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Abstract

:

The present study evaluated the nutritional values and in vitro fermentation characteristics of 29 different Chinese herbs in order to develop effective feed additives for livestock nutrition. The Chinese herbs were analyzed for their chemical composition. The in vitro fermentation characteristics were evaluated using the gas production technique with swine cecal chyme inoculum. The results showed that the Allium tuberosum Rottl (Semen allii tuberosi, SAT) had the highest gross energy (GE), crude protein (CP), ether extract (EE), and total amino acid (TAA) contents, whereas Anemones raddeanae Rhizoma (Agstache rugosus, AR) had the highest crude fiber, neutral detergent fiber, and acid detergent fiber contents compared with the other Chinese herbs. The Rhus chinensis Mill (Chinese gall, CG), Scrophularia ningpoensis Hemsl (Radix scrophulariae, RS), Punica granatum L (Punica granatum L, PGL), Atractylodes macrocephala Koidz (White atractylodes rhizome, WAR), Sanguisorbae radix (Garden burnet, GB), Anemarrhena asphodeloides Bunge (Rhizoma anemarrhenaw, RA), and Rhei radix Et Rhizoma (Rheum officinale, RO) had a higher non-fiber carbohydrate content than the other Chinese herbs. The in vitro fermentation kinetic analysis showed that the RS, WAR, and RA had a higher gas production, a theoretical gas production, and a fractional rate of gas production than the other groups. Furthermore, the RA, WAR, RS, and Crataegi fructus (Crataegus pinnatifida Bun, CPB) had a higher total short-chain fatty acids (SCFAs) concentration, and CPB had the highest acetate concentration, whereas the WAR and RS had higher propionate and butyrate concentrations than the other groups. Moreover, the Isatis indigotica Fort (Folium isatidis, FI) and SAT had higher ammonia-N concentration than the other groups. In summary, among the 29 different Chinese herbs, the SAT had the highest nutritional value, which is reflected in the highest contents of GE, CP, EE, and TAA, whereas the RA, WAR, and RS showed better intestinal fermentation profiles, which is reflected in the higher fermentation degree and suitable SCFAs fermentation pattern. These findings provide a theoretical basis for using Chinese herbs as feed additives or microbial carbon sources in the intestines of animals.






Keywords:


chemical composition; Chinese herbs; fermentation; nutritional values; short-chain fatty acids












1. Introduction


Chinese herbs and their extracts are natural plant products and present the unique advantages of low cost, reduced toxicity, and fewer side effects. Chinese herbs and their extracts also have the characteristics of lower harmful residues, less drug resistance, and are non-polluting for the environment [1,2]. At present, Chinese herbs or their extracts have been found to increase feed intake and digestibility, enhance the utilization of feed proteins, relieve stress, resist harmful microbiota, and improve the growth and reproductive performance in animal production [2,3,4]. For example, microecologics made from Chinese herbs and probiotics can improve broilers’ growth performance, immune function, and intestinal health [5]. A recent study also showed that the supplementation of Chinese herbs improved growth performance, meat quality, immune function, and the nutrient digestibility of pigs [6]. Thus, Chinese herbs as natural feed additives have attracted extensive attention [3].



The in vitro fermentation technology is commonly used to evaluate the nutritional values of ruminant feed. In recent years, it has also been used as an important approach to investigate the effects of diet and additives on gut microbial fermentation characteristics of pigs [7,8]. Generally, animal experiments are time-consuming, laborious, and expensive. Using intestinal chyme as inoculation material for in vitro fermentation is a simple and economical method to predict the nutritional values of fermentation substrates [9]. Therefore, we hypothesized that Chinese herbs would be effective feed additives and they might have better fermentation characteristics in the intestines of livestock. Thus, the present study evaluated the nutritional values and in vitro fermentation characteristics of 29 different Chinese herbs to provide the theoretical basis for further development and application of Chinese herbs as feed additives in animal production. Furthermore, this study explored the mechanism of action of different Chinese herbs from the perspective of nutritional values and fermentation characteristics.




2. Materials and Methods


2.1. Preparation of Chinese Herbs


A total of 29 different Chinese herbs were used in the present study because of their low price, large output, and common use. They were purchased from Changsha Medicinal Materials Co., Ltd. (Changsha, Hunan, China; Table 1). The Chinese herb samples were air-dried, pulverized through 40 mesh sieves, packed in hermetical plastic bags, and stored at 4 °C for further analysis. The in vitro experiment was a completely randomized block design with 3 runs, and each Chinese herb had 3 fermentation bottles for each run (replicates).




2.2. Analysis of Chemical Composition


The contents of dry matter (DM; method 945.15), organic matter (OM; method 942.05), ether extract (EE; method 920.39), and crude protein (CP; method 945.01, total N × 6.25) were analyzed according to the AOAC methods [10]. Gross energy (GE) was measured using an isothermal automatic calorimeter (5 EAC8018; Changsha Kaiyuan Instruments Co., Ltd., Changsha, China). The contents of crude fiber (CF), neutral detergent fiber (NDF), and acid detergent fiber (ADF) were determined according to the methods described by Van Soest et al. [11]. A heat stable α-amylase and sodium sulphite were added and expressed as residual ash. The routine nutritional composition of each Chinese herb sample was analyzed only once.



Approximately 1 g of each Chinese herb was weighed in an ampoule, added to 10 mL of 6 mol/L hydrochloric acid, and then mixed. After being sealed with an alcohol burner, the mixture was digested at 110 °C for 24 h, diluted to 100 mL with distilled water, and then 2 mL of the mixture solution was pipetted through a 0.45-µm microporous membrane. The contents of amino acids (AAs) were determined by a L-8800 automatic amino acid analyzer (Hitachi, Tokyo, Japan), and the total AA (TAA) content was calculated. The AAs composition of each Chinese herb sample was analyzed only once.




2.3. In Vitro Batch Incubation


About 0.5 g of each of the Chinese herb samples were accurately weighed into 135 mL fermentation bottles. The buffer solution was prepared using the method as previously described by Barry et al. [12]. The microculture buffer medium contained as follows (g/L): NaHCO3 (9.240), Na2HPO3·12H2O (7.125), NaC1 (0.470), KC1 (0.450), Na2SO4 (0.100), CaC12 (0.055), MgC12 (0.047) and urea (0.400). It was then diluted to 1 L with distilled water and mixed vigorously. The trace buffer medium contained as follows (mg/L): FeSO4·7 H2O (3680), MnSO4·7 H2O (1900), ZnSO4·7 H2O (440), CoC12·6 H2O (120), CuSO4·5 H2O (98) and Mo7(NH4)6 O2·4 H2 O (17.4), diluted to 1 L with distilled water and mixed vigorously, and then 10 mL of trace buffer medium was added to a 1 L microculture buffer medium.



Cecal chyme samples were obtained from three Ning Xiang pigs with an average body weight of 60 ± 2.5 kg. The pigs were euthanized using an electric shock (120 V, 200 Hz), then the cecal chyme samples were collected aseptically and immediately placed in sterile thermos bottles pre-filled with CO2 and mixed properly. The cecal chyme and buffer medium (1:10, w/v) were mixed and filtered through four layers of cheesecloth into insulated thermos bottles. The CO2 was continuously flushed into the culture solution for 30 min at 37 °C (pH 6.9–7.0), and then added 60 mL of culture solution into the bottle under a stream of CO2 at 37 °C. Bottles were immediately placed into the constant temperature shaker (ZWY-200 D; Zhicheng Instruments Co., Ltd., Shanghai, China) for 48 h at 37 °C and 55 r/min. The gas production was recorded at 0.5, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 30, 36, and 48 h.




2.4. Analysis of Short-Chain Fatty Acids (SCFAs), pH and Ammonia-N (NH3-N)


The SCFAs concentrations, including acetate, propionate, butyrate, isobutyrate, valerate, and isovalerate were measured by gas chromatography (Agilent 7890 A, Agilent Inc., Palo Alto, CA, USA), according to the procedure described by Wang et al. [13]. The pH value of fermentation supernatant was measured using a pH meter (Delta 320, Mettler Company, Changsha, China). The NH3-N concentration was measured using the ultraviolet spectrophotometer (UV-160 A, Shimadzu, Japan), as previously described by Mauricio et al. [14]. The SCFAs, pH, and NH3-N concentrations of each sample was measured in triplicate for each run.




2.5. Calculation and Statistical Analysis


The logistic-exponential model [15] was performed to analyze the kinetics of total gas production by using the nonlinear regression analysis program (NLREG), and expressed as follows:


V = VF exp [ − exp {1 − k (t − lag)}]








where V is the accumulated gas production at time t (mL/g); VF is the final asymptotic gas production (mL/g); k is the fractional rate of gas production (mL/h); and lag is the fermentation gas production delay time (h);



The non-fiber carbohydrates (NFC) content was calculated as previously described by Zhang et al. [16]:


NFC = 100 − (NDF + CP + EE)











The data were analyzed by one-way ANOVA. The comparative analysis among the groups were performed using the Duncan multiple range test with SPSS 26.0 software (SPSS, Inc., Chicago, IL, USA), and the data with statistical significance were presented as means with their SEM. The statistical significance value and a trend toward difference were set at levels of p < 0.05 and 0.05 ≤ p < 0.10, respectively. The correlations between nutritional components and fermentation parameters were analyzed using the Pearson correlation program using SPSS 26.0 software (SPSS, Inc., Chicago, IL, USA). The statistical significance values were set at p < 0.05 to the present significant correlation.





3. Results


3.1. Routine Nutritional Compositions of 29 Different Chinese Herbs


The routine nutritional compositions of 29 different Chinese herbs are presented in Table 2. The SAT had the highest GE and EE contents compared with the other Chinese herbs, whereas the GE content of 29 Chinese herbs was >11.38 MJ/kg, and the EE content of other Chinese herbs was ≤3.37%. The CP content of 29 Chinese herbs varied greatly, ranging from 1.45% to 21.35%, among which SAT had the highest CP content. Moreover, the POL, CV, CC, SB, TM, and DR had higher CP contents than the other Chinese herbs. The ARU had the highest CF, NDF, and ADF contents, whereas GC, CL, APN, and CR had higher CF, NDF, and ADF contents than the other Chinese herbs, respectively. Moreover, the WAR, RO, RS, CG, and RA had lower CF, NDF, and ADF contents than the other Chinese herbs, respectively. Furthermore, the CG had the highest NFC content and the RS, PGL, WAR, GB, RA, and RO had higher NFC content than the other Chinese herbs.




3.2. Amino Acids (AAs) Contents of 29 Different Chinese Herbs


The results of AA contents of 29 different Chinese herbs are shown in Table 3 and Table 4. Among the 29 Chinese herbs, the SAT had the highest TAA content, whereas the TAA content in TM, CV, and GB was higher than the other Chinese herbs. Considering all other AAs, the SAT had higher proportion of leucine, arginine, and glutamic acids, whereas TM, GB, and CV had higher proportions of leucine, aspartic acid, and glutamic acid than the other Chinese herbs (Table 3).




3.3. Fermentation Kinetic Parameters and NH3-N Concentrations of 29 Different Chinese Herbs


The fermentation kinetic parameters of 29 different Chinese herbs are presented in Table 5, Table 6 and Figure 1. The 29 Chinese herbs displayed a fast fermentation rate during the first 30 h of incubation and then reached the fermentation platform at 48 h of incubation (Figure 1). Among the 29 Chinese herbs, the RS had the highest (p < 0.001) gas production, whereas the WAR and RA had higher gas production at 12, 24, and 48 h of incubation than the other groups. The CG, CR, and FAA had a lower (p < 0.001) gas production than the other Chinese herbs (Table 5). The maximum theoretical gas production (VF) of 29 different Chinese herbs was higher (p < 0.001) compared with the control group. Among the 29 Chinese herbs, the RS had the highest (p < 0.001) VF value and a fractional rate of gas production (k), whereas RS, WAR, and RA had the lowest (p < 0.001) fermentation gas production delay time (lag), and WAR, RA, GSB, CD, CPB, RO, and DR had higher (p < 0.001) VF and k values compared with the other groups. The ARU, CG, and CR had lower (p < 0.001) VF value than the other Chinese herbs. The SAT, FAA, and CR had lower (p < 0.001) k value compared with the other groups. Compared with the control group (11.77 mg/mL), the FI, SAT, DR, SB, CV, TM, GB, FF, CL, WAR, POL, CD, and ARU had higher (p < 0.001) NH3-N concentration, whereas other Chinese herbs had lower (p < 0.001) NH3-N concentration (Table 6).




3.4. Short-Chain Fatty Acids (SCFAs) Concentration and pH Value of Different Chinese Herbs


The SCFAs results are presented in Table 7. The RA and WAR had the highest (p < 0.001) total SCFA concentration, whereas RS and CPB had higher (p < 0.001) total SCFA concentration than the other groups. The CPB had the highest (p < 0.001) acetate concentration, whereas RA and GSB had a higher (p < 0.001) acetate concentration than the other groups. The RA had the highest (p < 0.001) propionate concentration, whereas WAR and RS had higher (p < 0.001) propionate concentration than the other groups. The RS had the highest (p < 0.001) butyrate concentration, whereas WAR had higher (p < 0.001) butyrate concentration than the other groups.



As shown in Table 7, among the 29 Chinese herbs, the AR, CPB, GSB, PGL, and WAR had lower (p < 0.001) pH value compared with the control group. In addition, the FF and POL had higher (p < 0.001) pH value compared with the other Chinese herbs excluding the APN, ARU, CR, DR, HC, and SB herbs.




3.5. Correlation between Nutritional Components and Fermentation Parameters


The correlation analysis results are shown in Figure 2, Figure 3, Figure 4 and Figure 5. As shown in Figure 2, the contents of CF, NDF, and ADF were negatively correlated (p < 0.05) with gas production, whereas the NFC content was positively correlated (p < 0.01) with gas production at 12, 24, and 48 h of incubation (Figure 2). However, there were no significant correlations between OM, GE, CP, and TAA with gas production (p > 0.05).



As shown in Figure 3, the contents of CF, NDF, and ADF were negatively correlated (p < 0.01) with total SCFA concentration, whereas the NFC content was positively correlated (p < 0.05) with total SCFA concentration. However, there were no correlations between OM, GE, EE, CP, and TAA with total SCFA concentration (p > 0.05).



As shown in Figure 4, the contents of CF, NDF, and ADF were negatively correlated (p < 0.01) with butyrate concentration compared with the acetate (p < 0.05) and propionate (p < 0.01) concentrations. The NFC content was positively correlated (p < 0.001) with butyrate concentration compared with the acetate (p < 0.01) and propionate (p < 0.01) concentrations.



As shown in Figure 5, the CP content was positively correlated (p < 0.001) with NH3-N concentration, whereas NFC content had a negative correlation (p < 0.05) with NH3-N concentration. However, there was no significant correlation between OM, GE, EE, CF, NDF, and ADF contents and NH3-N concentration (p > 0.05).





4. Discussion


In recent years, Chinese herbs as a feed additive have received more and more attention due to their advantages of safety, natural properties, less drug resistance, and many active factors [2]. However, besides a variety of active factors for treating and resisting diseases [2], Chinese herbs also contain various nutritional components, such as protein, fiber, NFC, and EE, which play important roles in improving the intestinal fermentation of the host. Thus, the present study explored the nutritional values and in vitro fermentation characteristics of 29 different Chinese herbs. The present study indicated that RA, WAR, and RS showed better intestinal fermentation profiles.



The EE includes true fat and organic substances that can be dissolved in ether, such as chlorophyll, carotene, organic acids, resins, and fat-soluble vitamins. The higher EE content can effectively inhibit the de novo synthesis of fatty acids, make fatty acids more saturated and facilitate the deposition of fatty acids [17]. However, it has been reported that the higher EE content negatively affected the digestibility of fat-free organic matter, non-starch polysaccharides, and NDF [18]. In the present study, only the SAT had higher EE content among the 29 Chinese herbs, which indicates that the SAT may have a positive effect on fat deposition, but it may also have the risk of nutrient digestibility of other nutrients. Furthermore, we found a generally lower EE content (<3.4%) in Chinese herbs (except for the SAT) in the present study; thus, we speculated that the EE content might play a minor role in the fermentation performance of the Chinese herbs.



Dietary fiber includes plant cell polysaccharides, lignin, and associated substances [19]. Fiber is a functional nutrient for monogastric animals, which cannot be hydrolyzed by endogenous enzymes of the host but can be converted into SCFAs by beneficial intestinal bacteria in the colon [20]. Dietary fiber has positive effects on maintaining gastrointestinal function, protecting cardiovascular system, and improving immunity [19,20]. In the present study, ARU, CL, APN, and CR had higher CF, NDF, and ADF contents than the other Chinese herbs, suggesting that these herbs can be used as dietary fiber supplements to maintain the intestinal health of animals. However, previous studies were mostly focused on the anti-inflammatory or hypoglycemic effects of CL, APN, and CR [21,22,23], lacking the research progress on dietary fiber as feed supplements in livestock production. Thus, it is necessary to conduct in-depth research on Chinese herbs as a fiber source for animals’ growth and development in the future.



Crude protein is an important nutrient component and includes protein and nitrogenous substances. Protein is necessary for the growth, development, reproduction, and repair of various organs. It is one of the essential basic nutrients for life activities and participates in metabolism, immunity, blood pressure, gastrointestinal, and other physiological functions [24]. In the present study, SAT had the highest CP content among the 29 Chinese herbs, whereas POL, CV, CC, SB, TM, and DR had higher CP content than the other Chinese herbs, indicating that these Chinese herbs could play important roles as protein sources for livestock production.



Amino acids are the main components of protein and have important physiological functions, such as regulating the growth and development of the body and participating in tissue repair or renewal [25]. In the present study, the SAT had higher proportions of leucine, arginine, and glutamic acid. In addition, TM, GB and CV had higher proportions of leucine, aspartic acid, and glutamic acid, while most of the Chinese herbs (except for CL and SB) had more acidity AAs than the other AAs. Leucine and arginine can regulate protein renewal function [26], enhance the immune system, protect the digestive system from different metabolic diseases, and participate in cardiovascular disease treatments [27,28,29]. Similarly, glutamic and aspartic acids can protect intestinal integrity, exert neurotransmitters [30,31], and regulate immunity and anti-fatigue [32,33]. Research evidence showed that SAT has the functioning ability to treat anti-aging, kidney disease, and infertility [34]. The TM has antioxidant, anti-inflammatory, anticancer, antihyperglycemic, anticoagulant, and analgesic properties [35]. Moreover, the GB and CV have shown anti-inflammatory and antibacterial properties [36,37,38]. Therefore, the above-mentioned functional properties of Chinese herbs may be related to their higher proportions of arginine, leucine, aspartic acid, or glutamic acids. Thus, the contents and composition of AAs in Chinese herbs may partially determine their efficacy, of which leucine, arginine, glutamic acid, and aspartic acid may play an important role. Furthermore, the higher TAA content of SAT, TM, GB, and CV indicates that these Chinese herbs may have a role in supplementing AAs to animals, especially for acidity AAs.



The total gas production mainly depends on the nutrient components of the substrate and its fermentation degree, and the NFC in the feed is positively correlated with potential gas production rather than fiber [39]. In the present study, the RS, WAR, and RA had higher gas production, VF, and k values and the CG, CR, and FAA had lower gas production. In addition, the contents of CF, NDF, and ADF were negatively correlated, and the NFC content was positively correlated with gas production at 12, 24, and 48 h of incubation. Therefore, the gas production of RS, WAR, and RA may be related to their higher NFC and lower fiber contents. Compared with the fibers, NFC could easily be degraded by microbiota [40], and the rapid degradation of NFC may be one of the factors that can produce more gas, but antibacterial substances may inhibit this process. The CG has strong antibacterial functions and can inhibit β-galactosidase activity [41], which may be one of the reasons that the CG had a lower gas production; although it had the highest NFC content. Furthermore, nutritional components also influence gas production. Getachew et al. [39] found that the CP content was negatively correlated with gas production; however, there was no correlation between the CP content and gas production in the present study. Thus, the RA, WAR, and RS have a better fermentation process, which may be beneficial to the growth of beneficial microbiota in the host intestine, while the antibacterial characteristics of other NFC-rich Chinese herbs and the antagonism of nutritional components need to be further explored.



The fermentation of carbohydrates mainly produces the SCFAs in the mammalian gut, and the major SCFAs in the intestine are acetate, propionate, and butyrate [42]. In the present study, the RA, WAR, RS, and CPB had higher total SCFA concentrations, which is consistent with the gas production. It has been reported that the NFC content in the feed is positively correlated with the total SCFA concentration [39]. Our study also found that the contents of CF, NDF, and ADF were negatively correlated, whereas the content of NFC was positively correlated with the total SCFA concentration. In the present study, the RA and CPB showed the highest propionate and acetate concentrations, respectively, whereas WAR and RS showed higher propionate and butyrate concentrations than the other groups. Generally, carbohydrate components can influence the fermentation profiles, and the fermented feed rich in NFC can produce more propionate or butyrate than acetate [43,44]. Our study also found that the propionate and butyrate showed negative correlations with CF, NDF, and ADF contents, whereas the propionate and butyrate showed positive correlations with NDF content compared with acetate. Thus, Chinese herbs with higher NDF content may be more favorable for propionate or butyrate production rather than acetate production, while fiber-rich Chinese herbs may be more favorable for acetate production.



Microorganisms produce NH3-N through the deamination of amino acids; thus, the NH3-N concentration is mainly affected by the CP concentration and nitrogen metabolism pathway [42]. In the present study, the FI, SAT, DR, and SB had higher NH3-N concentration, whereas the SBA, CJF, and CPB had lower NH3-N concentration than the other Chinese herbs. Our study found that the CP content was positively correlated, whereas the NFC content was negatively correlated with the NH3-N concentration. The results are consistent with a previous study, which found that increased NH3-N concentration indicates higher protein content and lower NFC content [45]. However, the higher NH3-N concentration in Chinese herbs is mainly caused by the higher CP content rather than the NFC content because of its lower correlation with NH3-N concentration compared with the CP content. Furthermore, the NH3-N concentration depends on the balance between its production and utilization by microbiota [46], so the fermentation rate also affects the NH3-N concentration. Thus, the NH3-N concentration of Chinese herbs is mainly affected by the CP content, while the influence of antibacterial characteristics of Chinese herbs on microbial fermentation and the NH3-N concentration needs to be further explored.




5. Conclusions


Among the 29 different Chinese herbs, Semen allii tuberosi had the highest nutritional value, which is reflected in the highest contents of gross energy, crude protein, ether extract, and total amino acid. Furthermore, Rhizoma anemarrhenaw, White atractylodes rhizome, and Radix scrophulariae presented better intestinal fermentation profiles, including a higher fermentation degree and a suitable SCFA fermentation pattern. These findings provide a theoretical basis for the application of Chinese herbs as a microbial carbon source in the intestine. However, further molecular studies are needed to confirm the effects of these herbs (including Semen allii tuberosi, Rhizoma anemarrhenaw, White atractylodes rhizome, and Radix scrophulariae) as feed additives on livestock growth, meat quality, and disease resistance in the future.
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Figure 1. The kinetics of gas production of 29 different Chinese herbs at 48 h of in vitro incubation (A,B). 
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Figure 2. Correlation analysis of gas production at 12 h, 24 h, and 48 h of incubation with crude fiber (CF; (A)), neutral detergent fiber (NDF; (B)), acid detergent fiber (ADF; (C)), and non-fiber carbohydrates (NFC; (D)). p < 0.05 indicates significant correlation. 
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Figure 3. Correlation analysis of total short-chain fatty acids (SCFAs) concentrations with crude fiber (CF; (A)), neutral detergent fiber (NDF; (B)), acid detergent fiber (ADF; (C)), and non-fiber carbohydrates (NFC; (D)). p < 0.05 indicates significant correlation. 
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Figure 4. Correlation analysis of acetate, propionate, and butyrate concentrations with crude fiber (CF; (A)), neutral detergent fiber (NDF; (B)), acid detergent fiber (ADF; (C)), and non-fiber carbohydrates (NFC; (D)). p < 0.05 indicates significant correlation. 
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[image: Agriculture 12 01285 g004]







[image: Agriculture 12 01285 g005 550] 





Figure 5. Correlation analysis of ammonia-N concentration with crude protein (CP; (A)) and non-fiber carbohydrates (NFC; (B)). p < 0.05 indicates significant correlation. 
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Table 1. Resources of 29 different Chinese herbs.
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	Chinese Herbs
	Scientific Names
	Abbreviation
	Origin





	Andrographis paniculata Nees
	Andrographis herba
	APN
	Henan



	Anemone root
	Anemones raddeanae Rhizoma
	AR
	North East



	Agstache rugosus
	Herba agastaches
	ARU
	Yunnan



	Coptis chinensis
	Coptidis rhizoma
	CC
	Sichuan



	Cortex dictamni
	Dictamni cortex
	CD
	Hubei



	Chinese gall
	Rhus chinensis Mill
	CG
	Jiangxi



	Cape Jasmine Fruit
	Gardenia jasminoides Ellis
	CJF
	Hunan



	Caulis lonicerae
	Lonicerae japonicae Caulis
	CL
	Henan



	Crataegus pinnatifida Bunge
	Crataegi fructus
	CPB
	Hunan



	Cortex fraxini
	Fraxinus rhynchophylla Hance
	CR
	Liaoning



	Chinese violet
	Matthiola incana R. Br
	CV
	Henan



	Danshen root
	Salvia miltiorrhiza Bunge
	DR
	Hebei



	Folium artemisiae argyi
	Argy wormwood
	FAA
	Hunan



	Fructus forsythiae
	Forsythia suspensa Vahl
	FF
	Shanxi



	Folium isatidis
	Isatis indigotica fort
	FI
	Hunan



	Garden burnet
	Sanguisorbae radix
	GB
	Jilin



	Golden cypress
	Juniperus chinensis Aurea
	GC
	Hebei



	Gentiana scabra Bunge
	Adenophora capillaris
	GSB
	Hebei



	Houttuynia cordata
	Heartleaf houttuynia Herb
	HC
	Zhejiang



	Punica granatum L
	Punica granatum L
	PGL
	Hebei



	Portulaca oleracea L
	Portulaca oleracea L
	POL
	North East



	Rhizoma anemarrhenae
	Anemarrhena asphodeloides Bunge
	RA
	Shanxi



	Rheum officinale
	Rhei radix Et Rhizoma
	RO
	Gansu



	Radix scrophulariae
	Scrophularia ningpoensis Hemsl
	RS
	Hunan



	Semen allii tuberosi
	Allium tuberosum Rottl
	SAT
	Hunan



	Sculellaria barbata
	Scutellariae barbatae Herba
	SB
	Hunan



	Scutellaria baicalensis
	Scutellariae radix
	SBA
	Shanxi



	Taraxacum mongolicum
	Taraxaci herba
	TM
	Hebei



	White atractylodes rhizome
	Atractylodes macrocephala Koidz
	WAR
	Hunan
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Table 2. Routine nutritional composition of 29 different Chinese herbs (% of DM).
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	Herbs
	DM
	OM
	GE(MJ/kg)
	EE
	CP
	CF
	NDF
	ADF
	NFC





	APN
	90.49
	94.62
	16.55
	0.79
	7.07
	47.48
	62.80
	50.58
	29.34



	AR
	87.86
	93.12
	16.76
	0.71
	5.23
	28.85
	41.38
	31.20
	52.68



	ARU
	90.59
	93.14
	15.26
	0.68
	5.81
	57.51
	70.79
	62.08
	22.72



	CC
	90.71
	94.34
	17.94
	0.83
	16.16
	25.57
	50.34
	22.12
	32.67



	CD
	90.40
	90.69
	15.53
	0.83
	7.16
	30.96
	40.97
	32.19
	51.04



	CG
	90.75
	96.97
	17.02
	0.94
	2.47
	3.06
	7.81
	3.66
	88.78



	CJF
	91.08
	93.42
	19.70
	3.37
	7.98
	27.82
	40.45
	30.97
	48.20



	CL
	92.42
	93.10
	17.38
	0.52
	5.07
	47.91
	64.90
	54.48
	29.51



	CPB
	86.96
	97.57
	16.54
	0.89
	1.45
	30.40
	36.54
	30.21
	61.12



	CR
	90.71
	91.50
	16.30
	0.65
	1.93
	44.76
	58.50
	52.87
	38.92



	CV
	89.20
	83.29
	14.25
	1.39
	16.90
	19.27
	31.35
	23.87
	50.36



	DR
	86.18
	92.27
	15.30
	0.95
	15.01
	13.04
	20.95
	19.17
	63.09



	FAA
	91.07
	91.43
	19.32
	2.53
	13.30
	26.31
	43.75
	42.56
	40.42



	FF
	92.00
	97.52
	19.30
	0.74
	5.07
	34.27
	53.90
	57.65
	40.29



	FI
	91.57
	90.89
	17.92
	0.82
	13.70
	19.48
	38.24
	29.28
	47.24



	GB
	90.60
	90.75
	16.07
	0.64
	4.73
	13.24
	19.95
	18.46
	74.68



	GC
	92.61
	89.97
	16.44
	0.44
	3.79
	48.86
	61.56
	51.63
	34.21



	GSB
	85.91
	93.17
	15.44
	1.05
	10.66
	15.71
	24.92
	17.65
	63.37



	HC
	89.03
	85.86
	16.11
	0.51
	11.87
	33.84
	47.53
	44.02
	40.09



	PGL
	88.46
	96.59
	16.08
	1.01
	3.42
	16.16
	19.50
	17.57
	76.07



	POL
	90.87
	73.77
	11.38
	0.76
	19.36
	21.31
	37.36
	26.41
	42.52



	RA
	88.68
	93.97
	16.86
	0.99
	10.58
	11.21
	15.75
	14.56
	72.68



	RO
	90.68
	89.06
	15.12
	0.33
	9.19
	7.66
	18.20
	14.72
	72.28



	RS
	87.91
	95.00
	15.59
	0.78
	5.87
	8.32
	9.39
	12.60
	83.96



	SAT
	90.91
	95.07
	21.33
	17.25
	21.35
	35.07
	37.90
	36.20
	23.50



	SB
	89.09
	86.62
	21.15
	0.59
	15.44
	30.30
	43.45
	40.16
	40.52



	SBA
	84.94
	85.84
	12.14
	0.58
	6.49
	19.28
	31.41
	23.57
	61.52



	TM
	89.18
	84.63
	14.80
	0.96
	15.37
	22.53
	32.46
	29.44
	51.21



	WAR
	89.87
	95.62
	16.12
	3.21
	10.62
	6.55
	10.26
	7.79
	75.91







Data are presented as a value of one determination. ADF, acid detergent fiber; CF, crude fiber; CP, crude protein; DM, dry matter; EE, ether extract; GE, gross energy; NDF, neutral detergent fiber; NFC, non-fiber carbohydrates; OM, organic matter.
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Table 3. Amino acids (AAs) contents of 29 different Chinese herbs (mg/g).
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Herbs

	
Hydroxy AA

	
SCAA

	
BCAA

	
Aromatic AA

	
Basic AA

	
Acidity AA

	
SHAA

	
TAA




	
Thr

	
Ser

	
Gly

	
Ala

	
Val

	
Ile

	
Leu

	
Tyr

	
Phe

	
Lys

	
His

	
Arg

	
Pro

	
Asp

	
Glu

	
Cys

	
Met






	
APN

	
0.22

	
0.21

	
0.26

	
0.23

	
0.23

	
0.17

	
0.31

	
0.00

	
0.57

	
0.13

	
0.09

	
0.12

	
0.00

	
0.48

	
0.48

	
0.41

	
0.00

	
3.91




	
AR

	
0.16

	
0.10

	
0.16

	
0.13

	
0.13

	
0.11

	
0.18

	
0.00

	
0.50

	
0.07

	
0.10

	
0.14

	
0.00

	
0.13

	
0.27

	
0.44

	
0.00

	
2.62




	
ARU

	
0.15

	
0.00

	
0.00

	
0.00

	
0.00

	
0.03

	
0.00

	
0.00

	
0.27

	
0.00

	
0.03

	
0.00

	
0.00

	
0.00

	
0.00

	
0.68

	
0.00

	
1.16




	
CC

	
0.26

	
0.38

	
0.57

	
0.40

	
0.14

	
0.23

	
0.55

	
0.07

	
0.69

	
0.32

	
0.17

	
0.78

	
0.18

	
0.77

	
0.72

	
0.39

	
0.03

	
6.65




	
CD

	
0.12

	
0.10

	
0.14

	
0.09

	
0.12

	
0.08

	
0.14

	
0.48

	
0.08

	
0.00

	
0.07

	
0.06

	
0.00

	
0.10

	
0.25

	
0.43

	
0.00

	
2.26




	
CG

	
0.15

	
0.11

	
0.12

	
0.14

	
0.13

	
0.10

	
0.18

	
0.00

	
0.46

	
0.18

	
0.08

	
0.27

	
0.00

	
0.15

	
0.23

	
0.39

	
0.00

	
2.69




	
CL

	
0.20

	
0.17

	
0.23

	
0.25

	
0.23

	
0.18

	
0.32

	
0.00

	
0.53

	
0.11

	
0.08

	
0.17

	
0.00

	
0.33

	
0.42

	
0.37

	
0.00

	
3.59




	
CPB

	
0.11

	
0.70

	
0.25

	
0.29

	
0.02

	
0.30

	
0.00

	
0.75

	
0.28

	
0.10

	
0.03

	
0.00

	
0.00

	
0.00

	
0.15

	
0.18

	
0.00

	
3.16




	
CR

	
0.11

	
0.09

	
0.12

	
0.09

	
0.09

	
0.05

	
0.09

	
0.00

	
0.41

	
0.09

	
0.07

	
0.09

	
0.00

	
0.11

	
0.17

	
0.42

	
0.00

	
2.00




	
CV

	
0.55

	
0.51

	
0.69

	
0.73

	
0.67

	
0.53

	
1.01

	
0.07

	
0.58

	
0.59

	
0.21

	
0.48

	
0.40

	
1.10

	
1.35

	
0.39

	
0.04

	
9.90




	
DR

	
0.35

	
0.16

	
0.24

	
0.42

	
0.27

	
0.41

	
0.66

	
0.11

	
0.24

	
0.40

	
0.20

	
0.97

	
0.15

	
0.73

	
1.51

	
0.63

	
0.02

	
7.47




	
FAA

	
0.14

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.26

	
0.00

	
0.06

	
0.00

	
0.00

	
0.06

	
0.06

	
0.44

	
0.00

	
1.02




	
FF

	
0.08

	
0.00

	
0.00

	
0.03

	
0.00

	
0.00

	
0.00

	
0.00

	
0.27

	
0.00

	
0.04

	
0.00

	
0.00

	
0.08

	
0.00

	
0.67

	
0.00

	
1.17




	
FI

	
0.12

	
0.08

	
0.12

	
0.06

	
0.03

	
0.03

	
0.06

	
0.00

	
0.42

	
0.11

	
0.07

	
0.17

	
0.00

	
0.19

	
0.21

	
0.41

	
0.00

	
2.08




	
GB

	
0.55

	
0.50

	
0.68

	
0.73

	
0.67

	
0.50

	
0.93

	
0.06

	
0.50

	
0.58

	
0.22

	
0.49

	
0.71

	
1.03

	
1.33

	
0.40

	
0.02

	
9.90




	
GC

	
0.25

	
0.00

	
0.04

	
0.06

	
0.06

	
0.04

	
0.04

	
0.00

	
0.00

	
0.15

	
0.06

	
0.10

	
0.00

	
0.04

	
0.00

	
0.41

	
0.00

	
1.25




	
GJF

	
0.14

	
0.04

	
0.17

	
0.11

	
0.11

	
0.07

	
0.20

	
0.00

	
0.00

	
0.03

	
0.10

	
0.06

	
0.00

	
0.05

	
0.06

	
0.62

	
0.00

	
1.76




	
GSB

	
0.18

	
0.16

	
0.23

	
0.18

	
0.18

	
0.12

	
0.21

	
0.00

	
0.54

	
0.18

	
0.12

	
0.25

	
0.00

	
0.27

	
0.38

	
0.43

	
0.00

	
3.43




	
HC

	
0.18

	
0.00

	
0.11

	
0.03

	
0.03

	
0.00

	
0.06

	
0.00

	
0.24

	
0.00

	
0.06

	
0.05

	
0.00

	
0.06

	
0.08

	
0.64

	
0.00

	
1.54




	
PGL

	
0.18

	
0.00

	
0.00

	
0.00

	
0.00

	
0.05

	
0.00

	
0.00

	
0.27

	
0.00

	
0.04

	
0.00

	
0.00

	
0.00

	
0.04

	
1.00

	
0.00

	
1.58




	
POL

	
0.29

	
0.30

	
0.39

	
0.23

	
0.61

	
0.53

	
0.61

	
0.06

	
0.79

	
0.59

	
0.60

	
0.22

	
0.02

	
0.50

	
1.50

	
0.41

	
0.01

	
7.66




	
RA

	
0.16

	
0.03

	
0.09

	
0.08

	
0.13

	
0.07

	
0.17

	
0.00

	
0.00

	
0.16

	
0.11

	
0.30

	
0.00

	
0.07

	
0.06

	
0.61

	
0.00

	
2.04




	
RO

	
0.08

	
0.03

	
0.07

	
0.05

	
0.04

	
0.00

	
0.07

	
0.00

	
0.00

	
0.04

	
0.10

	
0.05

	
0.00

	
0.04

	
0.06

	
0.43

	
0.00

	
1.06




	
RS

	
0.13

	
0.12

	
0.09

	
0.13

	
0.11

	
0.07

	
0.10

	
0.00

	
0.45

	
0.05

	
0.05

	
0.06

	
0.00

	
0.18

	
0.18

	
0.43

	
0.00

	
2.15




	
SAT

	
0.78

	
1.13

	
1.06

	
0.80

	
1.14

	
0.71

	
1.42

	
0.09

	
0.96

	
1.32

	
0.55

	
2.34

	
0.12

	
1.30

	
3.88

	
0.77

	
0.06

	
18.43




	
SB

	
0.42

	
0.32

	
0.59

	
0.35

	
0.50

	
0.37

	
0.88

	
0.10

	
0.71

	
0.35

	
0.20

	
0.22

	
0.00

	
0.28

	
0.53

	
0.41

	
0.00

	
6.23




	
SBA

	
0.23

	
0.20

	
0.25

	
0.25

	
0.24

	
0.18

	
0.30

	
0.00

	
0.55

	
0.21

	
0.13

	
0.54

	
0.12

	
0.41

	
0.55

	
0.41

	
0.00

	
4.57




	
TM

	
0.61

	
0.57

	
0.87

	
0.78

	
0.73

	
0.59

	
1.14

	
0.11

	
0.67

	
0.53

	
0.25

	
0.52

	
0.51

	
1.36

	
1.31

	
0.44

	
0.03

	
11.02




	
WAR

	
0.10

	
0.07

	
0.08

	
0.05

	
0.00

	
0.00

	
0.03

	
0.00

	
0.46

	
0.12

	
0.09

	
0.91

	
0.00

	
0.36

	
0.21

	
0.41

	
0.00

	
2.89








Data are presented as a value of one determination. AA, amino acid; SCAA, straight-chain amino acid; BCAA, branched-chain amino acid; SHAA, sulphydryl-containing amino acid; TAA, total amino acid. Ala, alanine; Arg, arginine; Asp, aspartic acid; Cys, L-cysteine; Glu, glutamic acid; Gly, glycine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine; Pro, proline; Ser, serine; Thr, L-threonine; Tyr, tyrosine; Val, valine. As shown in Table 4, the acidity AA contents of different Chinese herbs were higher than those of other AAs, except for the CL and SB. The SAT had the highest contents of hydroxy AA, straight-chain AA, branched-chain AA, aromatic AA, basic AA and acidity AA compared with the other Chinese herbs.
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Table 4. Classified amino acids (AAs) contents of 29 different Chinese herbs (mg/g).






Table 4. Classified amino acids (AAs) contents of 29 different Chinese herbs (mg/g).





	Herbs
	Hydroxy AA
	SCAA
	BCAA
	Aromatic AA
	Basic AA
	Acidity AA





	APN
	0.43
	0.49
	0.71
	0.57
	0.34
	1.37



	AR
	0.26
	0.29
	0.42
	0.50
	0.31
	0.84



	ARU
	0.15
	0.00
	0.03
	0.27
	0.03
	0.68



	CC
	0.63
	0.97
	0.92
	0.76
	1.27
	2.05



	CD
	0.22
	0.23
	0.34
	0.56
	0.13
	0.78



	CG
	0.26
	0.25
	0.40
	0.46
	0.54
	0.77



	CJF
	0.37
	0.49
	0.72
	0.53
	0.36
	1.12



	CL
	0.81
	0.54
	0.32
	1.03
	0.13
	0.32



	CPB
	0.20
	0.21
	0.23
	0.41
	0.25
	0.70



	CR
	1.06
	1.42
	2.22
	0.65
	1.28
	3.24



	CV
	0.50
	0.66
	1.34
	0.34
	1.58
	3.02



	DR
	0.14
	0.00
	0.00
	0.26
	0.06
	0.56



	FAA
	0.08
	0.03
	0.00
	0.27
	0.04
	0.75



	FF
	0.20
	0.18
	0.12
	0.42
	0.35
	0.81



	FI
	1.05
	1.41
	2.10
	0.56
	1.29
	3.47



	GB
	0.25
	0.10
	0.14
	0.00
	0.31
	0.45



	GC
	0.18
	0.28
	0.38
	0.00
	0.20
	0.73



	GSB
	0.34
	0.41
	0.51
	0.54
	0.55
	1.08



	HC
	0.18
	0.14
	0.09
	0.24
	0.11
	0.78



	PGL
	0.18
	0.00
	0.05
	0.27
	0.04
	1.04



	POL
	0.58
	0.61
	1.75
	0.84
	1.41
	2.43



	RA
	0.19
	0.17
	0.37
	0.00
	0.57
	0.74



	RO
	0.12
	0.11
	0.11
	0.00
	0.19
	0.53



	RS
	0.25
	0.22
	0.28
	0.45
	0.16
	0.79



	SAT
	1.91
	1.86
	3.27
	1.05
	4.21
	6.07



	SB
	0.74
	0.94
	1.74
	0.82
	0.77
	1.22



	SBA
	0.43
	0.50
	0.73
	0.55
	0.88
	1.49



	TM
	1.18
	1.65
	2.46
	0.78
	1.30
	3.62



	WAR
	0.17
	0.13
	0.03
	0.46
	1.12
	0.98







Data are presented as a value of one determination. AA, amino acid; SCAA, straight-chain amino acid; BCAA, branched-chain amino acid.
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Table 5. Gas production of 29 different Chinese herbs at 12, 24, and 48 h of in vitro incubation.






Table 5. Gas production of 29 different Chinese herbs at 12, 24, and 48 h of in vitro incubation.





	Herbs
	GP12
	GP24
	GP48





	APN
	37.76 klmnop
	49.47 klm
	55.22 kl



	AR
	47.29 ghijklm
	56.48 ijkl
	60.90 ijk



	ARU
	36.50 klmnop
	45.70 lmn
	50.48 klm



	CC
	33.40 mnop
	51.70 jkl
	58.58 jkl



	CD
	86.03 d
	110.29 cd
	114.34 de



	CG
	39.38 jklmnop
	44.08 lmn
	46.87 lmn



	CJF
	59.85 fgh
	80.57 fgh
	89.28 g



	CL
	43.25 ijklmn
	51.68 jkl
	58.07 jkl



	CPB
	87.69 d
	103.34 de
	115.38 d



	CR
	28.30 nop
	35.35 mn
	41.64 mn



	CV
	44.66 hijklm
	66.22 hij
	76.05 h



	DR
	75.44 de
	95.03 ef
	102.23 f



	FAA
	24.19 p
	33.64 n
	47.22 lmn



	FF
	43.15 ijklmn
	51.96 jkl
	54.71 kl



	FI
	51.51 ghijk
	68.50 ghi
	75.86 h



	GB
	33.77 lmnop
	43.10 lmn
	57.61 jkl



	GC
	56.15 fghi
	69.29 ghi
	72.24 hi



	GSB
	74.34 de
	101.39 de
	115.66 d



	HC
	49.38 ghijkl
	66.35 hij
	73.08 h



	PGL
	62.48 efg
	82.22 fg
	96.50 fg



	POL
	35.22 lmnop
	47.39 lmn
	54.57 kl



	RA
	101.23 c
	121.86 c
	128.33 c



	RO
	69.51 ef
	94.51 ef
	103.85 ef



	RS
	143.90 a
	169.38 a
	171.92 a



	SAT
	40.44 jklmno
	49.46 klm
	67.91 hij



	SB
	38.95 jklmnop
	58.44 ijkl
	68.77 hij



	SBA
	49.64 jhijkl
	63.73 ijk
	73.31 h



	TM
	54.50 ghij
	81.67 fg
	89.63 g



	WAR
	116.06 b
	138.79 b
	145.36 b



	Control group
	25.60 op
	33.25 n
	35.95 n



	SEM
	4.625
	4.526
	3.670



	p
	<0.001
	<0.001
	<0.001







Data are presented as mean values with their pooled SEM and p values. Means within a column without a common superscript letter are different (p < 0.05). GP12, GP24, and GP48, the gas production at 12, 24, and 48 h of in vitro incubation (mL/g DM).
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Table 6. Fermentation kinetic parameters and ammonia-N (NH3-N) concentration of 29 different Chinese herbs at 48 h of in vitro incubation.






Table 6. Fermentation kinetic parameters and ammonia-N (NH3-N) concentration of 29 different Chinese herbs at 48 h of in vitro incubation.





	Herbs
	VF
	K
	Lag
	NH3-N (mg/dL)





	APN
	46.60 jk
	5.97 ghijk
	5.56 cdefg
	6.86 kl



	AR
	50.37 j
	9.47 efg
	3.65 bcde
	9.57 hij



	ARU
	41.71 jkl
	5.27 ghijk
	7.51 g
	12.05 efg



	CC
	50.56 j
	6.04 ghijk
	4.52 bcdefg
	11.49 efg



	CD
	96.49 d
	18.77 c
	1.91 ab
	12.07 efg



	CG
	38.08 klm
	6.73 fghijk
	6.96 fg
	6.09 l



	CJF
	74.00 gh
	11.09 ef
	3.68 bcde
	5.44 ml



	CL
	46.17 jk
	7.13 fghij
	5.68 cdefg
	12.35 def



	CPB
	91.29 de
	19.12 c
	2.30 ab
	5.50 lm



	CR
	35.26 lmn
	3.23 jk
	11.09 h
	8.62 jk



	CV
	65.87 hi
	7.56 fghij
	4.31 bcdef
	14.03 cd



	DR
	84.61 ef
	16.00 cd
	2.46 ab
	14.71 c



	FAA
	47.36 jk
	2.67 k
	12.26 h
	9.33 ij



	FF
	45.57 jk
	6.59 fghijk
	7.51 g
	12.39 def



	FI
	63.30 i
	8.79 fghi
	4.65 bcdefg
	18.80 a



	GB
	47.14 jk
	8.00 fghi
	10.38 h
	13.27 cde



	GC
	60.94 i
	11.20 ef
	2.49 ab
	11.01 fghi



	GSB
	99.42 cd
	17.30 cd
	2.82 abc
	7.16 kl



	HC
	61.07 i
	9.18 efg
	3.37 bcd
	11.01 fghi



	PGL
	79.15 fg
	11.08 ef
	4.03 bcdef
	4.25 mn



	POL
	46.51 jk
	5.25 ghijk
	6.34 defg
	12.25 def



	RA
	105.73 c
	28.43 b
	0.12 a
	10.20 ghij



	RO
	86.51 ef
	13.42 de
	2.75 abc
	8.57 jk



	RS
	142.03 a
	45.73 a
	0.08 a
	6.58 l



	SAT
	59.23 i
	4.36 ijk
	11.78 h
	17.62 ab



	SB
	59.651 i
	5.98 ghijk
	5.75 cdefg
	14.34 c



	SBA
	60.63 i
	7.13 fghijk
	7.44 g
	3.19 n



	TM
	77.47 fg
	9.64 efg
	4.06 bcdef
	13.97 cd



	WAR
	119.09 b
	31.35 b
	0.38 a
	12.26 def



	Control group
	30.06 mn
	4.50 hijk
	6.35 defg
	11.77 efg



	SEM
	2.920
	1.060
	0.878
	0.570



	p
	<0.001
	<0.001
	<0.001
	<0.001







Data are presented as mean values with their pooled SEM and p values. Means within a column without a common superscript letter are different (p < 0.05). VF, the maximum theoretical gas production (mL/g DM); k, the fractional rate of gas production (mL/h); lag, the fermentation gas production delay time (h).
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Table 7. Short-chain fatty acids (SCFAs) concentrations of 29 different Chinese herbs at 48 h of in vitro incubation (µmol/100 mL).






Table 7. Short-chain fatty acids (SCFAs) concentrations of 29 different Chinese herbs at 48 h of in vitro incubation (µmol/100 mL).





	Herbs
	pH
	Total SCFA
	Acetate
	Propionate
	Butyrate
	Isobutyrate
	Valerate
	Isovalerate





	APN
	6.85 abcde
	349.83 ghijk
	126.93 i
	142.34 ghijk
	48.66 klm
	7.29 klmno
	13.87 efghij
	10.74 efgh



	AR
	6.64 efgh
	376.99 ghij
	130.01 i
	141.00 ghijk
	88.90 fg
	8.18 klmn
	6.53 klmnopq
	2.37 lm



	ARU
	6.86 abcde
	214.38 jk
	88.09 j
	76.99 klmn
	27.22 mno
	2.44 o
	10.53 hijklmn
	9.10 efghi



	CC
	6.69 defgh
	328.30 hijk
	162.08 ghi
	106.35 ijklm
	41.68 klm
	10.44 hijklm
	3.34 pq
	4.42 jklm



	CD
	6.68 defgh
	738.62 cd
	398.56 cd
	240.23 cde
	76.26 ghij
	9.52 ijklmn
	5.91 lmnopq
	8.15 ghijk



	CG
	6.75 cdefg
	166.53 k
	108.66 j
	29.41 n
	4.46 o
	14.87 defgh
	8.68 jklmnop
	0.46 m



	CJF
	6.73 defgh
	318.34 hijk
	111.36 j
	101.39 ijklm
	83.49 fghi
	6.11 lmno
	11.88 ghijk
	4.11 jklm



	CL
	6.67 defgh
	370.45 ghij
	223.62 fgh
	75.60 klm
	47.70 klm
	6.03 lmno
	14.73 defghi
	2.77 lm



	CPB
	6.59 fgh
	976.37 ab
	594.43 a
	188.39 defg
	136.58 cd
	14.72 defghi
	17.87 cdef
	24.38 c



	CR
	6.81 abcdef
	189.31 jk
	86.02 j
	57.79 lmn
	33.69 lmn
	4.46 no
	4.86 nopq
	2.50 lm



	CV
	6.75 cdefg
	538.95 efg
	212.58 fghi
	181.69 defgh
	87.11 fgh
	19.95 cd
	16.11 defgh
	21.51 cd



	DR
	6.76 bcdefg
	904.16 bc
	385.74 cd
	253.30 cd
	150.43 c
	26.49 a
	44.95 a
	43.24 a



	FAA
	6.74 cdefg
	295.97 ijk
	116.35 j
	92.24 jklm
	62.61 hijk
	12.33 efghij
	7.23 klmnopq
	5.21 ijklm



	FF
	6.99 a
	205.20 jk
	107.15 j
	78.03 klm
	6.52 o
	6.03 lmno
	4.63 opq
	4.38 jklm



	FI
	6.76 cdefg
	372.86 ghij
	109.62 j
	156.50 fghij
	56.58 jkl
	17.16 cdefg
	18.11 cdef
	14.89 e



	GB
	6.80 abcdef
	414.93 fghi
	140.49 hi
	172.57 efghi
	76.77 ghij
	9.23 klmn
	11.10 hijklm
	4.77 ijklm



	GC
	6.74 cdefg
	371.24 ghij
	151.01 ghi
	119.71 ghijkl
	58.91 ijkl
	19.52 cde
	11.19 hijklm
	10.91 efgh



	GSB
	6.59 fgh
	901.89 bc
	487.10 b
	247.16 cd
	131.09 cd
	7.44 klmno
	17.19 cdefg
	11.92 efg



	HC
	6.80 abcdef
	325.93 hijk
	150.91 ghi
	109.36 hijklm
	38.23 klm
	8.25 klmn
	5.60 mnopq
	13.59 ef



	PGL
	6.55 gh
	610.48 de
	238.13 fg
	224.14 def
	119.73 de
	18.36 cde
	5.86 mnopq
	4.26 jklm



	POL
	6.98 ab
	280.02 ijk
	136.88 hi
	79.84 klm
	41.47 klm
	5.63 mno
	10.17 ijklmno
	6.03 hijkl



	RA
	6.81 abcdef
	1142.07 a
	500.37 b
	465.58 a
	115.98 de
	18.83 cde
	21.82 c
	19.50 d



	RO
	6.66 defgh
	575.34 def
	253.06 ef
	148.66 ghijk
	154.16 c
	11.96 ghijk
	6.46 klmnopq
	1.04 lm



	RS
	6.58 fgh
	992.32 ab
	324.95 de
	301.73 bc
	290.70 a
	25.53 ab
	19.02 cde
	30.39 b



	SAT
	6.75 cdefg
	427.89 fghi
	126.02 i
	174.09 efghi
	79.24 ghij
	15.06 defgh
	13.62 efghij
	19.87 cd



	SB
	6.85 abcde
	358.87 ghijk
	127.26 i
	148.68 ghijk
	47.52 klm
	12.01 ghijk
	11.46 hijkl
	11.94 efg



	SBA
	6.70 defgh
	324.40 hijk
	144.69 hi
	77.42 klmn
	87.06 fgh
	8.21 klmn
	5.50 mnopq
	1.51 lm



	TM
	6.71 defgh
	499.68 efgh
	179.89 fghi
	190.61 defg
	73.65 ghij
	21.55 bc
	19.94 cd
	14.03 ef



	WAR
	6.50 h
	1083.66 a
	436.91 bc
	360.36 b
	207.82 b
	17.49 cdef
	31.52 b
	29.56 b



	Control group
	6.88 abcd
	194.46 jk
	105.22 j
	37.59 mn
	28.58 mno
	9.35 jklmn
	9.98 ijklmno
	3.75 klm



	SEM
	0.070
	57.153
	47.840
	22.120
	7.720
	1.580
	1.660
	1.550



	p
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001







Data are presented as mean values with their pooled SEM and p values. Means within a column without a common superscript letter are different (p < 0.05).
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