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Rumen acidosis is the consequence of feeding rapidly fermentable grain diets and it is considered the most common nutritional disorder in intensive feeding ruminants. Due to that mechanism of catabolism and transformation is driven by multi-factors, the role of ruminal lactate and its contribution to subacute rumen acidosis has not been well defined yet. The aim of this study is to evaluate the effects of SARA on the production, absorption, circulation, and transformation of lactate in the rumen. In this study, rumen samples were collected from 12 adult Saanen goats (44.5 ± 4.6 kg BW) equipped with permanent rumen cannula to measure rumen fermentation parameters, organic acids production, microbial profiles, and blood indicators to identify the occurrence of SARA. To further investigate the change in the disappearance rate of ruminal lactate, rumen fluid was collected and a batch culture was performed. The results showed that the clearance rate of ruminal lactate was accelerated by SARA, and the concentration of the ruminal lactate pool was stable. In addition, the rumen liquid dilution rate and the rumen liquid flow rate under the SARA condition of goats were lower than that in normal conditions. The ruminal lactate flow rate had no difference throughout the process of fermentation. However, in vitro data showed that the disappearance of lactate was reduced in SARA. By measuring the conversion of sodium L-[3-13C]-lactate in batch culture, it was found that the percentage of lactate converted to propionate was significantly lower in the SARA treatment and 16.13% more lactate converted to butyrate under SARA condition. However, the percentage of lactate transformed into acetate and butyrate was significantly increased in the SARA treatment than that of control. The relative population of total protozoa count in SARA was significantly reduced, while the relative population of Lactobacillus fermentum, Streptococcus bovis, Butyrivibrio fibrisolvens, Megasphaera elsdenii, and Selenomonas ruminantium in the SARA treatment was significantly induced (p < 0.05). It is concluded that the transformation of lactate into butyrate may promote the development of SARA. These findings provide some references to the diet formulation for preventing SARA.
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Introduction

Lactate acidosis is a major rumen disorder and welfare issue that affects animal health and production in systems such as dairy and feedlot ruminants. Lactate is a crucial intermediate product derived from microbial starch catabolism in the rumen, which plays a significant role in rumen acidosis. Under normal conditions, lactate in the rumen is an intermediate product in carbohydrate fermentation that is converted to volatile fatty acids by rumen microbes. Lactate in the rumen is mainly produced by fermentation of starch by Streptococcus bovis and catabolized by lactate dehydrogenase(LDH)from lactate-utilizing bacteria like Megasphaera elsdenii and Selenomonas ruminantium in the rumen. The processes of lactate uptake are controlled strictly, and subsequently, the concentration of lactate in metabolic pools is assumed to be in homeostasis. When the production of excessive lactate and the concentration of lactate accumulation in the rumen exceeds the elimination capacity of ruminants, ruminal pH drops and in its acute form (pH<5.0), ruminal lactate acidosis is more likely to occur. However, in modern intensive ruminant production, ruminants feeding on high-grain diets are more likely threatened by subacute rumen acidosis (SARA) compared with rumen acidosis. Typically, SARA occurs when the rumen pH is between 5.2 and 5.6 for 3 h per day (1). Accumulation of short-chain fatty acid (SCFA) rather than lactate is often observed in ruminants suffering from SARA; however, the roles of ruminal lactate function are less studied except for its known higher concentration during SARA. In addition, in different studies due to differences in feeding systems and feeding methods, as well as differences in research purposes and individual adaptations, there are also certain inconsistencies in the results (2). The production of lactate in the rumen is mainly dependent on the decomposition of starch in the diet, samples taken, and period of observation whereas previous studies have reported that lactate does not accumulate significantly in the rumen when SARA occurs, implying a high level of lactate clearance in the rumen (3, 4). The lactate formed in the rumen may be removed by absorption from rumen epithelium, microbial fermentation, and passage to the lower digestive tract (5). Notably, the conversion of lactate into volatile fatty acids by rumen microorganisms is the main pathway for lactate catabolism. In addition, previous studies report that during the occurrence of SARA induced by high-corn diets, excess lactate in the rumen is decomposed and converted into butyrate by lactate-utilizing bacteria and induced butyric acidosis (6). Therefore, understanding the metabolic process of lactate transport and absorption in the rumen under SARA condition is of great merit for regulating the occurrence and development of rumen acidosis (6). Our previous studies on SARA were mostly focused on controlling the accumulation of SCFAs in the rumen. However, the mechanism of metabolic transformation of lactate and its contribution to subacute rumen acidosis of ruminants are still undefined. Therefore, the objective of this study was to evaluate the effects of SARA on the absorption, circulation, and transport of lactate in rumen, and aimed to provide theoretical references and insights on future directions to the diet formulation for preventing SARA.



Materials and methods

The experimental protocol was approved by the Animal Care and Use Committee of the Yangzhou University. All animal experiments adhered to the animal experiment policy of the Yangzhou University, China.


Animals and experimental design

A total of 12 adult non-lactation Saanen goats (44.5 ± 4.6 kg of initial body weight) fitted with ruminal cannula were individually housed in slatted wood floor pens (1.5 × 2.5 m) with an automatic drinking bowl and feed chute. A completely randomized experimental design was used. The goats were randomly assigned as either control (CON; n = 6), non-fiber carbohydrate/neutral detergent fiber (NFC/NDF) = 0.95, or high-concentrate diet (SARA; n = 6; NFC/NDF = 2.56) treatment. The ration was formulated according to the recommendations of the National Research Council (NRC 2007) to meet the minimum energy requirement of dairy goats. The composition and nutrition level of the diets are shown in Table 1. The experiment lasted for 21 days, including the first 4 days as an adaptation period, 14 days as a testing period, and 3 days as a sampling period. In this study, ruminal pH between 5.2 and 5.6 for more than 3 h every day was identified as the threshold pH of SARA (7). The diets were offered in equal amounts daily and fed twice at 08:00 and 16:00 (600 g per feeding). The goats were given free access to water during the experiment.


TABLE 1 Ingredients and chemical composition of the experimental diet for goats.
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Digesta flow rate determination

The rumen liquid flow rate was measured using Co-EDTA. The marker was prepared according to the methods of Udén et al. (8); 2 g of prepared Co-EDTA diluted in 50 mL of distilled water was injected into the rumen of each goat through the cannula on day 19 of the experiment before morning feeding 20 mL of rumen fluid was collected before and 2, 4, 6, 8, 12, and 24 h after feeding. The rumen fluid was centrifuged for 20 min at 12,000 rpm at 4°C. After this, the supernatant of the rumen fluid was prepared by filtering through a 0.45 μm filter. A total of 10 mL of mixed acid solution (concentrated nitric acid and perchloric acid, 4:1, v/v, Sinopharm Group, China) was added into 2.5 mL of supernatant of the rumen fluid and the samples were digested for 2 h at a temperature of 160°C on an electric hot plate until the solution turned clear, light yellow, and reduced to 1 mL and the contents were quantitatively transferred to a 25 mL volumetric flask. The cobalt concentration was measured by inductively coupled plasma optical emission spectrometry (Optima 7300 DV; PerkinElmer) and the wavelength was 228.62 nm.



Batch culture

On day 20 of the experiment, the rumen fluid was collected from goats before morning feeding and squeezed through four layers of cheesecloth for in vitro experiment. The filtered rumen fluid was transferred into a pre-warmed (39°C), pre-CO2 flushed thermos and brought to the laboratory immediately. The filtered rumen fluid was mixed with an anaerobic buffer solution (based on DcDougall and modified by Mickdam, Table 2) in a 6:1 ratio. A total of 70 mL of this rumen fluid: buffer mixture was transferred into 200 mL serum bottles, and 30 mM sodium L-lactate (99%, Sigma-Aldrich, 71718) containing 10% sodium L-[3-13C]-lactate (99%, Sigma-Aldrich, 490040) was added to each bottle. The bottles were sealed with gas-tight rubber stoppers under a CO2 atmosphere and incubated for 6 h at 39°C and oscillated at 125 rpm. Three bottles were removed from each treatment at 0, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, and 6 h of fermentation. The microbial fermentation was terminated by placing the serum bottles on ice and the mixture was collected and stored at −20°C.


TABLE 2 The composition of artificial saliva buffers for rumen fermentation in vitro.
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Rumen fluid sampling

In the in vivo experiment, the ruminal liquid was collected from different positions in the cranial and ventral sacs of the rumen on day 21. The samples were collected at different times from 08:00 to 16:00 h via the ruminal cannula of the goats (collect rumen fluid 20 mL every hour). The samples were immediately squeezed through four layers of cheesecloth and the pH of the rumen fluid was determined immediately after sampling using a pH meter (Sartorius, Goettingen, Germany). The rumen fluid was divided into two parts, one part of the rumen fluid was boiled for 30 min and centrifuged at 20,000×g for 45 min at 4°C for LPS (lipopolysaccharide) determination. The other rumen fluid was stored at −20°C for further analysis.



Measurement of ruminal organic acids production and physiological parameters

In both in vitro and in vivo experiments, the rumen fluid was centrifuged at 10,000 × g for 10 min at 4°C and filtered through a 0.22 μm filter. A total of 0.2 mL of 20% metaphosphoric acid stock solution (Sinopharm Group, China) containing 60 mM crotonic acid (Sinopharm Group, China) was added to 1 mL of the supernatant for volatile fatty acid (VFA) determination. The VFAs were determined through capillary column gas chromatography (GC-14B, Shimadzu, Kyoto, Japan; film thickness of the capillary column, 30 m × 0.53 m × 1 μm; column temperature, 110°C; injector and detector temperature, 200°C) (9). The serum and rumen fluid LPS concentrations were measured using a Chromogenic End-point Tachypleus Amebocyte Lysate Assay Kit (Chinese Horseshoe Crab Reagent Manufactory Co., Ltd., Xiamen, China) as described previously (7, 10). The lactate concentrations of rumen fluid and serum were measured using a lactate Assay Kit (Jiancheng Bioengineering Institute, Nanjing, China) according to the manufacturer's instructions protocol. The LDH release of the serum was detected using a lactate dehydrogenase (LDH) kit (Jiancheng Bioengineering Institute, Nanjing, China).



Blood sample collection and analysis

On the last day of the experiment, blood samples from the jugular vein of goats were collected before morning feeding. Approximately, 5 mL of blood was collected into a vacuum tube, centrifuged at 4°C for 15 min at 3,000×g, and the supernatant was transferred into 2 mL LPS-free glass tubes. The serum was stored at −20°C for future analyses.



13C NMR spectrometry measurement

After 6 h of in vitro incubation, the fermentation broth was collected and separated by centrifugation at 10,000 × g for 10 min and the supernatant was filtered by a 0.22 μm membrane for the determination of lactate conversion. A total of 3 mL of the prepared supernatant was acidified (pH=2.0) by using (6.38 mol/L) potassium the phosphate buffer described previously (11); 800 μL of the above solution was transferred to a tube containing 200 μL of D2O. 13C-NMR spectra were recorded at 125 MHz using a Bruker AvanceII 500-MHz superconducting spectrometer (BrukerBiospin, Bern, Switzerland) equipped with a dual 13C/1H probe, and 83.6 μmol/L methanol-containing D2O solution was used as an external standard for quantification. The chemical shift of organic acids was measured based on past reports and MestRe-C software (version 4.9.9.9, Mestrelab Research, Santiago de Compostela, Spain) was used for peak detection and peak area integration.



Semi-quantitative estimation of rumen microorganisms by real-time PCR

After 6 h of in vitro incubation, 2 mL of fermentation broth was centrifuged at 10,000 × g for 20 min at 4°C and the supernatant was discarded. Under the manufacturer's instructions protocol, the QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany), which includes a bead beater for physically disrupting, was used to extract DNA. The purity, concentration, and quality of DNA were determined using NanoDrop 1000 (NanoDrop Technologies, Wilmington, DE, United Stated). RT-qPCR was performed using SuperReal PreMix Color (SYBR Green) (FP171207, Tiangen Biotech, Beijing, China) on an ABI 7500 Real-Time PCR system (Applied Biosystems, United Stated) following the manufacturer's instructions. The PCR amplification conditions were as follows: pe-denaturation at 95°C for 15 min followed by 40 cycles of 95°C for 10 s and 60°C for 32 s. The primers used are listed in Table 3. The PCR primers were designed using Primer-Blast and relative quantification analysis was performed by the 2−ΔΔCT method. The total 16S rRNA gene amplified by the total bacterial primer set was used as a housekeeping gene for the normalization of the data as described previously (12).


TABLE 3 Primer sequences of rumen microbiota for RT-qPCR.
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Statistical analysis

Data were subjected to independent sample t-tests using SPSS 22.0 (IBM, United Stated). Origin software (version 2020b, OriginLab Corp) was used for non-linear curve fitting. Spectra were processed using the MestRe-C 4.9.9.9 software (Universidad de Santiago de Compostela, Spain). Data were expressed as mean ± standard error of the mean (SEM); p < 0.05 indicated significant differences. The concentration of cobalt in rumen vs. time was fit to an equation as follows (13):

[image: image]

Where Co (0) represents the initial concentration of cobalt, t is the time after morning feeding, and k is the rumen liquid dilution rate.

The volume of liquid in the rumen (V) was calculated as follows:

[image: image]

The flow rate of the liquid in the rumen (FR) was calculated as follows:
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The residence time of the liquid in the rumen (RT) was calculated as follows:
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The flow rate of lactate in the rumen (LFR) was calculated as follows:
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Where C is the concentration of the lactate in the rumen, Co is the concentration of the prepared cobalt solution.




Results


Ruminal fermentation and blood parameters

Ruminal pH decreased rapidly to the lowest value within a short time after morning feeding. As fermentation progressed, ruminal pH increased gradually and climbed to the initial level at the second feeding time (Figure 1 and Table 4). Throughout the fermentation process, the ruminal pH in the SARA group was significantly lower than the CON group (p < 0.05) and the ruminal pH in the SARA group was below 5.6 for more than 3 h daily. Consistent with the variation of ruminal pH, the concentration of the total VFA and lactate reached the peak at 1 h after morning feeding, and then, decreased (Figures 2, 3, and Table 4). Under the SARA condition, greater TVFA concentrations were shown in goats from 2 to 4 h after morning feeding (p < 0.05). In addition, the goats in SARA showed greater lactate concentrations throughout the whole feeding time (p < 0.05). The goats in SARA had high concentrations of propionate, butyrate, isobutyrate, valerate, isovalerate, lactate, and free LPS in the ruminal fluid compared with the CON goats (p < 0.05). However, there was no significant difference in the ruminal acetate concentrations among treatments (p > 0.05). Lactate concentration, lactate dehydrogenase (LDH), and LPS in the serum were greater in the SARA goats than those of the CON goats (p < 0.05).


[image: Figure 1]
FIGURE 1
 The dynamic variation of ruminal pH of goats under normal condition (CON) or SARA condition. Data were expressed as mean ± SEM (n = 6). Diet P < 0.001, Time P < 0.001, Diet* Time P = 0.009.



TABLE 4 Effect of subacute rumen acidosis on rumen fermentation and blood parameters.
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[image: Figure 2]
FIGURE 2
 The dynamic variation of total volatile fatty acids in the rumen fluid of goats under normal (CON) or SARA condition. Data were expressed as mean ± SEM (n = 6). Treatment P < 0.001, Time P < 0.001, Treatment * Time P = 0.02.



[image: Figure 3]
FIGURE 3
 The dynamic variation of lactate concentration in the rumen fluid of goats under normal (CON) or SARA condition. Data were expressed as mean ± SEM (n = 6). Treatment P < 0.001, Time P < 0.001, Treatment * Time P < 0.001.




Ruminal liquid flow kinetics

The R2-value obtained from the fit of CON goats was 0.94 and 0.97 for the SARA goats. As shown in Table 5, the rumen liquid dilution rate and the rumen liquid flow rate of goats under SARA conditions were lower than that for the CON goats (p < 0.05). In addition, SARA increased the rumen retention time (p < 0.05). However, the rumen liquid volume and the initial co-concentration were not affected by the treatment (p > 0.05).


TABLE 5 Effect of subacute rumen acidosis on ruminal outflow parameters.
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Ruminal lactate flow rate

Affected by the change of lactate concentration in the rumen, the SARA goats showed a greater ruminal lactate flow rate (p < 0.05) in the first 2 h after morning feeding (Figure 4). However, the concentration of lactate tended to be stable with the rapid elimination of lactate in the rumen, and there was no significant difference in the ruminal lactate flow rate between the SARA and CON goats (p > 0.05).


[image: Figure 4]
FIGURE 4
 The dynamic variation of lactate concentration in the rumen fluid of goats under normal (CON) or SARA condition. Data were expressed as mean ± SEM (n = 6). Significant differences are denoted by *P < 0.05, and extremely significant differences are indicated by **P < 0.01. Treatment P <0.065,Time P < 0.002, Treatment * Time P = 0.787.




Lactate transformation in vitro batch culture

The uptake of lactate for the CON group was faster than that of the SARA group (p < 0.05) as was observed during the incubation time and during the time of complete lactate consumption (Figure 5). As shown in Figure 6, the dynamic change in the total VFA was similar to the change in lactate consumption in vitro batch culture. In brief, the VFA accumulation in the SARA group was less than the CON group (p < 0.05). However, there was no significant difference in the total VFA concentration after 6 h of incubation in vitro batch culture between the SARA group and CON group (p>0.05; Table 6). In addition, the concentration of propionate, butyrate, isobutyrate, valerate, and isovalerate was significantly higher in the SARA group than in the CON group (p < 0.05). However, there was no significant difference in the acetate concentration between the two treatments (p > 0.05).


[image: Figure 5]
FIGURE 5
 The dynamic variation of lactate clearance rate in the rumen fluid of goats under normal (CON) or SARA condition. Data were expressed as mean ± SEM (n = 6). Treatment P < 0.001, Time P < 0.001, Treatment * Time P <0.001.



[image: Figure 6]
FIGURE 6
 The dynamic variation of total VFA in the rumen fluid of goats under normal (CON) or SARA condition. Data were expressed as mean ± SEM (n = 6). Treatment P < 0.001, Time P < 0.001, Treatment * Time P < 0.001.



TABLE 6 Effect of subacute rumen acidosis on rumen fermentation parameters in vitro.
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Conversion of lactate in vitro

Acetate, propionate, and butyrate were the main organic acid-converted products of lactate in vitro batch culture of the rumen fluid. As shown in Table 7, the percentage of lactate converted to propionate was significantly lower in the SARA group compared with that in the CON group (p < 0.05). In addition, the percentage of lactate converted to acetate and butyrate increased significantly in the SARA group than that of the CON group (p < 0.05).


TABLE 7 Effect of subacute rumen acidosis on lactate convention rate in vitro rumen fermentation.
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Microbial profiles

The relative population of some ruminal microorganisms related to lactate metabolism is shown in Figure 7. The relative abundance of the total protozoa in the SARA group was significantly reduced (p < 0.05), while the relative abundance of Lactobacillus fermentum (L. fermentum), Streptococcus bovis (S. bovis), Butyrivibrio fibrisolvens (B. fibrisolvens), Megasphaera elsdenii (M. elsdenii), and Selenomonas ruminantium (S. ruminantium) in the SARA group was increased significantly (p < 0.05).


[image: Figure 7]
FIGURE 7
 The variation of the relative populations of microorganisms in rumen fluid. Data were expressed as mean ± SEM (n = 6). Significant differences are denoted by *P < 0.05, and extremely significant differences are indicated by **P < 0.01.





Discussion

Currently, definitions of SARA based on the pH of rumen fluid are still controversial and it is for such reasons that different interpretations exist of this metabolic dysfunction. In this study, the ruminal pH between 5.2 and 5.6 for more than 3 h every day was identified as the threshold pH of SARA [9]. Consistent with previous studies, the findings of this showed that feeding on a high-concentration diet increased the content of VFAs, and especially elevated the concentration of propionate and butyrate at the expense of acetate consumption to enhance energy supply (6, 14). SARA can cause dysbiosis of rumen digesta and epithelial-associated microbiota, rumen epithelial damage, rumenitis, systemic inflammation, and other metabolic diseases (e.g., liver abscesses) (15). Rumenitis is a frequent sequel to SARA. A previous study reported that a high-concentration diet increased gut inflammation and permeability allowing harmful metabolites, such as LPS, to penetrate the gut wall and be absorbed into the bloodstream (14). Therefore, the concentration of LPS in the blood can reflect the damage of SARA on the rumen epithelial barrier function. In this study, a high-concentrate diet not only increased the rumen and serum LPS concentration but also increased the risk of lactate accumulation and LDH activity in the blood. The latter may be attributable to the LPS damaging the rumen epithelial barrier.

Ruminal lactate concentration is greatly dependent on the feed intake and the composition of the diet. When the content of rapidly fermentable carbohydrates in the diet is increased, the ruminal starch catabolism bacteria (like S. bovis) is also enhanced, resulting in a rapid increase in the concentration of ruminal lactate and ruminal lactate accumulation (16). While the goats feed on high-roughage diets, the concentration of ruminal lactate is low or even hard to be detected. Several studies have demonstrated that ruminants under SARA condition without ruminal lactate accumulation and VFAs seems mainly responsible for ruminal pH decrease (17). However, what should be taken seriously is that the low ionization constant of lactic acid (pKa 3.85) contributed more to the ruminal pH than VFA (pKa 4.80), especially when lactate accumulated to the threshold value. It should be pointed out that the fluctuation of the concentration of ruminal lactate is also influenced by the time of the feed intake (5, 18). Briefly, the concentration of ruminal lactate peaked in the first 30 min to 1 h after morning feeding, and the concentration of ruminal lactate pool tended to be stable as the fermentation proceeded. Therefore, the ruminal lactate concentration varied over time after the morning feeding and a high rate of rumen lactate clearance was observed in the SARA condition. This instantaneous change in the lactate concentration may attribute to changes in the ruminal microbiota of lactate catabolism throughout the process of fermentation (19, 20). Consequently, in this study, in vitro fermentation was used to further investigate the metabolic transformation of lactate by ruminal microorganisms under SARA conditions.

Numerous studies have shown that ruminants have a rapid lactate disappearance rate when feeding high-grain diets (18, 21). However, the results of this study do not support the above conclusions. The rate of lactate disappearance in batch culture is reduced in the condition of SARA. Therefore, changes in lactate-utilizing microorganisms under SARA conditions have been attracting attention. The increase in lactate the disappearance rate could be associated with an enrichment of ruminal microorganisms caused by a high level of nutrients provided (22, 23). Notably, not only substrate abundance but also ambient pH has impact on ruminal lactate catabolism (24). In general, lactate-utilizing bacteria are susceptible to low-ambient pH (25). Numerous investigations have been conducted on rumen microbial alterations related to SARA. The most prevalent bacteria identified in the rumen are S. bovis and Lactobacillus spp. (26–28). The profile of the lactate-utilizing bacteria, Megasphaera elsdenii and Selenomonas ruminantium, in the SARA group was significantly improved in this study. However, the challenges of bacteria are different due to the more complex in vivo environments (29, 30). Some studies reported that the influence of ambient pH seems to be less pronounced than the population of microbes under SARA conditions, however, this remains to be certified and awaits further research (31). Interestingly, protozoal separated from the rumen contents has a more effective lactate disappearance rate than the lactate-utilizing bacteria (32, 33). In addition, the change in the protozoal population can be the microbial indicator of the development of SARA (34). Therefore, the decline of ruminal lactate disappearance rate under the SARA condition may be caused by the reduction of the protozoal population.

Furthermore, lactic acid is an important precursor of VFAs in the rumen, and nearly 40% of the acetic acid in the rumen is formed by the transformation of lactic acid (19, 35, 36). Our results showed that propionate and butyrate were the main metabolites of lactic acid in the rumen. In vitro batch culture results also indicate that the conversion of lactic acid to propionic acid is reduced, while the acetate and butyrate profiles in the SARA treatment are almost double percent higher than that in the control. However, the relationship between the conversion of lactate by microorganisms and the development of SARA remains undefined. It was reported that the contents of propionate, butyrate, or both are increased when ruminants feed on high-concentration diets (37, 38). However, in the current in vitro experiment, the content of propionate was reduced. Previous studies reported that in the ruminal pH between 5.0 and 6.0, butyrate is a primarily fermentation productor than propionate (6, 39). In addition, the decline of propionate concentration may be associated with the decrease in energy requirement during SARA. The increase of butyrate may be related to the condensation reaction of carbon in the final reaction system (40). On the other hand, B. fibrisolvens is also an important ruminal lactate-producing bacterium. Some strains have the activity of the butyryl-CoA: acetate-CoA transferase which can convert butyryl-CoA to butyrate (40, 41). The effect of butyrate on the health of rumen epithelial has been widely confirmed in previous studies and butyrate accumulation is considered to be the transitional stage of acute acidosis, especially in ruminants feeding on a high-corn diet. Therefore, the conversion of lactate to butyrate during SARA may be a potential inducement (6).

The rumen flow rate has been considered an important kinetics of substance metabolism of ruminants. A large number of studies have shown that ruminants with SARA present with symptoms such as the decrease in rumination, atony of forestomach, and the weakening of intestinal peristalsis, which increase the retention of nutrients in the rumen (42). Therefore, the change of the ruminal lactate flow rate under SARA condition is a cause for concern. The change of the rumen flow rate is negatively correlated with the abundance of trophic levels (43). Consistent with a previous study, when SARA occurs, the lactate flow rate is reduced and the retention time of the rumen is increased during the first time of morning feeding. Nevertheless, the lactate flow rate has no difference between the two groups in the whole fermentation process due to which the pool of lactate concentration is stable.



Conclusion

In conclusion, although the lactate concentration in the ruminal pool is stable when the ruminants feed on high-concentration diets, the variation of lactate concentration in a short term after morning feeding is also very important. The disorder of lactate metabolism caused by SARA has been ignored for a long time in rumiant production due to the low level of lactate concentration. However, our results reveal that SARA significantly reduced the amount of lactic acid catabolism into propionate by the acryloyl pathway meanwhile significantly increasing the amount of lactic acid catabolism into butyric acid by the succinic and butyric pathways. The over conversion of lactate to butyrate may increase the potential risk of SARA to acute acidosis.
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