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Abstract

:

Improving the productive performance of agricultural residue silage has practical relevance to sustaining livestock production. Sweet corn stover (SCS) and cassava pulp (CSVP) are widespread in the tropics as low-cost feed resources. To efficiently prepare SCS and CSVP silage, the impact of adding Acremonium cellulase (AC), Lactobacillus casei strain TH14 inoculant (TH14), and their combination (AC+TH14) on ensiling characteristics, microbial population, chemical compositions, and in vitro digestibility were tested in comparison to control (no additive). After 60 d of ensiling, the pH value and ammonia nitrogen content of silage were lower (p < 0.05) when AC was used as the additive. Compared with other treatments, TH14 provided abundant lactic acid fermentation in silage. All tested additives increased the crude protein (CP) content and decreased the neutral detergent fiber (NDF) content of SCS silage. In CSVP silage, only AC and AC+TH14 altered the CP and NDF content. In addition, AC and AC+TH14 provided greater in vitro dry matter digestibility and a lower in vitro fiber digestibility. Overall, optimized either AC or TH14 can be recommended as an attractive additive to improve the ensiling characteristics of SCS and CSVP silage. AC significantly modifies the in vitro digestibility of silage.
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1. Introduction


Recovery and valorization of agro-industrial residues are currently indicated as key factors for the development of circular economy models and to promote the environmental sustainability of production systems [1]. Sweet corn (Zea mays L. var. rugose) stover (SCS) and cassava (Manihot esculenta Crantz) pulp (CSVP) are wet agricultural residues that have been used in the tropics and sub-tropics as low-cost feed resources [2]. In Thailand, ears of corn are harvested when the silks are dried and turning brown [3]. The remaining parts in the field are called SCS, of which annual production was about 0.3 million tons fresh matter (FM) or about 32% of the weight of the original corn plants [3]. SCS is a good source of plant fiber because it has high neutral detergent fiber (NDF) content of about 700 g kg−1 on a dry matter (DM) basis [4]. CSVP is a byproduct of cassava root starch production. Annual CSVP production was estimated at 1 million tons of FM, or about 10–30% of the weight of the original tubers [5]. For CSVP, the NDF content is low (350 g kg−1 DM) but it has a high non-fiber carbohydrate (NFC) content of about 600 g kg−1 DM [6].



For preservation purposes, the plant materials including agricultural residues are usually preserved as silage [7]. Studies of silage additives, including both chemical and biological compounds, have been highlighting improved silage potential feedstock for the production of biochemical, biogas, bio-ethanol, and feedstuffs [4,6,8,9]. Regarding the use of silage in animal feeding, Driehuis et al. [10] stated that silage quality is important so as to avoid the presence of pathogens and undesirable end-products. Cellulase enzyme is a biotechnology used to improve the ensiling characteristics for subsequent utilization of tropical feed resources [11]. As reported by Kaewpila et al. [12], an optimized cellulase enzyme can provide the saccharification effect to satiate lactic acid fermentation and enhance nutritional parameters from plant fiber degradation. In addition, local lactic acid bacteria (LAB) strains from various bio-resources have been increasingly selected to enhance the practical silage production [13,14]. The use of LAB inoculant as a natural probiotic to enhance lactic acid fermentation (reducing pH value) in silage is a good strategy. Moreover, Li et al. [15] recently implied that some LAB strains might also help to reduce the lignin content (delignification) in silage when inoculated with a cellulase enzyme. In previous studies, Lactobacillus casei strain TH14 (TH14) was verified as the most effective LAB strain compared with several representative strains for improving fermentation quality and nutritive value of tropical silage [16,17]. This strain was isolated from corn stover silage [18]. According to Pholsen et al. [18], TH14 is homofermentative rod, produces D-lactate, and could play an important role in promoting lactic acid production for a longer time during silage fermentation.



Presently, the study of the additives or factors associated with improved performance of SCS and CSVP silage for subsequent supporting ruminant production in the Indochinese Peninsular is an important step that would provide information on a little explored topic [4,6]. Thus, the objective of this study was to evaluate the ensiling characteristics, microbial population, chemical composition, and in vitro digestibility of SCS and CSVP silage inoculated with cellulase enzyme, TH14 inoculant, and a combination of both.




2. Materials and Methods


2.1. Material Preparation


Both SCS and CSVP materials were obtained in Khon Kaen, Thailand (16°26′ N, 102°48′ W). Fresh SCS was purchased from a single plot of sweet corn growth (0.8 hectare and 75 to 85 d of growth). Sixteen sub-plots of SCS were established using quadrate samplers (10 × 10 m). The SCS containing discarded ears (about 40 to 50 kg FM) was cut close to the soil surface. The samples of SCS were immediately transported to the experimental location (within 2 h), chopped individually in pieces of 1 cm using a forage chopper, mixed homogeneously, and separated into two portions. One portion (16 sub-plots × 1 kg FM) was obtained, pooled, and collected (1 kg FM) for measuring microbial population, chemical composition, and gross energy (GE) content. The other portion (16 sub-plots × 35 kg FM) was placed on a 4 × 4 m polyethylene sheet for silage making.



Fresh CSVP (moist cake of ivory color) was delivered from four local suppliers (in total 4.4 tons of fresh weight). This material was not chopped because it came as a cake [6]. The CSVP was then divided into sixteen parts of 36 kg FM; and each part was separated into two portions (1 kg FM and 35 kg FM). All portions were processed similarly to what was described for SCS.




2.2. Experimental Design and Silage Preparation


We used a completely randomized design to evaluate the individual materials with different additives. SCS and CSVP were untreated (control) or treated with cellulase enzyme 0.1 g kg−1 FM (AC), LAB inoculant 1 × 108 colony forming units (cfu) kg−1 FM (TH14), or their combination (AC+TH14). The quantity of additives used was estimated to be a modest dosage to improve tropical grass silage quality according to Khota et al. [11,16]. A commercial cellulase enzyme (glucanase and pectinase 7350 U g−1) produced from Acremonium cellulolyticus was used [11]. Briefly, to increase the fermentable sugars during ensiling, addition of AC was recommended at 0.1 g kg−1 FM [11]. Inoculation of strain TH14 for ensuring lactic acid production was optimized at 1.0 × 108 cfu kg−1 FM [18]. For every 35 kg of fresh material, each additive was pre-prepared as a 35 mL suspension. The AC (3.5 g) was dissolved with 35 mL of sterilized distilled water. Strain TH14 was cultured overnight in Lactobacilli de Man, Rogosa, Sharpe (MRS) broth (Difco Laboratories, Detroit, MI, USA) at 30 °C. The TH14 was then diluted with 0.85% sodium chloride solution to spread in a 1.0 × 108 cfu mL−1 of suspension [16]. The materials were sprayed by the additive, mixed homogeneously, and manually packed into pre-weighted polyethylene drum cans (35 L capacity). The packable materials were sealed with lids and weighted. The final densities of material in the hermetic cans were 778 and 1000 kg FM per m3 for SCS and CSVP, respectively. For each material, four silos per treatment were prepared. Silos were stored indoors for 60 d until the stable phase was reached [19]. No leakage of fermented liquid was observed. The silage was removed from silo, mixed homogeneously, and collected (2 materials × 4 additives × 4 silos × 1 kg FM) for analysis of microbial population, fermentation characteristics, chemical composition, GE content, and in vitro digestibility.




2.3. Microbial Counting


The samples of fresh materials and silage were analyzed for LAB, coliform bacteria, aerobic bacteria, yeast, and mold populations using the plate counting methods described previously [12,16], according to the original procedure by Kozaki et al. [20]. Each sample was then analyzed in triplicate. A 10 g sample was blended with 90 mL of sterile 0.85% sodium chloride solution and serial dilutions at 10−1 to 10−5. Each dilution (20 µL) was spread on agar plates and cultured at 30 °C. LAB was counted on MRS agar (Difco) after 48 h of incubation in an anaerobic box (Sugiyamagen Ltd., Tokyo, Japan). Coliform bacteria were counted on blue-light broth agar (Nissui-seiyaku Ltd., Tokyo, Japan) after 2 d of incubation. Aerobic bacteria were counted on nutrient agar (Difco) after 3 d of incubation. Yeast and mold were counted on potato dextrose agar (Nissui-seiyaku) after 7 d and 2 d of incubation, respectively. Yeasts were distinguished from mold or bacteria by colony appearance and cell morphology observation. The counts were reported as cfu g−1 FM.




2.4. Chemical Composition, and Gross Energy Content Analyses


The DM content was examined by drying at 100 °C for 24 h. The samples for chemical analyses were prepared by drying at 60 °C for 48 h. They were ground to pass through a 1 mm screen and the organic matter (OM), crude protein (CP), and ether extract (EE) contents were analyzed following the standard Association of Official Analytical Chemists [21] methods 942.05, 976.05, and 920.39, respectively. The NDF and acid detergent fiber (ADF) contents were analyzed using a fiber analyzer (ANKOM 200, ANKOM Technology, Macedon, NY, USA) based on the manufacturer’s recommendations. The acid detergent lignin (ADL) was measured by solubilization with a sulfuric acid solution following the method of Faichney and White [22]. The NFC content of pre-ensiled materials was calculated as DM minus ash, CP, EE, and NDF components [23]. The GE was analyzed via an automatic adiabatic bomb calorimeter (AC500 Isoperibol Calorimeter, LECO Corp., St. Joseph, MI, USA).




2.5. Fermentation End Product Analysis of Silage


A 10 g sample was mixed with 90 mL sterilized distilled water and incubated at 4 °C for 12 h [24]. The pH value was then measured via a glass electrode pH meter (FiveGo, Mettler-Toledo GmbH, Greifensee, Switzerland). The concentrations of lactic acid, acetic acid, propionic acid, and butyric acid were measured using a gas chromatograph (Nexis GC-2030: SHIMADZU, Shimadzu Corp., Kyoto, Japan) equipped with a capillary column (molecular sieve 13X, 30/60 mesh, Alltech Associates Inc., Deerfield, IL, USA) as described previously [25]. The ammonia nitrogen (NH3-N) content was determined using a spectrophotometer (UV/VIS Spectrometer, PG Instruments Ltd., London, United Kingdom) based on the method of Fawcett and Scott [26].




2.6. In Vitro Rumen Digestibility Analysis of Silage


The ground silage samples were measured for in vitro DM digestibility (IVDMD), in vitro NDF digestibility (IVNDFD), and in vitro ADF digestibility (IVADFD) at 24 h and 48 h after incubation using an in vitro rumen fluid gas production technique according to the method described by Makkar et al. [27]. The rumen fluid was collected before morning feeding from four Zebu beef cattle (body weight = 299 ± 21 kg) by a stomach-tube sucker. The daily diet of the cattle was a basal total mixed ration containing 500 g kg−1 rice straw, 300 g kg−1 cassava chips, 100 g kg−1 soybean meal, 90 g kg−1 rice bran, 5 g kg−1 mineral-premix, and 5 g kg−1 urea on a DM basis. Rumen fluid was filtered to pass through a four-layer cloth sheet into pre-warmed (39 °C) thermo bottles and was transported immediately to the laboratory. Rumen fluid was mixed with a mineral buffer solution [27] at a 1:4 ratio under a stream of carbon dioxide. The samples (0.50 g DM) were precisely pre-weighed into 50 mL serum bottles, sealed with rubber stoppers and aluminum caps and pre-warmed in a water-bath checker (WNB22, Memmert GmbH + Co. KG, Schwabach, Germany). The rumen fluid-buffer mixture (40 mL) was injected into each sample bottle using 60 mL syringes with a 1.5 inch 18-gauge needle and was anaerobically flushed with carbon dioxide. Incubations were carried out in two batches for in vitro evaluations at 24 h or 48 h of incubation with different flasks of rumen inoculum. Within each batch, 99 bottles were incubated at 39 °C, corresponding to 2 materials × 4 additives × 4 silos × 3 bottles plus 3 blanks. The blanks were bottles consisting of only rumen inoculum. The produced gas was leaked at 2 h intervals using a 21-gauge needle. After incubation the bottles were opened immediately. The residual particles were washed into filter bags (model F57; Ankom Technology, Macedon, NY, USA) using distilled water, dried at 100 °C in a forced air oven for 24 h, and weighed for IVDMD determination [12]. The IVNDFD and IVADFD contents were measured after being analyzed for the contents of residual NDF and ADF, respectively (ANKOM 200). For each material, each experimental unit was averaged from the three bottles minus blanks after every hour of incubation.




2.7. Statistical Analysis


The data were analyzed using an ANOVA procedure in SAS version 6.12 (SAS Institute Inc., Cary, NC, USA) with the following model:


Yij = μ + αi + εij,



(1)




where Yijk = observation, μ = overall mean, αi = additive effect (i = 1 to 4), and εij = error. Significant differences among treatment means were assessed by Duncan’s new multiple range test (DMRT) and the significance level was set at p < 0.05 [28].





3. Results


3.1. Microbial Counts, Chemical Composition, and Gross Energy Content of Ensiling Materials


The microbial counts, chemical composition, and GE content of SCS and CSVP before ensiling are presented in Table 1. The counts of LAB, coliform bacteria, and aerobic bacteria in SCS ranged from 104 to 105 cfu g−1 FM. The counts of yeasts and molds in SCS were less than 102 cfu g−1 FM (below the detectable level). For CSVP, the counts of LAB and aerobic bacteria were 104 cfu g−1 FM, while the others were less than 102 cfu g−1 FM. All chemical compositions and GE contents differed extremely between SCS and CSVP. The DM contents of SCS and CSVP were 237 and 187 g kg−1, respectively. The OM content of CSVP was very high (977 g kg−1 DM). The CP content of SCS was about four times that of CSVP. The NDF, ADF, and ADL contents were approximately twice as high in SCS than in CSVP. The NFC content of CSVP was high but its GE content was low.




3.2. Effect on Ensiling Characteristics


The effects of additives on pH, organic acid content, and NH3-N content of SCS and CSVP silage are shown in Table 2. For SCS silage, the pH values were lower (p < 0.05) with AC and TH14 addition compared with the control. For CSVP silage, the pH decreased significantly (p < 0.05) with all three additives used. The lactic acid content in both SCS and CSVP silage was improved (p < 0.05) by additives, except when AC was added to SCS silage. Adding AC+TH14 increased (p = 0.05) the acetic acid content of SCS silage but decreased (p < 0.05) that of CSVP silage. The contents of propionic acid and butyric acid of SCS silage tended to be higher (p = 0.09) in the control, followed by the additive treatments. However, these two organic acids of CSVP silage were not affected (p ≥ 0.11) by the treatments. For SCS silage, AC addition significantly reduced (p < 0.05) the NH3-N content, while the other two additives did not. Compared with the control, the addition of AC, TH14, and AC+TH14 significantly decreased (p < 0.05) the NH3-N content in CSVP silage.




3.3. Effect on Microbial Population of Silage


The microbial populations of SCS and CSVP silage at 60 d after fermentation are shown in Table 3. The LAB counts for SCS silage were 107 cfu g−1 FM; there was no difference (p = 0.13) among the different treatments. For CSVP silage, the LAB population was significantly lower (p < 0.05) for AC+TH14 when compared with the control and TH14 treatment. Counts of aerobic bacteria in SCS silage were significantly higher (p < 0.05) for AC+TH14 in comparison with the control and other additives, but those in CSVP silage exhibited no significant difference (p = 0.30) among treatments. In all silage, the counts of coliform bacteria, yeasts, and molds decreased to below the detectable level (<102 cfu g−1 FM).




3.4. Effect on Chemical Composition and Gross Energy Content


The DM and OM contents of SCS silage tended to differ (p = 0.07) among treatments (Table 4). In CSVP silage, although DM content did not differ (p = 0.33) among treatments, the OM content was significantly greater (p < 0.05) when it was added by AC or AC+TH14 additive. The CP content of both SCS and CSVP silage increased significantly (p < 0.05) using additives, except with the addition of TH14 to CSVP silage. The EE content of SCS silage was significantly lower (p < 0.05) for the TH14 additive and for CSVP silage it was significantly greater (p < 0.05) with the AC and AC+TH14 treatment compared with the control and the TH14 treatment. For SCS silage, the NDF content was significantly greater (p < 0.05) in the control, with slightly lower increases for the TH14, AC, and AC+TH14 treatments in decreasing order. In CSVP silage, the NDF content was significantly greater (p < 0.05) in the control and TH14 treatment, with the AC and AC+TH14 showing a smaller increase. In comparison with the control, the ADF content in SCS and CSVP silage decreased significantly (p < 0.05) with the use of additives. The ADL content of SCS silage was not affected (p = 0.60) by the additives. The addition of TH14 significantly reduced (p < 0.05) the ADL content of CSVP silage compared with the control and other additives. The GE content of SCS silage was significantly greater (p < 0.05) for the control and AC+TH14 treatment, but there was no difference (p = 0.89) in its content observed for CSVP silage.




3.5. Effect on In Vitro Digestibility of Silage


The in vitro digestibility of SCS and CSVP silage at 24 h and 48 h incubation are presented in Table 5. After 24 h of incubation, the IVDMD of SCS silage ranged from 465 to 509 g kg−1 and did not differ (p = 0.18) among treatments, while IVNDFD and IVADFD were significantly reduced (p < 0.05) in the treatment with added AC+TH14. When incubation lasted 48 h, IVDMD of SCS silage significantly increased (p < 0.05) with the addition of AC and AC+TH14. However, the IVNDFD, and IVADFD were depressed (p < 0.05) by AC and AC+TH14 compared with the control and TH14. In CSVP silage, IVDMD was significantly increased 24 h after incubation with the addition of AC or AC+TH14 (p < 0.05) but this effect had disappeared (p = 0.72) when incubation was prolonged to 48 h. The IVNDFD and IVADFD of CSVP silage were consistently depressed (p < 0.05) when AC or AC+TH14 was added compared with the control or TH14 additive.





4. Discussion


4.1. Microbial Population and Chemical Composition of Sweet Corn Stover and Cassava Pulp


Microorganisms play major roles in silage-making practices, most of which use nutrients in plant materials to grow, thus altering the nutrient value of silage for livestock [29]. In this present study, the microbial numbers (Table 1) ranged within the typical populations of bacterial, yeast, and fungal groups in plants prior to ensiling [29]. For instance, the microbial counts in CSVP are in accordance with those of a previous study [6]. Among microbial strains, a high population of epiphytic LAB can improve lactic acid fermentation, which has a probiotic effect or, critically, decreases the pH to halt clostridial growth [29]. An optimum epiphytic LAB number in tropical grasses was revealed to be 105 cfu g−1 FM [16]. In this study, the LAB counts of 104 to 105 cfu g−1 FM might be adequate for obtaining good ensiling characteristics. In addition, low counts of coliform, aerobic bacteria, yeasts, and molds were found in this study. However, these strains do not effectively improve fermentation, nor do they maximize the preservation of nutrients in silage [10].



The optimal DM content for assisting fermentation and transportation of pre-ensiled materials ranged from 200 to 400 g kg−1. The DM content of the SCS and CSVP silage used in this study were slightly low (187 to 237 g kg−1). The DM, OM, CP, EE, NDF, and ADF contents of SCS were consistent with those reported by Gao et al. [4] and those of CSVP were consistent with those reported by Napasirth et al. [8]. The EE or lipids are 2.25 times more combustible than the other OM fractions [30]; thus, the GE content of SCS and CSVP can vary by the portions of EE content [31].




4.2. Ensiling Characteristics


Ensiling characteristics that are considered end-products could help to verify the appropriate methods in silage production [7]. All silage in this study was well preserved with low pH value (3.42–3.87) and NH3-N content, and high lactic acid content (Table 2). Having a pH level less than 4.2 is important as it inhibits harmful bacterial activities, especially clostridia. Our results suggest that the addition of either AC or TH14 can significantly decrease the pH of SCS and CSVP silage compared with the control. However, adding AC+TH14 did not clearly affect the pH of SCS silage. Previously, the use of AC+TH14 could have advantages over AC or TH14 alone as a positively combined effect to promote the ensiling characteristics of tropical forages [11,16]. Moreover, Gao et al. [4] reported that the pH of SCS silage significantly decreased when adding AC plus L. plantarum, and this effect was stronger than adding L. plantarum alone. We cannot explain the mechanism of these findings. More research is required to elucidate the probiotic mode of LAB inoculants to SCS silage.



The results imply that the addition of AC, TH14, and AC+TH14 to silage could enhance lactic acid production and support the decrease to the pH value. The mode of action of fibrolytic enzymes could be the degradation of fibrous fractions and supply of essential substrate (fermentable sugars) for lactic acid producing bacteria growth [7,12]. Thus, LAB helps enzymes to improve the ensiling characteristics by causing a sharp rate of lactic acid fermentation [18]. Although improved lactic acid production in SCS silage supports the previous findings of Gao et al. [4], the results we obtained for CSVP silage were not consistent with those of LAB inoculants reported in Napasirth et al. [8]. Napasirth et al. [8] found that it is difficult to increase lactic acid production in CSVP silage with LAB inoculants because of high epiphytic LAB numbers, especially homofermentative strains. Khota et al. [16] reported that L. plantarum and L. casei (homofermentative rods) could be the dominant species in tropical silage. In the present study, an insufficient number of homofermentative LAB naturally present on fresh CSVP might lead to increase lactic acid production in CSVP silage prepared with TH14 in comparison to control. In facts, many factors (i.e., sources, seasons, preparation methods and etc.) control the characteristics of the epiphytic LAB in CSVP. This finding suggests that TH14 inoculant is an effective additive to ensure the fermentation quality of CSVP silage when the microbial profile might be not appropriate. However, more research is needed to evaluate microbial community and dynamic fermentation in CSVP silage.



The results found that acetic acid production in SCS silage increased but in CSVP silage it decreased when the additive was AC+TH14. Moreover, the results showed very high level of acetic acid, especially in CSVP silage, where in treated silage the proportion of acetic acid to lactic acid is over 50% and in control silage its content is higher than lactic acid. Acetic acid production might help to enhance the aerobic stability of silage [7]. However, in good quality silage the content of acetic acid should not to be higher than 10−20%. Pholsen et al. [18] suggested that abundant acetic acid fermentation could occur during ensiling with heterofermentative LAB species. Therefore, the variation in the final acetic acid levels among types of silage may have been related to the population of epiphytic LAB present. In this study, only a tend (p < 0.10) was noted for the difference of propionic acid and butyric acid results among silage additive treatments. The concentration of these acids in silage is usually low [7,32]. Chen et al. [33] indicated that increased propionic acid content might inhibit lactic acid production of silage, provide more residual sugar, and prolong aerobic stability. The NH3-N content are a good indicator of proteolysis in silage [7]. It can indicate a reduction in the biological value of CP content, as comparatively lower values of NH3-N were evident among various dietary nitrogenous compounds [34]. Thus, the addition of AC could be recommended for improving the silage quality of SCS in this work.




4.3. Microbial Population of Silage


Undesirable microorganisms in silage, such as aerobic bacteria, yeasts, and molds, are detrimental to the nutritional quality of silage when oxygen is available [10]. In this experiment, the variation in microbial counts of silage (Table 3) was probably related to the reduction in pH, the main factor that affects silage microbes with high resistance to acidic conditions. The significantly higher (p < 0.05) aerobic bacteria population we found in SCS silage with the addition of AC+TH14 was a surprising result. This means that some aerobic bacteria can survive low-pH conditions in silage of various materials and with microbial ecology stimulation of AC+TH14. This result is contrary to a previous finding [17] and the reason for this is not clear. Perhaps the aerobic spore-containing bacilli can grow in a relatively low pH environment such as that of silage. Future studies are needed to explore the relationship between spore-forming aerobic bacteria and silage fermentation.




4.4. Chemical Composition and Gross Energy Content of Silage


The chemical composition and GE content of silage determine the nutritive value for livestock [34]. Our results confirm those of previous reports [4,11,16,35], in which additives changed the chemical composition and GE content of silage (Table 4). Khota et al. [16] indicated that about 2% of DM content can disappear with the effects of additives. Here, OM content was decreased when AC or AC+TH14 was added to CSVP silage, unlike when it was added to SCS silage. The addition of AC or AC+TH14 increased the CP content and led to a significant decrease in the NDF content of silage. Moreover, there was reduced ADF content in silage when any additive was used.



The delignification of TH14 in CSVP silage was surprising. This finding is in contrast to that of Li et al. [15], in which the AC+TH14 did not alter the ADL content. LAB are unable to decompose plant fiber and lignin directly [17,18], so perhaps other fiber-decomposing microbes that degrade fiber and lignin during silage fermentation could be found, which might be the cause of a reduction in fibrous contents and delignification in the silage. Most plant feedstuffs are able to combust at 15.0 to 20.0 MJ GE kg−1 DM [31]. In this study, the results show the GE content of SCS silage could be slightly decreased by either AC or TH14.




4.5. In Vitro Digestibility of Silage


In vitro experiments are an important research step used to determine whether to apply potential treatments to animals [34]. In ruminants, the IVDMD in rumen fluid is primarily responsible for estimating energy partition potential in feedstuffs [23]. Therefore, the comparison of silage quality with IVDMD has practical relevance for the estimation of feed utilization [12]. In this study, improved IVDMD was found from both SCS and CSVP silage, which were prepared with AC and AC+TH14 (Table 5). However, the TH14 did not improve the IVDMD of silage in this study. Thus, the positive effects should be archived from the enzymatic saccharification of AC at ensiling, as AC increases the ruminal fermentable fractions of silage. This finding is in agreement with that of Rinne et al. [35], who demonstrated that an optimized enzymatic saccharification using cellulase helps to satiate lactic acid fermentation during ensiling and increases the in vitro OM digestibility of the silage.



In comparison to the control, adding AC or AC+TH14 significantly depressed the IVNDFD and IVADFD of SCS and CSVP silage. This lower ruminal fiber digestibility probably resulted from a high lignin-fiber condensation. Fibrous fractions of silage could partially be degraded by AC and the escaped portions should be condensed by lignin. This plant composition is complex and can protect the accessibility of ruminal enzymatic activities in hydrolyzing hemicellulose and cellulose [34].



The results evaluate that the level of IVDMD in SCS silage could be lower than in CSVP silage. This is related to the differences in carbohydrate type between SCS and CSVP (NDF vs. NFC sources). As the IVDMD of CSVP was extremely high (>845 g kg−1), an enhanced IVDMD could be offset when the incubation was prolonged to 48 h.





5. Conclusions


The results of this study suggest that the addition of AC (0.1 g kg−1 FM) could help to improve ensiling characteristics (pH value, lactic acid production, and NH3-N content), the chemical composition (CP and fiber contents), and IVDMD of SCS and CSVP silage. The addition of L. casei strain TH14 (108 cfu kg−1 FM) enhanced the lactic acid fermentation of silage, but in combination with its enzymatic application (AC+TH14) it could not decrease the NH3-N content in SCS silage. To capture the benefits to silage quality of ensiling SCS and CSVP with AC, TH14, or AC+TH14, an in vivo evaluation in ruminant livestock will need to be conducted.
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Table 1. Microbial counts, chemical composition, and gross energy content of pre-ensiled materials used in this study.
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	Item 1
	SCS
	CSVP





	Microbial counts (cfu g−1 FM)
	
	



	LAB
	4.55 × 105
	2.88 × 104



	Coliform bacteria
	3.74 × 104
	ND



	Aerobic bacteria
	2.60 × 105
	3.20 × 104



	Yeasts
	ND
	ND



	Molds
	ND
	ND



	Chemical composition (g kg−1 DM)
	
	



	DM (g kg−1)
	236.5
	187.4



	OM
	922.1
	976.7



	CP
	92.1
	19.6



	EE
	14.6
	3.7



	NDF
	688.6
	352.9



	ADF
	395.4
	200.7



	ADL
	51.0
	32.9



	NFC
	126.9
	600.5



	GE content (MJ kg−1 DM)
	17.25
	15.94







1 cfu, colony forming unit; FM, fresh matter; LAB, lactic acid bacteria; DM, dry matter; OM, organic matter; CP, crude protein; EE, ether extract; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin; NFC, nonfiber carbohydrates; GE, gross energy; SCS, sweet corn stover; CSVP, cassava pulp; ND, not detected (<102 cfu g−1 FM).
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Table 2. Ensiling characteristics of silage after 60 d of fermentation.
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Item 1

	
Additives

	
pH

	
Lactic Acid

	
Acetic Acid

	
Propionic Acid

	
Butyric Acid

	
NH3-N




	
(g kg−1 DM)






	
SCS silage

	
Control

	
3.87 a

	
91.8 c

	
25.2 b

	
2.14 x

	
1.20 y

	
1.41 a




	
AC

	
3.81 b

	
98.1 bc

	
28.0 ab

	
1.26 y

	
0.13 z

	
1.03 b




	
TH14

	
3.79 b

	
114 a

	
23.3 b

	
0.01 z

	
0.19 z

	
1.45 a




	
AC+TH14

	
3.85 ab

	
103 b

	
31.8 a

	
0.50 yz

	
0.27 z

	
1.39 a




	
SEM

	
0.017

	
2.79

	
1.83

	
0.542

	
0.289

	
0.058




	
p

	
0.002

	
0.003

	
0.050

	
0.093

	
0.096

	
0.003




	
CSVP silage

	
Control

	
3.60 a

	
87.8 b

	
92.2 ab

	
2.64

	
0.64

	
0.28 a




	
AC

	
3.42 b

	
143 a

	
80.7 bc

	
0.41

	
0.07

	
0.13 b




	
TH14

	
3.49 b

	
150 a

	
98.7 a

	
1.30

	
0.31

	
0.16 b




	
AC+TH14

	
3.42 b

	
150 a

	
72.8 c

	
0.34

	
0.04

	
0.12 b




	
SEM

	
0.027

	
7.67

	
4.14

	
0.962

	
0.174

	
0.025




	
p

	
0.005

	
0.001

	
0.009

	
0.357

	
0.114

	
0.008








1 SCS, sweet corn stover; CSVP, cassava pulp; AC, Acremonium cellulase; TH14, L. casei strain TH14 inoculant; SEM, standard error of the means; NH3-N, ammonia nitrogen; DM, dry matter. a–c Means within columns with difference superscript letters differ at p < 0.05. x–z Mean separations, refer to the differences as tendencies (p < 0.10).
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Table 3. Microbial populations of silage after 60 d of fermentation.
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Item 1

	
Additives

	
LAB

	
Coliform

Bacteria

	
Aerobic

Bacteria

	
Yeasts

	
Molds




	
(cfu g−1 FM)






	
SCS silage

	
Control

	
1.4 × 107

	
ND

	
1.5 × 103 b

	
ND

	
ND




	
AC

	
3.9 × 107

	
ND

	
1.8 × 103 b

	
ND

	
ND




	
TH14

	
4.8 × 107

	
ND

	
1.2 × 103 b

	
ND

	
ND




	
AC+TH14

	
3.2 × 107

	
ND

	
3.5 × 103 a

	
ND

	
ND




	
SEM

	
89.15

	
–

	
34.10

	
–

	
–




	

	
p

	
0.130

	
–

	
0.007

	
–

	
–




	
CSVP silage

	
Control

	
9.8 × 106 ab

	
ND

	
1.1 × 103

	
ND

	
ND




	
AC

	
6.8 × 106 bc

	
ND

	
7.1 × 102

	
ND

	
ND




	
TH14

	
1.4 × 107 a

	
ND

	
1.8 × 103

	
ND

	
ND




	
AC+TH14

	
4.8 × 106 c

	
ND

	
1.2 × 103

	
ND

	
ND




	
SEM

	
13.17

	
–

	
37.11

	
–

	
–




	
p

	
0.008

	
–

	
0.297

	
–

	
–








1 SCS, sweet corn stover; CSVP, cassava pulp; AC, Acremonium cellulase; TH14, L. casei strain TH14 inoculant; SEM, standard error of the means; LAB, lactic acid bacteria; cfu, colony forming unit; FM, fresh matter; ND, not detected (<102 cfu g−1 FM). a–c Means within columns with difference superscript letters differ at p < 0.05.
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Table 4. Chemical composition and gross energy content of silage after 60 d of fermentation.
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Item 1

	
Additives

	
DM

	
OM

	
CP

	
EE

	
NDF

	
ADF

	
ADL

	
GE

(MJ kg−1 DM)




	
(g kg−1)

	
(g kg−1 DM)






	
SCS silage

	
Control

	
219 y

	
923 z

	
90.5 b

	
17.7 a

	
687 a

	
416 a

	
51.4

	
17.4 a




	
AC

	
203 z

	
922 z

	
95.9 a

	
17.4 ab

	
640 c

	
397 b

	
50.7

	
17.3 b




	
TH14

	
202 z

	
925 y

	
96.3 a

	
14.7 b

	
655 b

	
399 b

	
51.0

	
17.1 c




	
AC+TH14

	
201 z

	
923 z

	
95.4 a

	
19.5 a

	
640 c

	
391 b

	
50.3

	
17.5 a




	
SEM

	
4.3

	
0.9

	
1.21

	
0.90

	
4.0

	
3.7

	
0.60

	
0.02




	
p

	
0.057

	
0.067

	
0.030

	
0.032

	
0.001

	
0.007

	
0.603

	
0.001




	
CSVP silage

	
Control

	
118

	
970 a

	
24.4 b

	
2.70 c

	
356 a

	
228 a

	
37.0 a

	
16.1




	
AC

	
105

	
963 b

	
29.4 a

	
4.70 ab

	
185 b

	
116 c

	
40.0 a

	
16.2




	
TH14

	
115

	
971 a

	
25.2 b

	
3.85 bc

	
357 a

	
213 b

	
31.9 b

	
16.2




	
AC+TH14

	
111

	
966 b

	
28.4 a

	
5.56 a

	
185 b

	
116 c

	
39.7 a

	
16.2




	
SEM

	
4.7

	
1.4

	
0.40

	
0.490

	
4.8

	
4.4

	
1.42

	
0.01




	
p

	
0.325

	
0.012

	
<0.001

	
0.017

	
<0.001

	
<0.001

	
0.013

	
0.892








1 SCS, sweet corn stover; CSVP, cassava pulp; AC, Acremonium cellulase; TH14, L. casei strain TH14 inoculant; SEM, standard error of the means; DM, dry matter; OM, organic matter; CP, crude protein; EE, ether extract; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin; GE, gross energy. a–c Means within columns with difference superscript letters differ at p < 0.05. y–z Mean separations, refer to the differences as tendencies (p < 0.10).
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Table 5. In vitro digestibility of silage after 60 d of fermentation followed by 24 h and 48 h of incubation.
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Item 1

	
Additives

	
24 h Incubation

	
48 h Incubation




	
IVDMD

(g kg−1)

	
IVNDFD

(g kg−1)

	
IVADFD

(g kg−1)

	
IVDMD

(g kg−1)

	
IVNDFD

(g kg−1)

	
IVADFD

(g kg−1)






	
SCS silage

	
Control

	
465

	
323 a

	
277 a

	
598 b

	
538 a

	
519 a




	
AC

	
509

	
278 ab

	
229 a

	
630 a

	
473 b

	
452 b




	
TH14

	
469

	
306 a

	
263 a

	
610 b

	
542 a

	
516 a




	
AC+TH14

	
494

	
221 b

	
166 b

	
626 a

	
450 b

	
399 c




	
SEM

	
14.7

	
20.9

	
21.4

	
4.6

	
7.2

	
8.5




	
p

	
0.181

	
0.038

	
0.010

	
0.004

	
<0.001

	
<0.001




	
CSVP silage

	
Control

	
847 b

	
635 a

	
555 a

	
905

	
762 a

	
676 a




	
AC

	
892 a

	
116 b

	
140 b

	
917

	
511 b

	
271 b




	
TH14

	
845 b

	
620 a

	
522 a

	
913

	
771 a

	
663 a




	
AC+TH14

	
875 a

	
155 b

	
187 b

	
904

	
485 b

	
268 b




	
SEM

	
6.3

	
26.6

	
18.4

	
9.7

	
30.6

	
18.7




	
p

	
0.002

	
<0.001

	
<0.001

	
0.742

	
<0.001

	
<0.001








1 SCS, sweet corn stover; CSVP, cassava pulp; AC, Acremonium cellulase; TH14, L. casei strain TH14 inoculant; SEM, standard error of the means; IVDMD, in vitro dry matter digestibility; IVNDFD, in vitro neutral detergent fiber digestibility; IVADFD, in vitro acid detergent fiber digestibility. a–c Means within columns with difference superscript letters differ at p < 0.05.
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