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Abstract: Nutritional strategies that optimize the use of forage resources have received attention,
including practices that favor ruminal degradability and microbial activity. Natural additives rich
in phytochemicals have been shown to modulate the microbiota and fermentative processes,
representing promising alternatives in ruminant nutrition. This study aimed to evaluate the effects of
the ethanolic extract of Spondias purpurea L. leaves on in vitro ruminal fermentation. The research
used a completely randomized design with three treatments: control, monensin, and plant extract.
Gas production kinetics, dry matter degradability, and pH values were evaluated at different incubation
times. The extract contains alkaloids, flavonoids, tannins, saponins, and terpenes, suggesting potential
for modulating the ruminal microbiota. The results show that the extract increases gas production and
dry matter degradability. A reduction in microbial colonization time and maintenance of pH within
the appropriate range for fermentation were observed. Although the fermentation growth rate is
lower than in the control, the cumulative gas production is higher with the extract, indicating greater
fermentation. Monensin, in turn, reduces the fermentation rate and gas volume. It is concluded that
the Spondias purpurea L. extract modulates ruminal fermentation in vitro, representing a promising
alternative. It is recommended to evaluate different concentrations and their effects on short-chain
fatty acids, methane production, ammoniacal nitrogen, and the degradability of fiber and non-fibrous
carbohydrates, as well as conducting in vivo experiments.

Keywords: natural additives; microbial metabolism; ruminal modulation; ruminants.

Resumo: Estratégias nutricionais que otimizam o uso de recursos forrageiros tém recebido destaque,
incluindo praticas que favorecem a degradabilidade ruminal e a atividade microbiana. Aditivos
naturais ricos em fitoquimicos demonstram ser capazes de modular a microbiota e os processos
fermentativos, configurando alternativas promissoras na nutricdo de ruminantes. O estudo teve por
objetivo avaliar os efeitos do extrato etandlico das folhas de Spondias purpurea L. sobre a fermentagéo
ruminal in vitro. A pesquisa utiliza delineamento inteiramente casualizado com trés tratamentos:
controle, monensina e extrato vegetal. A cinética de produgéo de gas, a degradabilidade da matéria
seca e os valores de pH s&o avaliados em diferentes tempos de incubagéo. O extrato apresenta
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alcaloides, flavonoides, taninos, saponinas e terpenos, sugerindo potencial modulador da microbiota
ruminal. Os resultados evidenciam que o extrato aumenta a producéo de gases e a degradabilidade
da matéria seca. Observa redugdo no tempo de colonizagdo microbiana e manutencao do pH
dentro da faixa adequada para fermentacdo. Embora a taxa de crescimento da fermentacéo seja
inferior a do controle, a produgéo acumulada de gas é maior com o extrato, indicando uma maior
fermentacdo. A monensina, por sua vez, reduz a taxa de fermentagéo e o volume de gases. Conclui-
se que o extrato de Spondias purpurea L. modula a fermentagdo ruminal in vitro, representando
uma alternativa promissora. Recomenda-se avaliar diferentes concentracdes e os seus efeitos sobre
acidos graxos de cadeia curta, producao de metano, nitrogénio amoniacal e degradabilidade da fibra
e dos carboidratos nao fibrosos, bem como a conducgéo de experimentos in vivo.

Palavras-chave: aditivos naturais; metabolismo microbiano; modulagdo ruminal; ruminantes.

1. Introduction

Ruminants play a strategic role in global food security and sustainability of agricultural
systems due to their ability to convert plant biomass into animal protein of high biological value (.
In addition, these animals efficiently utilize resources often considered waste or agro-industrial by-
products, promoting their valorization as products such as meat and milk . Although forages form
the basis of ruminant diets, many forage resources present important limitations, mainly because
of pronounced seasonal variation in nutritional composition and biomass production. These factors
compromise animal performance and feeding efficiency. During periods of reduced forage quality,
lower concentrations of soluble carbohydrates, limited availability of nitrogenous compounds, and
increased lignin content are commonly observed, conditions that restrict substrate degradation
and impair ruminal fermentation ®.

Consequently, diets characterized by low nutritional quality increase methane production
in the rumen, resulting in substantial losses of metabolizable energy and nutrients that could
otherwise support animal productivity . Enhanced methanogenesis is primarily associated with
greater hydrogen release during degradation of fibrous fraction, which serves as a substrate
for methanogenic archaea. Moreover, this fermentative pattern favors acetate production at
the expense of propionate, reducing hydrogen sequestration and further intensifying methane
emissions ©),

The use of feed additives, particularly ionophore antibiotics, has proven effective in
improving energy efficiency, reducing excessive protein degradation, and stabilizing ruminal pH ©.
However, prolonged, and indiscriminate use of these compounds has contributed to development
of antimicrobial resistance, raising public health concerns (" and leading to their prohibition as feed
additives in the European Union @, In this context, nutritional strategies that enhance efficient use
of widely available forage resources with inherent nutritional limitations have become increasingly
important. Among these strategies, proper grazing management stands out for maximizing
forage quality and reducing losses associated with senescence ©). Additional approaches include
practices that improve ruminal digestibility, such as harvesting forages at earlier vegetative stages,
adjusting supply of physically effective fiber 19, and providing protein—energy supplementation,
which stimulates intake, microbial activity, and fiber degradation ('"). Furthermore, inclusion of
alternative ingredients, particularly natural additives, represents a strategy aimed at modulating
ruminal microbiota and fermentative pathways (2. Plants rich in phytochemicals and their extracts
have emerged as promising alternatives to conventional additives, offering a more sustainable
approach consistent with current ruminant nutrition strategies (1.
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S. purpurea L., popularly known as seriguela, is a species native to Central America
and widely distributed throughout northeastern Brazil. Traditionally used in folk medicine, this
plant exhibits antimicrobial, antioxidant, antidiarrheal, and gastroprotective properties (4. Studies
involving other species of the genus S indicate that animal responses vary according to plant
part used and inclusion level. Qualitative phytochemical screening of S. mombin leaves revealed
presence of bioactive compounds such as tannins, flavonoids, saponins, alkaloids, and phenolic
compounds (19,

Residues from S. tuberosa pulp have been associated with increased fiber intake and
rumination time, although reductions in dry matter digestibility were reported (*®). Inclusion levels
equal to or greater than 50 % of S. mombin associated with cassava flour increased intake and
weight gain in sheep without impairing digestibility '". Despite these findings, studies evaluating
S. purpurea L. and its application in ruminant nutrition remain limited.

Therefore, this study aimed to investigate effects of ethanolic extract from S. purpurea L.
leaves on gas production kinetics, dry matter degradability, and ruminal pH under in vitro ruminal

fermentation conditions.

2. Material and methods

The experiment was conducted at the Animal Nutrition Laboratory of the State University of
Southwest Bahia (UESB), Vitéria da Conquista campus, Bahia, Brazil. All experimental procedures
were approved by the Ethics Committee on the Use of Animals of the State University of Southwest
Bahia (CEUA-UESB) under protocol no. 245/2024.

Leaves of seriguela (S. purpurea L.) were collected, taxonomically identified, and deposited
in the herbarium of State University of Southwest Bahia. Immediately after harvesting, the plant
material was transported to the laboratory, dried in a forced-air oven at approximately 40 °C, and
subsequently macerated using a pestle to obtain the dried plant material used for extraction.

For extract preparation, a 100-g sample of dried leaves was exhaustively extracted with
ethanol (99.9 %) in successive 72-h cycles. After each extraction cycle, the material was filtered
through filter paper, and the solvent was removed under reduced pressure using a rotary evaporator.
The concentrated extract was then subjected to qualitative phytochemical screening to detect
alkaloids, flavonoids, tannins, saponins, and terpenoids, following established methodologies (819,

Alkaloids were identified using the Dragendorff test. Briefly, 2 ml of ethanolic extract
and 0.2 ml of diluted hydrochloric acid were placed in a test tube, followed by addition of 1 ml
of Dragendorff’'s reagent. Formation of a brownish-orange precipitate indicated presence of
alkaloids. Flavonoids were detected by adding a few drops of concentrated hydrochloric acid to
a small volume of the extract solution; immediate development of a red coloration confirmed their
presence. Tannins were identified using the ferric chloride test. The extract (0.5 g) was dissolved
in 5—-10 ml of distilled water and filtered, after which a few drops of 5 % ferric chloride solution
were added. Formation of a dark green precipitate indicated presence of tannins. Saponins were
detected by diluting 1 ml of the extract in 20 ml of distilled water and shaking the solution in a
graduated cylinder for 15 min. Formation of a stable foam layer of approximately 1 cm indicated
presence of saponins. Terpenoids were detected using the Salkowski test, in which 5 ml of extract
was mixed with 2 ml of chloroform, followed by careful addition of 3 ml of concentrated sulfuric acid
to form a separate layer. Development of a reddish-brown coloration at the interface indicated a
positive result for terpenoids (18:19),
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The ingredients used to formulate the incubated diet included Tifton 85 hay, ground corn,
and soybean meal. All ingredients were ground in a Wiley-type knife mill fitted with a 1.0-mm
sieve. Chemical composition of feedstuffs and the experimental diet is presented in Table 1. Dry
matter (DM), crude protein (CP), mineral matter (MM), ether extract (EE), acid detergent fiber
(ADF), and hemicellulose (HEM) contents were determined according to AOAC procedures 9,
Neutral detergent fiber (NDF) was determined following the methodology described by Mertens
et al. @), Total carbohydrates (TC) were estimated using the equation proposed by Sniffen et al.
@2 TC = 100 - (%CP + %EE + %MM), and non-fibrous carbohydrates (NFC) were calculated
according to Van Soest et al. @¥: NFC = 100 - (%CP + %EE + %MM + %NDF).

Table 1. Chemical composition of ingredients and experimental diet
Chemical composition (g/kg DM)

Ingredient DM’ MM? CP® EE* NDF® ADF® HEM’ TC& NFC?®
Tifton hay 8954 66.7 594 142 848.1 4982 3499 859.7 11.6
Ground corn 875.6 9.2 771 381 1575 254 1321 8756 718.2
Soybean meal 885.8 653 487.0 9.6 2259 49.7 176.2 438.2 2123

Experimental diet 8835 382 1618 312 3336 1374 196.3 768.8 435.1
Proportion of ingredients in the experimental diet (g/kg DM)

Tifton hay Ground corn Soybean meal
Experimental diet 308.0 492.0 200.0

'Dry matter, 2Mineral matter, *Crude protein, “Ether extract, SNeutral Detergent Fiber, 6Acid Detergent Fiber,
"Hemicellulose, ®Total carbohydrates, °Non-fibrous carbohydrates.

Ruminal fluid used as the inoculum for gas production assays was obtained from two rumen-
cannulated Holstein crossbred cows (650 + 50 kg live weight). Animals had free access to water
and were fed, for 15 days before the experiment, a diet based on elephant grass supplemented
daily with a concentrate composed of ground corn, soybean meal, and a mineral supplement.

Ruminal fluid was collected from different rumen compartments, filtered through gauze, and
stored in prewarmed thermos bottles at 39 °C before transport to the laboratory. Fluid collected
from both donor animals was pooled in equal proportions and continuously flushed with CO, to
maintain anaerobic conditions.

The incubation medium was prepared according to Theodorou et al. Y. The medium
consisted of 500 ml of distilled water, 200 ml of buffer solution, 200 ml of macromineral solution,
60 ml of reducing agent, and 0.1 ml of micromineral solution, with resazurin included as a redox
indicator in the reducing solution. The mixture was gently stirred and saturated with CO, until a pH
of 6.8—6.9 was achieved, indicated by a pink coloration.

Ingredients of the experimental diet were ground to a particle size of 1 mm and weighed
separately into nylon bags (5 x 10 cm) with a pore size of 50 ym, at a rate of 1 g of substrate
per bag. Bags were placed in 160-ml glass flasks. A completely randomized design (CRD) was
adopted with three treatments: ethanolic extract of S. purpurea L., sodium monensin included at 5
MM @®and a control without additives. Because the extract exhibited high viscosity, it was diluted
in dimethyl sulfoxide (DMSO). Each flask received 87 ml of incubation medium, 3 ml of pure
DMSO for the control and monensin treatments, or 3 ml of S. purpurea L. ethanolic extract diluted
to 8 % in DMSO, resulting in a final volume of 90 ml per flask.
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In the laboratory, flasks were inoculated using a buffer medium to ruminal fluid ratio of
9:1 (v: v), corresponding to 10 ml of ruminal fluid per flask. Flasks were flushed with CO,, sealed
with expandable rubber stoppers, and contained the substrate before inoculation. After inoculum
injection, the needle was maintained in the stopper for a few seconds to release excess gas and
ensure zero internal pressure. Flasks were then gently shaken and incubated in a forced-air oven
at 39 °C, marking time zero. Treatments were conducted in triplicate. Additionally, three flasks
containing only ruminal fluid and incubation medium were included as blanks.

Gas production kinetics were evaluated using the semi-automated gas production technique
described by Mauricio et al. ?® and modified by Menezes et al. ?". Headspace pressure was
measured using a pressure transducer (Type T443A, Bailey and Mackey, England) connected to
a digital pressure indicator. Measurements were taken by inserting a 21G x 1" (0.80 x 25 mm)
needle through the flask stopper. Pressure readings, expressed in pounds per square inch (psi),
were recorded during the fermentation period at 2, 4, 6, 8, 10, 12, 16, 20, 24, 48, and 72 h of
incubation.

Pressure data were converted to gas volume using the equation proposed by Figueiredo
et al. @, adjusted for local altitude:

V =-0.02 + 4.30p +0.07 p%, R*=0.99
Wherein: “V” is the volume (ml) and “p” is the gas pressure in fermentation flasks (psi).
Kinetics of cumulative gas production were evaluated using the Gompertz model:
Y=A*exp(-B*exp(-k*tempo)),

Wherein: Y = cumulative gas production (ml/g); A= maximum gas production (ml); B= lag
time before onset of exponential gas production (h); K= specific gas production rate (ml/h) at time
(h) @,

At the end of each predetermined fermentation period (2, 6, 12, 24, 48, and 72 h), flasks
were removed from the incubator, and medium pH was immediately measured. Apparent dry
matter degradability of the substrate was determined by removing nylon bags @ at the same
incubation times. After removal, flasks were immediately refrigerated to halt microbial activity.
Nylon bags were then washed under running water, dried for 12 h in a forced-air oven at 55 °C,
followed by an additional 2 h at 105 °C, and subsequently weighed. Dry matter degradability was
calculated as the difference between bag weight containing the sample before incubation and
weight after incubation.

Model parameters were estimated using SAS statistical software ©% through the nonlinear
regression procedure (PROC NLIN). Data were subjected to analysis of variance (ANOVA) using
the general linear model procedure (PROC GLM) of SAS. Treatment means were compared using
Tukey’s test at a 5 % significance level.

3. Results and discussion

The crude extract obtained from purple mombin leaves (S. purpurea L.) contained alkaloids,
flavonoids, tannins, saponins, and terpenes, as identified in the present study. Similar findings
were reported by Marisco et al. @Y, who evaluated different solvents for extraction of bioactive
compounds from S. purpurea L. leaves. Those authors observed that the ethanolic extract exhibited
greater phytochemical diversity than extracts obtained using chloroform, chloroform—methanol,
and ethyl acetate, in which some compounds were absent.
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Similar bioactive profiles reported in extracts from other plant species highlight the critical
role of extraction methods in shaping final chemical composition. Oliveira et al. ¢ analyzed an
aqueous extract of Moringa oleifera leaves and identified saponins, flavonoids, tannins, alkaloids,
and total phenols. Similarly, Baihaqi et al. ®3 reported that aqueous extracts of Carica pubescens
seeds contained tannins, flavonoids, alkaloids, saponins, and steroids, besides demonstrating
wide distribution of these compounds across diverse plant species.

Efficiency of bioactive compound extraction is influenced by several factors, including
solvent polarity, particle size, temperature, extraction time, and extraction technique ©4. These
variables affect not only yield but also diversity of phytochemicals recovered. Such compounds
play essential roles in plant defense and exhibit diverse biological activities that can directly affect
microbial populations %),

Chemical complexity of plant extracts, characterized by presence of multiple bioactive
compounds, highlights their potential as sources of functional molecules ©. These compounds
may interact with ruminal microorganisms, altering metabolic pathways and influencing efficiency
of nutrient utilization in ruminant animals.

Table 2 presents parameter estimates of the Gompertz model for in vitro gas production,
including maximum gas production potential (A), colonization time (B), and specific gas production

rate (K) after 72 h of incubation.

Table 2. Estimated in vitro gas production parameters for control, extract, and monensin treatments.
Parameter Treatment

Control Extract Monensin p-value SEM
A 126.59b 161.26a 126.76b < 0.0001 2.81
B 4.12a 3.81b 3.43b 0.0325 0.098
K 0.076a 0.067b 0.061c < 0.0001 0.001

A — Maximum gas production potential, in ml/g DM; B - Colonization lag time, in hours (h); K — Specific gas
production rate, in hours. Values within the same row followed by different letters differ significantly among
treatments according to Tukey’s test (p < 0.05). The p-value indicates level of statistical significance, and

SEM represents standard error of the mean.

Maximum gas production potential (A) differed significantly among treatments (p < 0.0001).
The extract treatment showed a higher value (161.26 mL g™ DM) than both monensin (126.76
mL g™' DM) and the control (126.59 mL g~ DM). The enhanced response observed with the
extract may be associated with presence of alkaloids, flavonoids, tannins, saponins, and terpenes
identified in the crude extract of S. purpurea L. leaves.

Monensin maintained a gas production potential similar to that of the control, indicating
inhibition of fermentative activity. Russell and Strobel " described the ability of monensin to
inhibit hydrogen-producing Gram-positive bacteria, thereby reducing gas accumulation without
impairing digestion. Plant-derived metabolites can selectively modulate ruminal microbiota,
favoring fermentative efficiency ®®. The use of plant extracts may increase total gas production
through enhanced fermentation or reduce gas output, particularly methane, via modulation of
methanogenic microorganisms 940,

Inthe rumen, alkaloids exhibit activity against specific microbial groups, reducing populations
of methanogenic protozoa and archaea and directly influencing fermentative processes. Lower
availability of hydrogen for methanogenesis redirects metabolic flux toward propionate production,
a more energetically efficient volatile fatty acid, thereby reducing methane emissions “".
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Flavonoids exert antimicrobial activity through multiple mechanisms, including disruption
of the cytoplasmic membrane, inhibition of nucleic acid synthesis and energy metabolism,
and interference with cell wall integrity “? ¥, These compounds interact with nucleophilic sites
in peptidoglycan, rendering Gram-positive bacteria more susceptible because of the higher
proportion of this component in their cell walls “¥. As a result, flavonoids reduce populations
of Gram-positive bacteria while favoring propionate-producing Gram-negative bacteria, thereby
promoting beneficial shifts in ruminal fermentation ©% 46,

Tannins can modulate the ruminal ecosystem by reducing populations of protozoa and
methanogenic archaea, contributing to lower ammonia and methane production and a reduced
acetate-to-propionate ratio “”. Their antimicrobial activity occurs through several mechanisms,
including inhibition of bacterial and fungal enzymes, formation of complexes with enzyme
substrates, and interaction with cell membranes, leading to metabolic disruption “8).

Suppression of cellulolytic bacteria reduces fiber degradation and acetate formation,
thereby decreasing hydrogen availability for methanogenesis “% %9, In addition, tannins exhibit
affinity for structural carbohydrates due to their phenolic hydroxyl groups, forming complexes
that limit substrate accessibility to microbial fermentation . These compounds also form stable
complexes with dietary proteins in the rumen, increasing the fraction of protein that escapes
ruminal degradation and becomes available for intestinal digestion ©2).

Saponins act in the rumen by forming complexes with sterols in protozoal cell membranes,
increasing membrane permeability, and leading to cell rupture and lysis. This process, known
as defaunation, refers to reduction or elimination of the ruminal protozoan population. However,
defaunation effects may be transient, as saponins can be metabolized by ruminal microorganisms
into sapogenins, which are biologically inactive ¢,

Reduction of ruminal protozoa enhances bacterial protein synthesis and slows down
ruminal protein turnover, resulting in greater flow of bacterial nitrogen to the duodenum. This
reduction also influences methane production, as many methanogenic archaea exist in symbiotic
association with protozoa and rely on hydrogen released during protozoal metabolism to sustain
methanogenesis. Consequently, defaunation reduces hydrogen availability, limiting methanogenic
activity ¢4,

Essential oils consist primarily of isoprene derivatives, including monoterpenes and
sesquiterpenes, as well as low-molecular-weight aromatic compounds ©°. Terpenoids comprise
monoterpenes (C10), sesquiterpenes (C15), and, to a lesser extent, diterpenes (C20) ©557, Their
bioactive constituents destabilize membranes of protozoa and Gram-positive bacteria through
mechanisms similar to those of ionophores ©®. Owing to their hydrophobic nature, terpenoid
cyclic hydrocarbons accumulate within bacterial lipid bilayers, disrupting membrane integrity and
increasing permeability. This disruption promotes ion translocation and collapse of ionic gradients,
increasing cellular energy expenditure and potentially leading to cell death when metabolism is
redirected to restore ionic balance ©9),

A primary mechanism involves inhibition of bacterial adhesion to feed particles, which
reduces amino acid deamination and ruminal ammoniacal nitrogen (N-NH3) production. Associated
reductions in ruminal pH further modify the fermentative profile, as more acidic conditions suppress
fibrolytic bacteria and favor amylolytic populations, resulting in increased propionate production ¢,

Colonization lag time (B) also differed among treatments (P = 0.0325). Monensin (3.43
h) and the plant extract (3.81 h) reduced colonization time relative to the control (4.12 h),
corresponding to reductions of 16.74 % and 7.52 %, respectively. These results indicate that
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both additives accelerated onset of fermentation. According to Oliveira et al. ®", colonization
time reflects the interval between microbial adhesion to feed particles and initiation of effective
substrate degradation, constituting a key determinant of microbial growth dynamics. Thus, shorter
colonization time indicates more rapid microbial attachment and earlier access to fermentable
substrates by overcoming structural barriers of the feed matrix ©2),

Specific gas production rate (K), which reflects fermentation intensity after the initial phase,
differed significantly among treatments (P < 0.0001). The control exhibited the highest rate (0.076
h™), followed by the plant extract (0.067 h™"), whereas monensin showed the lowest rate (0.061
h™"). These results suggest that although monensin accelerated onset of fermentation (lag time =
3.43 h), it subsequently moderated fermentative activity, leading to reduced gas production over
time.

Despite exhibiting the longest colonization time (4.12 h), the control treatment showed
more rapid and intense fermentation. Extended colonization may reflect lower selective pressure
on microbial populations, allowing establishment of more diverse communities before peak
fermentation ©®. The plant extract produced an intermediate response, characterized by reduced
colonization time (3.81 h) and moderate growth rate, suggesting selective effects of its bioactive
compounds on ruminal microorganisms.

Cumulative gas production increased over time in all treatments (Figure 1), with the extract
showing the highest total gas volume after 72 h of incubation. Elevated gas production likely
reflects increased organic matter digestibility, given the strong correlation between gas volume
and degradability of incubated substrates 4.
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Figure 1. Cumulative gas production (ml) over 72 h of in vitro fermentation for extract, monensin, and
control treatments.

In contrast, monensin significantly reduced gas production, indicating greater regulation of
microbial activity, which likely limited cumulative gas production over time. The control treatment
exhibited intermediate values, reflecting baseline fermentation of the substrate in the absence of
additives. As shown in Table 3, no significant differences in dry matter (DM) degradability were
observed among treatments at incubation times of 2 h (P = 0.3115), 6 h (P = 0.5091), 12 h (P =
0.9470), and 48 h (P = 0.4576). At 24 h (P = 0.0239), the extract treatment showed greater DM
degradability (452.75 g kg™ DM) than both the control (415.41 g kg™ DM) and monensin (418.30
g kg™ DM). At 72 h (P = 0.0402), DM degradability with the extract (569.31 g kg™' DM) did not
differ from monensin (563.83 g kg™* DM) but remained higher than that of the control (528.39 g
kg™ DM).
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Table 3. Apparent dry matter degradability (g kg~* DM) over incubation time for control, extract, and monensin
treatments.

Incubation time Treatment
(hours) In vitro DM degradability (%)

Control Extract Monensin p-value SEM
2 311.72 317.97 295.22 0.3115 5.11
6 336.14 353.59 348.19 0.5091 5.58
12 381.64 380.28 379.78 0.9470 2.36
24 415.41b 452.75a 418.30b 0.0239 2.94
48 477.64 490.03 490.23 0.4576 4.35
72 528.39b 569.31a 563.83ab 0.0402 3.81

Values within the same row followed by different letters differ significantly among treatments according to
Tukey’s test (p < 0.05). P-value indicates level of statistical significance, and SEM represents standard error

of the mean.

Results indicate that the extract significantly influenced ruminal fermentation and dry
matter (DM) degradability, exhibiting a distinct response compared with monensin and the control.
Increased gas production was accompanied by greater DM degradability, particularly at 24 and 72
h of incubation (Figure 2). This response suggests that the effect of the extract persisted throughout
the fermentation period. Alvarado-Ramirez et al. ® reported that enhanced gas production may
be associated with greater availability of fermentable substrates promoted by plant extracts.

In vitro DM degradability increased linearly over incubation time in all treatments. Lack of
differences among treatments at early incubation times (2, 6, and 12 h) indicates that effects of
additives became more evident during the medium and long term of fermentation.

Diets or substrates with greater fermentative potential may reduce time required for
degradability, as increased availability of readily fermentable compounds favors early microbial
colonization and accelerates DM degradation rates. Mertens ¢” emphasized that feed fermentability
and microbial colonization rate directly determine ruminal fermentation dynamics. Higher initial
production of volatile fatty acids in rapidly fermentable substrates intensifies ruminal degradation
during early incubation stages ©®. However, despite faster initial fermentation, total degradability
ultimately depends on maintenance of ruminal pH, as excessively acidic conditions impair fibrolytic

bacterial activity and can limit degradation of the fibrous fraction over time.
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Figure 2. Dry matter degradability (g kg™ DM) throughout fermentation time (72 h) for control, extract, and
monensin treatments.

Abd’'Quadri-Abojukoroum et al. 8 evaluated ethanolic leaf extracts over 48 h of incubation
and reported that lemon (Citrus limon) extract exhibited the highest gas production (140 mL g™*
DM) and dry matter degradability (385 g kg™' DM), values that did not differ from the control (104
mL g™' DM and 382 g kg™' DM). In contrast, monensin markedly reduced gas production and
degradability (66 mL g™' DM and 327 g kg™' DM).

In the present study, treatments did not affect ruminal pH; however, incubation time
significantly influenced mean values, which ranged from 6.59 to 7.06 (Table 4). Maintenance of
pH within this range is essential for sustaining efficient ruminal fermentation and microbial activity.
Absence of treatment effects indicates that neither the plant extract nor monensin disrupted

ruminal environmental balance, representing a favorable condition for nutrient digestibility.

Table 4. Ruminal pH values over the incubation period for control, extract, and monensin treatments

Incubation time (hours)

2 6 12 24 48 72 p-value SEM

Treatment pH

Control 7.04aA 6.82abA  6.82abA 6.73bA 6.64bA 6.64bA 0.0019  0.0545

Extract 7.06aA 6.80bA 6.78bcA 6.70bcA 6.54dA 6.64cdA <.0001 0.0329
Monensin 7.04aA  6.79bcA 6.85bA 6.70cdA 6.66deA 6.59eA <.0001 0.0229
P-valor
0.9792 0.2282 0.2941 0.4190 0.3021 0.4019

Values within the same row followed by different lowercase letters differ significantly among treatments
according to Tukey’s test (P < 0.05). Identical uppercase letters within the same column indicate no
significant difference among treatments at each incubation time according to Tukey’s test (P > 0.05). The
p-value indicates level of statistical significance, and SEM represents standard error of the mean.

Progressive pH reduction over incubation may indicate intensification of microbial
fermentation, increasing production of short-chain fatty acids (SCFAs) ©% 79, Baihaqi et al. %
reported pH values from 6.81 to 6.86 during in vitro incubation with aqueous Carica pubescens
extract, with no significant changes observed even at extract concentrations up to 5 %. Similarly,
Abd’Quadri-Abojukoroum et al. ©® observed that pH remained within the normal range of 6.0 to
7.0 after 16 and 48 h of incubation using Themeda triandra hay and 22 ethanolic plant extracts.
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Neutral detergent fiber (NDF) content of the experimental diet in the present study may
have contributed to maintenance of pH over time. Hassan et al. ™" emphasized that dietary fiber
plays a key role in modulating the ruminal environment and stabilizing pH in the rumen. /n vivo,
physically effective fiber stimulates chewing activity and salivary secretion, enhancing ruminal
pH buffering capacity. In contrast, in vitro systems lack salivary input and rely on buffer solutions
to partially simulate saliva function. Consequently, pH stability under in vitro conditions depends
primarily on buffer composition, substrate fermentation rate, and gradual accumulation of SCFAs.

Although mean pH decreased across all treatments, a more pronounced decline was
observed in the extract treatment, particularly at later incubation times. This response is consistent
with cumulative gas production and dry matter degradability results, indicating greater fermentative
activity in the presence of the extract. Despite this trend, pH values remained within the optimal

range for ruminal fermentation throughout the incubation period (Figure 3).

7,1

7,0 s+fl++ Extract === )Monensin === Control
6,9
E-@s i
6,7
6,6
o..o
6,5 1 1 1 1 1
2 6 12 24 48 72

Time (h)
Figure 3. Ruminal pH values over the fermentation period (72 hours) for control, extract, and monensin
treatments.

In contrast, the monensin treatment exhibited smaller pH variation over time, likely reflecting
its modulatory effect on ruminal microbiota. This monensin response has been described by
Thomas 2, who highlighted its ability to reduce organic acid production by specific microbial
populations, thereby stabilizing the ruminal environment. Monensin acts by disrupting ion transport
in Gram-positive bacteria, reducing lactic acid production, and promoting propionate formation 3.

Unlike monensin, plant extracts influence ruminal pH through multiple mechanisms.
Previous studies indicate that inclusion of plant extracts can increase pH by reducing lactic acid and
short-chain fatty acid (SCFA) concentrations, contributing to a more stable ruminal environment. In
the case of cinnamon extract, which is rich in phenols, tannins, and flavonoids, increased acetate-
to-propionate ratio, and higher gas and SCFA production have been reported, resulting in greater
pH variation during incubation 4,

Overall, these findings suggest that both monensin and plant extracts can modulate
ruminal fermentation without compromising pH stability. However, fermentative profiles differed
among treatments, indicating distinct modes of action. These interpretations should be considered
preliminary and warrant further investigation.
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4. Conclusion

The ethanolic extract of S. purpurea L. modulated ruminal fermentation under in vitro
conditions, increasing gas production and dry matter degradability. In addition, the extract reduced
microbial colonization lag time while maintaining pH within an appropriate range for ruminal
fermentation. These preliminary findings indicate potential of this extract as a natural modulator of
ruminal fermentation. Further studies should quantify bioactive compounds and evaluate different
inclusion levels, with emphasis on effects on short-chain fatty acid profiles, methane production,
ammoniacal nitrogen, fiber and non-fibrous carbohydrate degradability, as well as validation using
in vivo experiments.
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