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Abstract: Enteric methanogenesis in ruminants is identified as one of the primary anthropogenic
sources of total atmospheric methane. Recent evidence suggests that rumen methanogenesis is
significantly suppressed by lovastatin. Nevertheless, it has not been reported whether the methane
reduction by lovastatin depends on ruminant livestock type, nor has fiber degradability been exam-
ined. The current research aimed to analyze the in vitro effect of lovastatin on the major fermentation
end-products, gas production (GP) kinetics, and fiber degradation of a forage-based diet using
rumen inoculum from sheep, goats, and cows. The experiment was conducted as a 3 × 3 factorial
arrangement of treatments (dose of lovastatin: 0, 80, and 160 mg/L and three inoculum sources)
in a completely randomized design. The results suggested that lovastatin did not affect the GP
kinetics parameters. The anti-methanogenic properties of lovastatin were variable depending on dose
and inoculum source. Lovastatin demonstrated a superior methane-lowering effect in sheep rumen
inoculum compared with goat and cow inocula. The total volatile fatty acid (VFA) production was
unaffected by lovastatin, but changes in acetate and valerate proportions were registered. Remarkably,
lovastatin decreased the NH3-N concentration with goat and sheep inocula and the in vitro neutral
fiber detergent (NDF) degradation for all inoculum sources.

Keywords: fermentation; feed additive; fiber degradability; gas production kinetics; livestock; methane

1. Introduction

Enteric methanogenesis in ruminants is considered one of the largest anthropogenic
sources of the total atmospheric methane budget and it is increasing in most regions of
the world [1,2]. For instance, from 2000 to 2012, a global emission of 1.6 Tg CH4/y was
estimated to be much higher than in the 1990–1999 period (0.33 Tg CH4/y) [3]. This fast-
rate discharge of CH4 contributes considerably to global warming and causes atmospheric
particulate concentration changes due to alterations in methane sinks, e.g., oxidation of CH4
by hydroxyl radicals in the troposphere [4]. This issue has become one of the significant
environmental impacts of livestock [5–7]. In addition, ruminal production of CH4 is a
loss of gross energy intake in ruminants [8]. Hence, reducing methane emissions from
ruminants is an increasingly important area of research and application [9–11].

Recent evidence suggests that lovastatin addition decreased rumen methane produc-
tion (see the review by Ábrego-García et al. [12]). The latter phenomenon is related to the
biosynthesis of membrane lipids in methanogenic archaea [13]. These membranes contain
isoprenoid-based lipids (archaeol and caldarchaeol) which are synthesized via the meval-
onate pathway where the enzyme hydroxymethylglutaryl-CoA (HMG-CoA) reductase
catalyzes the conversion of HMG-CoA to mevalonate [14]. On the other side, lovastatin
is a competitive inhibitor of HMG-CoA reductase and thus might disrupt the archaea cell
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membrane within the rumen ecosystem [12,13]. The in vitro anti-methanogenic effect of
lovastatin has been examined by other researchers [15–17]. However, none of these studies
investigated whether lovastatin’s methane reduction depends on ruminant livestock type
(sheep, goats, and cows), nor has fiber degradability been examined, despite the fact that
inoculum from ruminants has dissimilar fermentation profiles regardless of the dietary
composition [18].

On the other hand, hydrogenotrophic methanogenesis is the major pathway for hy-
drogen disposal during the fermentation of feed by the rumen microbiota [19,20]. If this
pathway is suppressed, metabolic hydrogen may be elevated, inhibiting enzymatic activ-
ity. For instance, the hydrogensome (organelle in anaerobic fungi) regulates an internal
redox equilibrium by releasing molecular hydrogen (H2), but the H2 accumulation in-
hibits the anaerobic fungal metabolism [21]. Also, NADH ferredoxin oxidoreductase,
the enzyme involved in H2 formation in bacteria, could be repressed under these con-
ditions [20–22]. Consequently, rumen fermentation might be altered by decreasing fiber
degradation [23–25]. This study aimed to analyze the effects of lovastatin on the major
fermentation end-products, GP kinetics, and fiber degradability in batch cultures using
rumen inoculum from sheep, goats, and cows.

2. Materials and Methods
2.1. Experimental Design and Treatments

Two in vitro trials were performed concurrently to evaluate the effect of lovastatin on
ruminal fermentation characteristics and degradability using inoculum from sheep, goats,
and cows fed an identical diet. The first trial was conducted to determine CH4 production,
ammonia nitrogen, and the VFA profile. In trial two, the parameters of GP kinetics and
degradability were determined. The experiment was performed using a 3 × 3 factorial
design with three doses of lovastatin (0, 80, and 160 mg/L) and three inoculum sources
(sheep, goats, and cows). The experiment lasted for three runs of 24 and 74 h, each run with
nine treatments and blank (no substrate), which were performed in triplicate (analytical
replicates). The values of the replicates within each run were averaged and used as
experimental replicates for the statistical analysis.

To provide the desired concentration for each treatment, two stocks of lovastatin (pow-
der, >97% purity, FERMIC, SA de CV, Mexico City, Mexico) were prepared by dissolving
72 and 144 mg in 10 mL of 98% ethanol. Immediately, 1 mL of each stock was added into
90 mL of a mixture of reduced mineral solution:rumen fluid to achieve 80 (low dose) and
160 mg/L (high dose). The control without lovastatin (0 mg/L) received the same amount
of ethanol.

2.2. Experimental Procedures

Inoculum donor animals were housed at the experimental farm of the Universidad
Autonoma Chapingo, Estado de Mexico, Mexico. Rumen fluid inocula were collected from
two adult female animals (sheep, goats, and cows). All animals were adapted to a diet
with a forage-to-concentrate ratio of 70:30 for a 15 d period (Table 1). The rumen fluid
was taken two hours after the morning feeding via an esophageal tube according to the
standard length of tubes for the ruminant species [26] and transferred to the laboratory in
pre-warmed thermal flasks (39 ◦C). The animal care was conducted in compliance with
the official Mexican standards [27]. The experimental diet was analyzed for dry matter
(DM), ash, ether extract, and crude protein using the following AOAC methods [28]: 934.15,
942.05, 920.39, and 976.06, respectively. Also, the fractions of NDF and acid detergent fiber
were determined according to Van Soest et al. [29].
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Table 1. Ingredients and chemical composition of the experimental diet.

Ingredient g/kg DM

Maize silage 490
Oat straw 210

Ground corn 210
Soybean meal 90

Chemical composition
Crude protein 113.6
Ether extract 42.2

Ash 71.9
Neutral detergent fiber 461.8

Acid detergent fiber 262.9

2.3. In Vitro 24 h Incubation

Amber serum bottles (125 mL) were used, and the substrate (Table 1) was dried at 55 ◦C
for 24 h, ground through a 1 mm screen, and 0.5 g of sample was placed into the bottles.
The reduced mineral solution was prepared according to [30] as follows (concentrations
in g/L, unless otherwise stated): K2HPO4 0.45, KH2PO4 0.45, (NH4)2SO4 0.45, NaCl 0.90,
MgSO4 0.18, CaCl2 0.12, Na2CO3 4, 20 mL/L of a cysteine sulfide solution (2.5 g L-cysteine
in 15 mL 2 N NaOH + 2.5 g Na2S-9H2O in 100 mL distilled water), and 2 drops of resazurin
(0.1%). The rumen fluid was filtered with eight layers of surgical gauze and diluted (1:9 v/v)
with the reduced mineral solution, and 90 mL of this mixture was anaerobically dispensed
into the serum bottles. Finally, lovastatin was added to the bottles at 0, 80, and 160 mg/L.
A water bath was used to incubate the bottles at 39 ◦C for 24 h.

2.3.1. Analysis of Gas Profile

The CH4 production was sampled at 6, 12, 18, and 24 h and determined by a gas
chromatograph (Gow-Mac, Model 350, Bethlehem, PA, USA) equipped with a TCD detector
and a packed column with Molecular Sieve 5A [31]. A calibration curve was generated
using methane as a standard (99% purity). Then, the total GP was determined with a glass
syringe (50 mL). The CO2 production and global warming indicator (GWI = mL CO2/g
DM + (mL CH4/g DM) × 23/100) were calculated as reported by [32].

2.3.2. Determination of Volatile Fatty Acids and Ammonia Nitrogen Concentrations

The samples for VFA were obtained at 24 h of incubation and were prepared as de-
scribed elsewhere [31]. A gas chromatograph (PerkinElmer, auto system, Norwalk, CT,
USA) equipped with an FID detector and a capillary column (Model ZB-FFAP, Phenomenex,
Torrance, CA, USA) was used to determine the total VFA, including the production of
acetate, propionate, butyrate, isovalerate, and valerate [16]. Ammonia nitrogen concentra-
tion was determined according to McCullough [33]. In brief, 1 mL of sample was mixed
with 9 mL of sodium hypochlorite (2.5% v/v) and centrifuged at 6000 rpm for 10 min.
Then, 20 µL of this mixture, 1 mL of phenol, and 1 mL of sodium phenol-nitroprusside
solution were added to a 10 mL test tube. The latter mixture was diluted with 5 mL of
distilled water and incubated in a water bath at 37 ◦C for 30 min to read the absorbance in
a spectrophotometer (Spectronic Instruments, Inc., Rochester, NY, USA) at 630 nm.

2.4. In Vitro 72 h Incubation

A second set of batch cultures under the described methodology and experimental
design was processed to determine the parameters of GP kinetics and degradability (see
Section 2.3). A pressure transducer (pressure gauge, 0–1 kg/cm2, Metron, 6310, Ciudad de
México, Mexico) was used to measure the pressure in the headspace of serum bottles before
venting at 0, 2, 4, 6, 8, 12, 16, 20, 24, 30, 36, 42, 48, 60, and 72 h. Then, these values were
transformed into gas volume [34] and used to estimate the maximum volume (mV, mL/g),
delay phase (L, mL/h), and rate (S, h) of GP parameters with the nonlinear regression
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procedure (NLIN) of SAS 9.4 software and the following logistic model: V = mV/1 + e
[2 – 4 × S (t − L)] as described by Pitt et al. [35], where V = gas volume over time (t),
mV = maximum gas volume, S = the GP rate, and L = the duration of the delay phase.
Additionally, the gas volume was fractioned to estimate the rapid fermentation fraction
(RFF, 0–8 h), medium fermentation fraction (MFF, 8–24 h), slow fermentation fraction (SFF,
24–72 h), and the total fermentable fraction (TFF, 0–72 h) of the incubated substrate based
on the recommendations of Miranda-Romero et al. [34]. The in vitro NDF degradation
was determined gravimetrically by the difference in the substrate before and after 72 h of
incubation [36,37].

2.5. Statistical Analysis

This experiment was conducted as a 3 × 3 factorial arrangement of treatments (lovas-
tatin dose × inoculum source) in a completely randomized design for a total of 9 treatments
with three replications using the following model:

Yij = µ + Ai + Bj + (A× B)ij + eij

where Yij = observations, µ = general mean, A = fixed effect of dose of lovastatin, B = fixed
effect of inoculum source, (A × B) = interaction of lovastatin dose and inoculum source,
and eij = experimental error.

A Tukey’s post hoc test was performed to determine the significant differences between
treatments at p < 0.05. All data were analyzed using the GLM procedure of SAS 9.4 (SAS,
Inst. Inc, Cary, NC, USA).

3. Results and Discussion
3.1. Gas Production Kinetics and Methane Production

The results of GP kinetics, methane production, and carbon dioxide of a forage-based
diet supplemented with lovastatin are shown in Table 2. The mV (mL/g), S (mL/h),
and L (h) parameters were not affected significantly by either lovastatin dose for each
source of inoculum (see also Figure 1). This could be attributed to specific inhibition of the
methanogenic archaea by lovastatin among rumen microorganisms [12]. Another possible
explanation that has received less attention is related to the degradation of lovastatin in the
rumen. For instance, Zhao et al. [38] reported that the degradation of lovastatin by human
gut microbiota is ca. 30% after fermenting for 24 h, but we speculated that the degradation
of lovastatin is highest in the rumen. In this sense, the kinetics of gas production parameters
were assessed after 72 h, so, two-thirds of the incubation period could be unaffected by
lovastatin, thus minor changes in these parameters were expected. It has been stated that
lovastatin did not affect the mV [16,17]. Concerning the effect of lovastatin on S and L
parameters, these have not been reported previously. Nonetheless, Osorio-Teran et al. [39]
showed similar trends: mV (299 mL/g), S (0.035 mL/h), and L (7.72 h) of the in vitro GP
kinetics of a diet containing 40% grain and inoculated with sheep rumen fluid, which
supports the results of this investigation.

Table 2. In vitro gas kinetics and methane production of a forage-based diet added with lovastatin
using three sources of rumen inoculum.

Item
Sheep Goats Cows

SEM
p Values

Con L H Con L H Con L H I D I × D

mV, mL/g 277.7 274.5 251.0 263.6 246.3 250.2 284.1 290.4 274.3 28.37 0.181 0.557 0.926
S, mL/h 0.036 0.034 0.031 0.034 0.036 0.033 0.034 0.035 0.032 0.002 0.896 0.117 0.553

L, h 1.95 1.49 1.16 1.71 1.90 2.1 1.95 1.61 1.36 0.71 0.593 0.709 0.735
CH4 , mL/g DM 44.9 a 31.2 ab 20.1 bcd 27.4 b 19.2 d 16.7 cd 30.2 ab 18.8 bcd 23.72 bc 4.40 0.0002 <0.0001 0.011
CO2 , mL/g DM 216.4 b 242.6 ab 205.4 b 233 c 225.5 c 236 c 270.6 ab 290.9 a 267.9 ab 19.44 <0.0001 0.077 0.765

GWI, CO2e 1249 a 961 ab 575 cde 724 bc 537 e 425 de 965 ab 723 bcd 813 bc 97.75 <0.0001 <0.0001 0.007

a–e Means in the same row with different superscripts differ (p < 0.05). SEM, standard error of the mean; Con,
control; L, low (80 mg lovastatin/L); H, high (160 mg lovastatin/L); I, inoculum; D, dose of lovastatin; I × D,
inoculum × dose of lovastatin; mV, maximum gas volume; S, rate of gas production; L, delay phase; GWI, global
warming indicator.
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Figure 1. Effects of lovastatin on the gas production kinetics of a forage-based diet. The source of
inoculum: (A) goats, (B) cows, and (C) sheep. The dose of lovastatin (mg/L): 0 blue rhombuses,
80 orange squares, and 160 gray triangles.

As mentioned in the Section 2, sheep, goats, and cows were adapted to the same diet,
hence, variation in the microbial activity should be due mainly to the inoculum per se [40].
Regarding the methane production (mL/g DM) from small ruminant inocula after 24 h of
incubation, it was found that lovastatin inhibited methanogenesis by 55% in sheep spiked
with a high dose, while goats with low and high doses demonstrated inhibition of 33 and
39%, respectively.

In the inocula from cows, methanogenesis (CH4 mL/g DM) decreased significantly
by around 37% using low-dose lovastatin (p < 0.05). The findings of the current work are
consistent with those of [16,17], who proposed that lovastatin and simvastatin decreased
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rumen methane production between 35 and 27% for in vitro trials, using cattle ruminal
inocula and high- and low-forage diets, respectively. Differences in methane production
must be related to the higher carbohydrate degradation to produce methane from microor-
ganisms in the rumen inoculum of sheep than in goat and cow inocula under comparable
dietary conditions [41]. In addition, the variation of methane mitigation must be due to
the archaeal abundance. It is widely reported that the relative abundance of dominant
rumen methanogens (Methanobrevibacter gottschalkii and Methanobrevibacter ruminantium)
in sheep is higher than in goats and cattle [42] and, as indicated above, lovastatin is an
inhibitor of archaea lipid membranes [12,13]. Also, a significant lovastatin dose x inocu-
lum source interaction for the methane variable was observed (p = 0.011), suggesting that
the anti-methanogenic property of lovastatin was variable depending on the dose and
inoculum source utilization. To the best of our knowledge, the current study is the first to
report the in vitro effect of lovastatin on rumen methanogenesis across inocula from three
ruminant species.

Overall, compared with the control, the amount of CO2 (mL/g DM) was increased
with a low dose in sheep and cows (p < 0.05), and no significant lovastatin dose x inocu-
lum interaction was observed (p > 0.560). As stated, hydrogenotrophic methanogenesis
(CO2 + 4[2H] = CH4 + 2H2O) is the main pathway for hydrogen disposal during rumen
fermentation [20,43]. It seems that once the CO2 production rate was higher than CO2
utilization, the latter was accumulated in the headspace, which agrees with similar in vitro
trials where plant bioactive extracts were evaluated for the rumen methanogenesis [44].
As expected, the GWI was lowered by lovastatin treatments (p < 0.0001) in each source of
inoculum (p < 0.0001), and a significant lovastatin dose x inoculum interaction was found
(p < 0.007). Interestingly, low- and high-dose lovastatin with sheep inoculum reduced
ca. 23 and 53% of the GWI, i.e., the impact of gas emissions from the sheep on global
warming was much less than goats and cows at similar doses of lovastatin. A general
environmental sustainability index for greenhouse gas emissions from livestock serves as a
guide to compare methane mitigation strategies and feeding systems. It would be useful
to integrate this concept into animal science research for the sustainable development of
livestock production [45].

3.2. In Vitro Degradability

Table 3 provides the data on the in vitro fermentation fractions and degradability
of a forage-based diet. Low- and high-dose lovastatin decreased the RFF (p < 0.05) in
cows and no significant differences were observed in sheep and goats. Overall, lovastatin
treatments did not significantly affect the MFF and TFF from the diet of sheep, goat, and
cow inocula. However, compared with the control, the SFF was slightly increased in sheep
with low and high doses (p < 0.05), while it decreased in goats only with a low dose by 19%
(p < 0.05). These fractions are related to the rumen fermentation of dietary monosaccharides
(RFF and MFF) and polysaccharides (SFF) [46]. Therefore, we speculated that lovastatin
did not reduce the activity of the rumen microorganisms involved in the fermentation of
monosaccharides but had an unknown effect on the polysaccharide-fermenting microbes
in goats [47].

As for batch trials, variability in the degradation of feeds is mainly attributed to the
inoculum donor animal, concentrate composition, and type of forage [48]. Previous studies
have reported that lovastatin had no effect on the in vitro DM degradation [17,49,50]. It
is worth mentioning that those studies evaluated diets with forage to concentrate ratio
of 50:50 as a substrate. It was also reported that lovastatin has no adverse effects on
selected cellulolytic and fibrinolytic bacteria [51,52]. However, when a high-forage diet
was used, we detected for all inoculum sources that the low- and/or high-dose lovastatin
decreased the in vitro NDF degradation compared to the control (p < 0.05). The present
research has demonstrated that the methanogenesis inhibition by lovastatin is related to a
decrease in fiber degradation. Recent evidence suggests that in vitro gaseous H2 increases
when the flow of H2 to CH4 is stopped by lovastatin [16,49]. Based on those findings, we
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hypothesized that fiber-degrading microbes were affected in response to accumulative
metabolic hydrogen in the rumen fluid.

Table 3. Fermentation fractions and degradability of a forage-based diet added with lovastatin using
three sources of rumen inoculum.

Item
Sheep Goats Cows

SEM
p Values

Con L H Con L H Con L H I D I × D

RFF (mg/g) 123.1 ab 124.9 ab 110.2 a 187.32 b 197.8 bc 197.9 bc 214.0 c 198.49 bc 195.01 bc 38 0.0004 0.917 0.955
MFF (mg/g) 200.5 186.9 165.84 184.74 183.36 175.81 199.93 193.10 179.74 22 0.666 0.153 0.915
SFF (mg/g) 243.3 ab 268.1 a 275.4 a 212.9 ab 171.16 b 199.8 ab 199.4 ab 211.45 ab 213.15 ab 29 0.0003 0.615 0.392
TFF (mg/g) 567.98 579.16 551.20 585.02 552.40 573.54 613.39 602.92 588.71 58 0.382 0.817 0.948

IVNFD (g/kg) 541 a 433 bc 477 bc 483 abc 420 bc 403 c 548 a 499 ab 410 c 24 0.005 0.001 0.020

a–c Means in the same row with different superscripts differ (p < 0.05). SEM, standard error of the mean; Con,
control; L, low (80 mg lovastatin/L); H, high (160 mg lovastatin/L); I, inoculum; D, dose of lovastatin; I × D,
inoculum × dose of lovastatin; RFF, rapid fermentable fraction; MFF, medium fermentable fraction, SFF, slow
fermentable fraction; TFF, total fermentation fraction; IVNFDD, in vitro neutral detergent fiber degradation.

3.3. Fermentation Characteristics

The total VFA production was higher for goat inoculum than for sheep and cows
(p = 0.0134), but there was no effect for the dose of lovastatin (p = 0.1499; Table 4). The
VFA production, kinetics of GP (Table 2), and fermentable fractions of the feed (Table 3)
are associated with each other [53]. The lack of differences in these variables indicated that
lovastatin did not considerably alter the fermentative pathways relating to carbohydrate
utilization in the rumen ecosystem. In contrast to our study, it is reported that statins
reduced the total VFA production [54,55]. Yet, in both studies, statins were obtained via
solid-state fermentation by filamentous fungi. This bioprocess commonly generates post-
fermented agricultural residues, which are used without pre-treatment as lovastatin carriers
for rumen methane mitigation [16,54,55]. It is important to note that during this bioprocess,
many organic compounds and secondary metabolites are produced [56]. As a result, the
anti-methanogenic effect of the post-fermented agricultural residues as lovastatin carriers
can easily be confused.

Table 4. Volatile fatty acid production and ammonia nitrogen concentration of a forage-based diet
added with lovastatin using three sources of rumen inoculum.

Item
Sheep Goats Cows

SEM
p Values

Con L H Con L H Con L H I D I × D

VFA production
(mmol/24 h)

Total VFA 3.3 b 5.2 bc 5.8 bc 8.8 ab 4.9 b 9.4 ab 2.8 c 3.9 bc 3.7 bc 0.83 0.0134 0.1499 0.2030
Acetate 2.1 ab 3.3 ab 3.8 ab 6.8 ab 3.4 ab 7.1 a 1.8 b 2.7 ab 2.5 ab 1.34 0.0079 0.1477 0.1472

Propionate 0.79 1.6 1.8 1.2 1.1 2.5 0.67 0.87 0.82 0.89 0.1922 0.1863 0.5485
Butyrate 0.43 0.20 0.19 0.63 0.52 0.37 0.15 0.25 0.26 0.14 0.0725 0.5498 0.5148

Isovalerate ND ND ND 0.10 0.15 0.09 0.03 0.04 0.01 0.04 0.1445 0.3354 0.8795
Valerate 0.03 b 0.05 b 0.02 b 0.06 b 0.34 a 0.10 b 0.03 b 0.04 b 0.00 b 0.024 0.0033 0.0050 0.0171

A/P 2.6 2.1 2.2 5.5 3.0 2.9 2.7 3.6 3.2 1.34 0.3651 0.6845 0.6858
NH3-N (mg/dL) 1.1 ab 0.6 b 0.6 b 2.2 a 0.9 ab 1.3 ab 0.3 b 0.6 b 0.7 ab 0.47 0.003 0.1541 0.1986

a–c Means in the same row with different lowercase letters showed a significant effect of inoculum (I), dose of
lovastatin (D), and the interaction effect I × D (p < 0.05). SEM, standard error of the mean; Con, control; L, Low
(80 mg lovastatin/L); H, high (160 mg lovastatin/L); VFA, volatile fatty acid; A/P, acetate/propionate ratio; ND,
not detected.

The acetate production was increased by low- and high-dose lovastatin using in-
oculum from cows compared with the control (p < 0.05). This indicated that reductive
acetogenesis could be a H2 sink when in vitro methane production was partially inhib-
ited [57]. Although some studies have reported that a decrease in acetate proportion is
associated with methane mitigation by lovastatin [15,17], our results are consistent with [49]
where lovastatin inhibited the production of methane while increasing acetate proportion
compared with the control (p < 0.05) using the Rusitec system. When the low-dose lovas-
tatin was added to the culture medium with goat inoculum, the valerate production was
increased compared to the control (p < 0.05), and no statistical differences were observed
with other treatments. Production of valerate involves the consumption of electrons during
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the fermentation of feeds and decreases the total amount of molecular hydrogen, which
could reduce methanogenesis [58] and explain the higher production of valerate in the
goat inoculum treated with lovastatin. In the present study, propionate, butyrate, and
isovalerate metabolites, as well as the acetate/propionate ratio, remain unaffected by the
lovastatin addition for all inoculum sources. Accordingly, rumen metabolic hydrogen was
not redirected to enhance these metabolites when lovastatin inhibited methanogenesis [20].

As far as NH3-N concentration is concerned, significantly lower concentrations were
detected in the low- and high-dose lovastatin compared with the control (p < 0.05) in the
rumen inoculum of sheep and goats. However, NH3-N concentration was increased with
inocula from cows (p < 0.05) using only high-dose lovastatin. Overall, our results concur
with those of [49], who indicated that lovastatin (150 mg/L) reduced NH3-N concentration
(p < 0.05) in the methanogenesis-inhibited conditions using rumen inoculum from cows.
Newbold et al. [59] performed a meta-analysis to assess the role of ciliate protozoa in
the rumen ecosystem. They noted a consistent correlation between the rumen protozoa
elimination and the reduction of NH3-N concentration, which is supported by extensive
in vitro trials [60]. In this context, fluvastatin, simvastatin, and atorvastatin were effective
statins against Trypanosoma cruzi and Acanthamoeba strains due to the inhibition of the
mevalonate pathway, a precursor of ergosterol in some membranes of protozoa [61,62].
Therefore, it is speculated that lovastatin inhibits certain rumen protozoa, which could
explain the reduction of the NH3-N concentration in this work. Unfortunately, there is no
report about the role of lovastatin on rumen protozoa.

4. Conclusions

This study provides the first assessment of lovastatin as an anti-methanogenic additive
to identify if the ruminant livestock type (inoculum) influences the mitigation of rumen
methane production and feed degradability. Lovastatin did not affect the GP kinetics and
fermentable fractions of a forage-based diet. The anti-methanogenic property of lovastatin
was variable depending on dose and inoculum source but was remarkable in sheep. In
this context, the recommended lovastatin dosages for small ruminants and cows were
160 and 80 mg/L, respectively. The total VFA production was unaffected by the dose of
lovastatin, but slight changes in acetate and valerate proportions were registered. Overall,
lovastatin reduced the NH3-N concentration and in vitro NDF degradation. The findings
of this research should be considered for further research, especially to examine the in vivo
effect of lovastatin on rumen methanogenesis, protozoa, and fiber degradability in sheep.
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