of obese individuals and the prevention and control of obese groups.



In this study, we used Shenheling extract (SHLE), a plant formula extract used for weight loss in China, as the culture substrate to screen LAB suitable for fermentation. With the lipase inhibitory activity, the α-glucosidase inhibitory activity and a sensory evaluation as the response indicators, lactic acid bacteria that improved the flavor of SHLE and improved the anti-obesity efficacy properties were preferred. In this study, we provide basic research experience for the development of LAB-fermented botanical beverages with a good flavor and weight-loss effects.




2. Materials and Methods


2.1. Chemicals


p-Nitrophenyl palmitate, p-nitrophenyl α-D-glucopyranoside (p-NPG), pancreatic lipase, orlistat and acarbose were all purchased from Shanghai Macklin Biochemical Technology Co., Ltd. α-Glucosidase, gallic acid, rutin and anhydrous glucose were obtained from Shanghai Yuanye Biotechnology Co., Ltd., China. A Folin–Ciocâlteu reagent was purchased from Sangon Bioengineering (Shanghai) Co., Ltd., China. The rest of the chemicals, reagents, consumables and culture media were purchased from National Pharmaceutical Chemical Reagent Co., Ltd., Shanghai, China.




2.2. Preparation and Fermentation of SHLE


SHLE was prepared according to our previous study [28]. The raw materials and proportions of SHL are shown in Table 1. The fully crushed SHL powder and ultrapure water were mixed evenly at a ratio of 1:10 (g/mL), soaked at room temperature for 30 min, heated at 100 °C for 30 min and cooled and centrifuged at 4000× g for 10 min. The supernatant was taken as SHLE.



In this study, 12 LAB strains belonging to the Dairy Experimental Center (Jiangsu Provincial Key Lab of Dairy Biotechnology and Safety Control, Yangzhou University, China) were used (Table 2).



The strains of Lactobacillus were inoculated into a conventional MRS medium and cultured at 37 °C for 18 h. The cells were then centrifuged at 5000× g for 1 min, the supernatant was poured out, sterile normal saline was added to wash the precipitated bacteria and washing was repeated twice. Finally, the bacterial suspension was obtained by resuspending the bacteria in sterile physiological saline and adjusting the OD600 to 1.0. The above bacterial suspension was inoculated into SHLE at a ratio of 3% (v/v) and then cultured under anaerobic conditions at 37 °C for 72 h. After inoculation, 20 mL was sampled immediately, of which 2 mL was used to count the living bacteria and the rest was centrifuged at 5000× g for 5 min. The supernatant was taken as the fermentation broth for 0 h and stored at −80 °C until use. After that, the samples were obtained and treated according to the above method every 6 h until the end of fermentation at 72 h. Freshly inoculated SHLE was aspirated (300 µL) into a honeycomb plate, placed into a preheated automatic growth curve instrument and cultivated at 37 °C for 72 h. The OD600 value was measured and recorded every 2 h and used to draw the growth curves.




2.3. Determination of Live Bacterial Count, pH and Titratable Acidity


The number of living bacteria in the sample was determined by the plate colony counting method. The pH value was measured by an FE20 pH meter (METTLER TOLEDO Int. Ltd., Zurich, Switzerland). The pH meter was calibrated with pH 4.01 and 6.86 standard buffer solutions before use. The determination method of titratable acidity was as follows: 5 g of the sample was weighed and titrated by a 0.1 mol/L NaOH solution until a pH value up to 7.0 was reached [28]. The volume of the NaOH solution consumed by the above process was recorded as V mL.


Titratable acidity value (°T) = V × 20.



(1)








2.4. Determination of Total Polysaccharide Content (TPSC)


The TPSC in the sample was determined by the phenol–sulfuric acid method and slightly modified according to the method of Nazeam et al. [29]; anhydrous glucose was used as the standard. First, the samples were diluted 50-fold with distilled water. A total of 0.5 mL of the diluted sample, 0.5 mL of a 6% phenol solution and 2.5 mL of concentrated sulfuric acid were then added, mixed well and allowed to stand at 25 °C for 30 min. Finally, 200 µL was pipetted into a 96-well plate and the absorbance at 490 nm was measured by a spectrophotometer (Thermo Fisher Co., Ltd., Waltham, MA, USA) [28]. The data were expressed as mg of the glucose equivalent (GlcE) per mL of SHLE.




2.5. Determination of Total Flavonoid Content (TFC)


The TFC was determined by the aluminum nitrate colorimetric method with rutin as the standard and slightly modified according to the method of Chen et al. [30]. The sample (0.5 mL) was mixed with 0.05 g/mL NaNO2 (1 mL) and allowed to stand for 6 min. An amount of 0.1 g/mL Al (NO3)3 (1 mL) was then added, mixed evenly and allowed to rest for 6 min. Next, 0.04 g/mL NaOH (3 mL) was added, mixed evenly and allowed to rest for 15 min. Finally, 200 µL was pipetted into a 96-well plate and the absorbance at 510 nm was measured by a spectrophotometer (Thermo Fisher Co., Ltd., Waltham, MA, USA). The data were expressed as milligrams of rutin equivalent (RE) per milliliter of SHLE [28].




2.6. Determination of Total Polyphenol Content (TPC)


The TPC was slightly modified according to the research of Derakhshan et al. [31]. As determined by the Folin–Ciocâlteu method, a standard curve was prepared with gallic acid as the standard. A total of 400 µL of Folin–Ciocâlteu reagent was added to 100 µL of the standard or sample and mixed well. After 1 min, 300 µL of 10% sodium carbonate was added to the mixture, mixed well, brought to a volume of 5 mL with ultrapure water and incubated at room temperature for 60 min. Finally, 200 µL was pipetted into a 96-well plate. The absorbance was measured at 765 nm by a spectrophotometer (Thermo Fisher Co., Ltd., Waltham, MA, USA) [28]. The data were expressed as mg of the gallic acid equivalent (GAE) per mL of SHLE.




2.7. Determination of Pancreatic Lipase Activity Inhibition


The method mentioned in the study of Kim et al. was slightly modified [32]. In a 280 µL reaction system, 180 µL of pH 7.2 phosphate buffer, 40 µL of the sample and 20 µL of 10 mM p-NPP (p-nitrophenyl palmitate) were added in succession and incubated at 37 °C for 10 min. A total of 40 µL of 10 mg/mL pancrelipase solution was then added, fully mixed and incubated at 37 °C for 15 min, followed by the immediate addition of 200 μL of absolute alcohol to terminate the reaction. The mixture was centrifuged at 10,000× g for 2 min and the supernatant was taken. The absorbance was measured at a wavelength of 405 nm by a spectrophotometer (Thermo Fisher Co., Ltd., Waltham, MA, USA) and recorded as B1. The sample was replaced with a phosphate buffer as the sample blank control and recorded as B0. The sample without inhibitors was taken to measure the inhibitor-free activity and denoted as A1; the corresponding negative control without an enzyme was used as a negative control without an inhibitor and denoted as A0 [28]. Orlistat was used as a positive control:


Lipase activity inhibition (%) = (1 − (B1 − B0)/(A1 − A0)) × 100.



(2)








2.8. Determination of α-Glucosidase Activity Inhibition


The method mentioned in the literature by Silva et al. was slightly modified [33]. A total of 100 μL of a pH 6.8 phosphate buffer, 20 μL of the sample and 20 μL of 20 mM p-NPG were added to a 96-well plate and incubated at 37 °C for 10 min; 20 μL of a 1 U/mL α-glucosidase solution was then added, mixed well and incubated at 37 °C for 15 min. A spectrophotometer (Thermo Fisher Co., Ltd., Waltham, MA, USA) was immediately used to measure the absorbance at a wavelength of 405 nm and the absorbance was recorded as B1. The sample was replaced with a phosphate buffer as a sample blank control and recorded as B0. The sample without an inhibitor was used to measure the inhibitor-free activity and was recorded as A1. Correspondingly, the negative control without an inhibitor lacked an enzyme and was recorded as A0 [28]. Acarbose was used as a positive control:


Inhibition of α-glucosidase activity (%) = (1 − (B1 − B0)/(A1 − A0)) × 100.



(3)








2.9. Sensory Evaluation


Ten students who received professional sensory analysis training were selected to form an evaluation group and a sensory evaluation of the fermentation broth was conducted according to the sensory evaluation standards (Table S1). The experimental scheme was approved by the ethics committee of Yangzhou University (No. YZU-LPXY-012, Hanjiang District, Yangzhou, China) and conformed with the ethical principles specified in the Declaration of Helsinki.




2.10. Statistical Analysis


All samples were repeated three times. The statistical analysis was performed using SPSS 22 (Statistical Package for the Social Science, SPSS Inc., Chicago, IL, USA). The results were presented as the means ± SEs and the differences among the different samples were analyzed using a one-way analysis of variance (ANOVA, Tukey). Values of p < 0.05 or p < 0.01 were considered to be statistically significant. The heatmap data were processed using the min–max normalization method. The graphics were created using GraphPad Prism 9 (San Diego, CA, USA) software.





3. Results


3.1. Growth of Strains in SHLE


The growth of the 12 strains in this study in SHLE is shown in Figure 1. Overall, Lactobacillus plantarum (S7, 67 and P11) grew better. There were also differences in strains within the same species. For example, the hsryfm1301 and grx10 strains of Lactobacillus rhamnosus grew better whereas the LV108 strain grew poorly. The strain grx08 in Lactobacillus fermentum grew better whereas M91 grew worse. Finally, five strains—S7, 67, grx10, 1301 and grx08—were selected for further study.




3.2. Changes in pH, Titratable Acidity and Viable Count during SHLE Fermentation


The degree of pH reduction relative to the unfermented SHLE represented the growth performance of the strain. After 18 h of fermentation, the selected 5 strains of LAB could reduce the pH of SHLE to 4.0 or below (Figure 2A). Among them, the pH value of L. plantarum S7 and L. rhamnosus grx10 decreased to below 3.5 after 40 h of fermentation. Total acidity (measured as the titrated acidity) directly affects the mouthfeel and flavor of a beverage. After fermentation, the titrated acidity significantly increased and each strain basically reached a relatively stable acidity at 72 h of fermentation (Figure 2B). Among them, L. plantarum (S7 and 67) had a faster acid production rate. L. plantarum S7 and L. rhamnosus grx10 had titrated acidity above 100°T at the end of fermentation. In contrast, the acid production curves of L. fermentum grx08 and L. rhamnosus hsryfm1301 were relatively flat. The number of viable bacteria is an important indicator of viable bacteria in beverages. The number of viable bacteria of the five strains fermented in SHLE for 18 h to the end of fermentation was maintained above 108 CFU/mL (Figure 2C). Among them, the viable count of L. fermentum grx08 slowly increased, but remained the highest at the end of fermentation.




3.3. Effects of LAB Fermentation on the Components of SHLE


The active substances showed a gradual decreasing trend during the fermentation of lactic acid bacteria (Figure 3). Polysaccharides were the most utilized or influenced by the lactic acid bacteria (Figure 3A) and polyphenols were the least utilized (Figure 3C). In the comparison of different species/strains, it could be seen that L. plantarum (S7 and 67) consumed more polysaccharides and flavonoids (Figure 3A,B). L. rhamnosus hsryfm1301 had the least utilization of polysaccharides (Figure 3A), but had a great influence on the utilization of polyphenols (Figure 3C). L. fermentum grx08 had the least effect on the utilization of flavonoids (Figure 3B).




3.4. Effects of LAB Fermentation on the Inhibition of the Energy Digestive Enzyme Activity of SHLE


LAB fermentation significantly increased the inhibition rate of the pancreatic lipase activity of SHLE (p < 0.05) and finally stabilized at approximately 93% (Figure 4a). Conversely, fermentation resulted in a slightly lower inhibition of the α-glucosidase activity of SHLE (Figure 4b). Figure 4c shows that the five types of LAB fermentation for 72 h increased the lipase activity inhibition rate of SHLE to the inhibition level of 0.5 mg/mL orlistat (positive control). However, the α-glucosidase activity inhibition rate slightly decreased after fermentation (Figure 4d). The reduction in L. fermentum grx08 and L. plantarum S7 fermentation was, however, not significant (p > 0.05).



The pH generally has an effect on the enzyme activity. After adjusting the pH of the samples before and after SHLE fermentation to 7, the inhibition rate of the lipase activity significantly decreased; except for L. plantarum S7, the rest were significantly higher than those of SHLE (p < 0.05). The effect of pH on the inhibition rate of the α-glucosidase activity was less than that of lipase. After a pH adjustment, only L. rhamnosus grx10 and L. plantarum 67 exhibited significantly lower α-glucosidase activity inhibition rates than SHLE (p < 0.05).




3.5. Effects of Different LAB Fermentations on the Flavor of SHLE


The fermentation of LAB significantly improved the sensory score of SHLE (p < 0.05, Figure 5). Fermentation removed the bad flavors of grass, bitterness and cassia of SHLE. At the same time, fermentation significantly increased the sour taste and fruity flavor of SHLE and gave SHLE a cool taste (p < 0.05). In terms of the sour taste, the fermentation of L. rhamnosus grx10 and L. plantarum (S7 and 67) was too high and the sour taste was stronger whereas the sour taste of L. rhamnosus hsryfm1301 and L. fermentum grx08 was softer. In the presence of a fruit aroma, L. fermentum grx08 and L. rhamnosus grx10 were better than L. plantarum S7 and 67 (p < 0.05).



The differences in the substance content, inhibition of energy-related enzyme activity and sensory score of SHLE fermented by different strains were compared by a heatmap (Figure 6). Judging from the inhibition rate of the enzyme activity and the sensory evaluation, L. fermentum grx08 and L. rhamnosus hsryfm1301 could be used as alternative strains for SHLE fermentation; the two strains also retained relatively more active substances in the fermentation.





4. Discussion


An enhancement of the anti-obesity effects of herbal or botanical materials by microbial fermentation has been reported in several studies. Bifidobacterium breve-fermented Pueraria (Pueraria lobata (Willd.) Ohwi) was better than an unfermented one in improving high-fat-diet-induced dyslipidemia in mice [34]. Dealcoholized apple juice sequentially fermented with Saccharomyces cerevisiae and L. plantarum improved obesity and fatty livers in mice on a high-fat diet better than unfermented apple juice [35]. However, only Hong et al. [36] studied the potential of yogurt fermented with safflower extract to inhibit pancreatic lipase in vitro; Noureen et al. [37] studied the inhibitory effect of fermented rice bran on lipase activity. Our previous study also found that SHLE fermented with L. fermentum grx08 significantly enhanced the anti-obesity efficacy [28]. In this paper, we established an in vitro method for screening the strains suitable for growth in SHLE, which could enhance the anti-obesity activity and improve the flavor but could not be over-grown or consume too many active substances.



The nutritional composition of SHLE is relatively comprehensive and 50% of the selected LAB could grow normally in it. In terms of species, L. plantarum (S7, 67 and P11) grew well in SHLE, which may be related to the fact that this species generally comes from plant fermentation materials. L. plantarum generally carries genes for enzymes that decompose plant-derived nutrients such as polysaccharides. Therefore, L. plantarum S7 and 67 consumed the most total substances. There are also differences in strains within the same species. For example, L. rhamnosus grx10 grew best, hsryfm1301 grew moderately and LV108 grew very poorly.



Flavonoids are important substances for the inhibition of pancreatic lipase activity [38]. During the fermentation process, LAB consumed a portion of the flavonoids, but the inhibition rate of the lipase activity increased. One of the reasons may be that fermentation reduces acidity and has an effect on the activity of enzymes [18]. As a result, except for L. plantarum S7, the fermentation of the other four LAB still significantly improved the lipase activity inhibition rate of SHLE. Flavonoids containing different groups have different inhibitory effects on pancreatic lipase activity and a few new methoxy flavonoids may be produced by fermentation that have a stronger inhibitory ability [38]. For example, Xu et al. [39] found that β-glucuronidase produced by Lactobacillus brevis RO1 enhanced baicalin to baicalein and wogonoside to wogonin in Scutellaria baicalensis during fermentation, which improved the biological activity. The fermentation of 3-hydroxyflavone with Beauveria bassiana (ATCC 13144) yielded 3,4′-dihdroxyflavone, flavone 3-O-β-D-4-O-methylglucopyranoside and two minor metabolites [40]. These results all indicate the possibility of fermentation to produce new flavonoids. Obesity requires a long-term adherence to a treatment. A good flavor of weight-loss functional drinks is an important basis for consumers to insist on when drinking for a long time. However, there are few research reports on improving the flavor of functional diet drinks through LAB fermentation. In this study, fermentation removed the grassy taste of SHLE, which was consistent with the report by Shi et al. [24] who observed that the grassy taste of peas was removed by fermentation with LAB. The removal of the cassia odor in this fermentation may have been related to the conversion of cinnamaldehyde with the cassia flavor into cinnamyl alcohol with a fruit flavor by microbial fermentation [41]. The bitterness was removed in this fermentation; one of the reasons may have been that the fermentation metabolized the bitter substances [42]. Another reason may be that the sour taste produced by the fermentation masked the bitter taste. Ye et al. [43] also believed that the microbial fermentation of tea to convert substances such as alkaloids and polyphenols reduced bitterness and astringency. Studies have shown that bitter compounds such as ginsenosides in ginseng [44] and momordicoside in balsam pears [45] exist in the form of glycosides; however, microorganisms can de-bitter them by the hydrolysis of glycosides [45]. Finally, the number of viable bacteria after fermentation reached more than 108 CFU/mL, which met the requirements of viable bacteria-type LAB beverages (the number of viable bacteria ≥ 106 CFU/mL).



Overall, these results indicated that the LAB fermentation of SHLE could improve the inhibition of the pancreatic lipase activity and maintain the original level of SHLE inhibition of the α-glucosidase activity, showing an inhibition of fat and carbohydrate digestion as well as the absorption potential and may have beneficial effects on obesity. In addition, fermentation improved the original grassy, cassia and bitter taste of SHLE, boosting its overall sensory score. However, the mechanisms by which these beneficial effects were achieved along with wider population acceptance and in vivo weight-loss effects require further study.




5. Conclusions


The results of this study showed that different strains of LAB had the ability to ferment SHLE and partially inhibit the activities of pancreatic lipase and α-glucosidase in vitro. It also removed the undesired grassy, cassia and bitter tastes. Judging from the inhibition rate of the enzyme activity and the sensory evaluation, SHLE fermented with L. fermentum grx08 and L. rhamnosus hsryfm1301 is a good candidate as a functional drink for weight loss with a good flavor. However, further studies are needed to evaluate the anti-obesity potential of these fermented products in appropriate in vivo models.
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Figure 1. Growth curves of different lactic acid bacteria in SHLE. 
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Figure 2. Changes in pH value (A), titratable acidity (B) and viable bacteria count (C) of SHLE fermented by different LAB. Values are expressed as the mean ± standard deviation of replicate experiments (n = 3). 
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Figure 3. Changes in the contents of functional components in SHLE fermented by LAB. (A) Total polysaccharide, (B) total flavonoid and (C) total polyphenol. Values are expressed as the mean ± standard deviation of replicate experiments (n = 3). 
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Figure 4. Effects of different LAB fermentations on the inhibition of SHLE energy-digesting enzyme activity. (a) The change in lipase activity inhibition rate during fermentation, (b) the change in α-glucosidase activity inhibition rate during fermentation, (c) inhibition rate of lipase activity in 72 h fermentation samples and (d) inhibition rate of α-glucosidase activity in 72 h fermentation samples. Values are expressed as the mean ± standard deviation of replicate experiments (n = 3). Different letters indicate a significant difference (p < 0.05). 
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Figure 5. Effects of fermentation with different lactic acid bacteria on SHLE flavor. (A) Sensory scoring radar chart and (B) total score of sensory evaluation. Values are expressed as the mean ± standard deviation of replicate experiments (n = 10). Different letters indicate a significant difference (p < 0.05). 






Figure 5. Effects of fermentation with different lactic acid bacteria on SHLE flavor. (A) Sensory scoring radar chart and (B) total score of sensory evaluation. Values are expressed as the mean ± standard deviation of replicate experiments (n = 10). Different letters indicate a significant difference (p < 0.05).



[image: Fermentation 08 00482 g005]







[image: Fermentation 08 00482 g006 550] 





Figure 6. Heatmap analysis of the substance content, the activity of inhibiting energy-related enzymes and the sensory flavor of SHLE by the fermentation of different strains. The data were processed by min–max normalization with the formula (x − min)/(max − min). The changes in color and shade from green to red represent the magnitude of the value from 0 to 1. 
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Table 1. The composition and proportions of SHL.
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	Latin Scientific Name
	Herbal Medicine
	Chinese Name
	Plant Part
	Weight (g)





	Panax ginseng C. A. Meyer
	Ginseng
	Renshen
	Root
	10



	Nelumbo nucifera Gaertn.
	Lotus leaf
	Heye
	Leaf
	6



	Poria cocos (Schw.) Wolf.
	Poria cocos
	Fuling
	Dry sclerotia
	10



	Vigna umbellata (Thunb.) Ohwi et Ohashi
	Rice bean
	Chixiaodou
	Seed
	10



	Citrus sinensis (Linn.) Osbeck
	Tangerine peel
	Chenpi
	Pericarp
	3



	Cinnamomum cassia Presl
	Cassia
	Rougui
	Cortex
	1










[image: Table] 





Table 2. Species and strain names used in this study.
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	No.
	Species and Strain Names
	Short Name





	1
	Lactobacillus plantarum S7
	S7



	2
	Lactobacillus plantarum 67
	67



	3
	Lactobacillus plantarum P11
	P11



	4
	Lactobacillus rhamnosus hsryfm1301
	1301



	5
	Lactobacillus rhamnosus grx10
	grx10



	6
	Lactobacillus rhamnosus LV108
	LV108



	7
	Lactobacillus paracasei M64
	M64



	8
	Lactobacillus fermentum M91
	M91



	9
	Lactobacillus fermentum grx08
	grx08



	10
	Leuconostoc K1A1
	K1A1



	11
	Lactobacillus casei grx12
	grx12



	12
	Lactobacillus acidophilus grx95
	grx95
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