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Abstract:

The use of phytobiotics has shown beneficial changes in animal production and health due
to the presence of secondary metabolites, some of which have vitamin C activity due to the
antioxidant function, important in ruminants. This research evaluated the effects of a
phytobiotic made with Phyllanthus emblica and Ocimum sanctum, which has shown vitamin
C activity, on ruminal fermentation and microbiota. Ten (10) male Hampshire x Suffolk
lambs were housed individually and randomly assigned to two groups: 0 or 15 g/kg of dry
matter of the herbal additive for 60 d. Ruminal fluid samples were collected to determine
volatile fatty acid concentrations by gas chromatography, and microbiota analysis was
performed through DNA extraction and 16S rRNA gene V3-V4 region sequencing. Alpha
diversity was analyzed using Chaol, Shannon, and Simpson’s reciprocal indices, while beta
diversity was evaluated by principal coordinate analysis. Data were analyzed using an
independent samples t-test and Pearson correlation. Supplementation decreased propionate
concentration by 19.38 % (P= 0.05), with a tendency to increase the acetate:propionate ratio
(P= 0.06), resulting in a 15.18 % increase in estimated methane concentration (P= 0.05),
which affected fermentation efficiency. Regarding the microbiota, a 14.35 % decrease in
Firmicutes (P= 0.06) and a 27.2 % increase in Bacteroidetes (P= 0.07) were observed. These
results suggest that the phytobiotic modulates ruminal microbiota and fermentation.

Keywords: Lambs, Bacteroidetes, Phytobiotic, Ocimum sanctum, Phyllanthus emblica.

Received: 02/01/2025

Accepted: 06/08/2025

Introduction

Ruminants have the capacity to synthesize vitamin C in liver and kidneys from glucose;
therefore, it is not considered an essential nutrient; however, illness or stressful situation may
reduce vitamin C levels®); and the ingredients commonly used for diets, such as hays, do not
contain large amounts of vitamin C@; and also, current supplementation forms are also
quickly degraded in the rumen®); therefore, alternatives have been sought to improve its
availability, such as some phytobiotics that contain vitamin C activity and other secondary
metabolites with antioxidant activity.
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Phyllanthus emblica has been reported to have a high ascorbic acid content, while its main
metabolites are gallic and ellagic acids; however, it also contains polyphenols, tannins, and
alkaloids®, some of the compounds have antimicrobial activity such as eugenol, thymol and
caryophyllene®.

The characterization of Ocimum sanctum reports that the metabolites present in this plant are
mainly alkaloids, flavonoids, terpenoids, tannins, saponins, and phenols such as eugenol®;
some of its compounds such as eugenol, ursolic acid, and caryophyllene have demonstrated
antimicrobial activity); however, the main metabolite is eugenol, which in addition to being
antibacterial, also showed antifungal, antiviral, and antioxidant properties®.

Previous research has reported that the addition of P. emblica and O. sanctum, in combination
with other plants in a rumen fluid fermentation showed an increase in acetate production and
a decrease in propionate and butyrate; leading in an increased acetate:propionate ratio®. In
another experiment, supplementation increased volatile fatty acids (VFA) and butyrate
production showing changes in microbiota®®. Supplementation with a phytobiotic made with
P. emblica and O. sanctum in fattening lambs improved carcass dressing and antioxidant
capacity of the meat®, and another research in twin-bearing ewes, supplementation increased
the body weight of the fetuses and suggested that this type of antioxidants can be a good
nutritional strategy for breeding ewes in adverse conditions“?. Supplementation in dairy
cattle reduced the incidence of mastitis and improved pregnancy rate?,

Therefore, the objective of this study was to evaluate changes in ruminal fermentation and
the ruminal microbiome in lambs fed with a feed plant additive based on Ocimum sanctum
and Phyllanthus emblica.

Material and methods

Experimental design and diet

Ten (10) male Hampshire x Suffolk lambs were housed in individual pens (1.00 x 1.80 m)
and assigned to a completely randomized design with two groups which consisted of dietary
inclusion of a herbal additive at 0 or 15 g/kg dry matter (1.5 %) (Power-C, Nuproxa Mexico,
Queretaro, Mexico and Indian Herbs Research & Supply Co. Ltd.) fed for 60 d (h=5
lambs/treatment) mixed into a basal ration for finishing lambs (Table 1). Dry matter intake
was adjusted weekly according to lamb intake. Herbal additive is made with Ocimum
sanctum and Phyllanthus emblica and contains 12 % hydrolysable tannins and 5.1 % gallic
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acid quantified by HPTLC in certified laboratories® and 20 compounds with nutraceutical
properties such as toluene, thymol, phenol, gamma-sitosterol, and other alcohols, aldehydes,

and phenols®?.

Table 1: Composition of the basal ration of finishing lambs

Ingredients %
Sorghum grain 54.44
Soybean meal 19.09
Alfalfa hay 10.00
Oat hay 10.00
Cane molasses 5.00
Mineral premix 1.00
Sodium chloride 0.30
Calcium carbonate 0.17
Chemical composition %
Dry matter 88.65
Ether extract 2.52
Crude protein 17.4
Ash 6.31
Neutral detergent fiber 41.1
Acid detergent fiber 25.9

Ruminal fluid samples

After 60 d of feeding the average body weight of all animals was 45.77 + 3.38 kg and ruminal
fluid samples were obtained by an esophageal probe in the pre-prandial state and filtered
through eight layers of gauze, this was separated in two samples, the first was separated into
1 mL aliquots, which were immediately placed on dry ice and stored in deep freezing (-80
°C) until analysis, for the second, 50 mL of ruminal fluid were used to measure the pH
immediately with a pH-meter (Hanna Hi 2002-02, Rhode Island, USA) to later get acidified
with metaphosphoric acid and frozen until VFA analysis.
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VFA analysis

VFA were determined by gas chromatography using a Clarus 580 GC (Perkin Elmer,
Waltham, MA, USA) with a HP-FFAP column 30 m x 0.25 mm, 0.25 um (Agilent
Technologies, Santa Clara, CA, USA), following the protocols described by Erwin et al®
and modified by Miranda et al®™. Molar proportions were calculated as the molar
concentration of each individual VFA divides by the total VFA concentration, with the result
multiplied by 100 to express it as a percentage. To estimate methane and carbon dioxide
production, stoichiometric equations proposed by Wolin®® and simplified by Van Soest®”
were applied. The following equations were used:

C0O2 = (Acetate + 2) + (Propionate + 4) + (1.5 x Butyrate)
CH4 = Acetate + (2 xbutyrate) — CO2

Ruminal fermentation efficiency was also estimated according to the methodology described
previously®.

Metagenomic analysis

Aliquots (250 pL) were taken from each sample, and metagenomic DNA extraction was
performed with the ZymoBIOMICS® kit (Cat. No. D4300; Irvine, CA, USA) following the
manufacturer's instructions. The quantification and quality of DNA obtained from the
extraction process were evaluated with a NanoDrop 1000® (Thermo Fisher Scientific,
Waltham, MA, USA); metagenomic DNA concentrations between 78.2 ng/uL and 129.8
ng/pL were obtained and 15 pL of each sample were sent to ZymoBiomics® (Zymo Research,
Irvine, CA, USA) to be processed and analyzed by the targeted 16S rRNA V3-V4 sequencing
service for microbiome analysis.

The bacterial 16S rRNA gene was sequenced using the Quick-16S™ NGS library preparation
kit (Zymo Research, Irvine, CA, USA). The V3-V4 region of this gene was amplified with
specific primers custom-designed by Zymo Research. The final pooled library was cleaned
with Select-a-Size DNA Clean & Concentrator™ (Zymo Research, Irvine, CA, USA), then
quantified with TapeStation® (Agilent Technologies, Santa Clara, CA, USA) and Qubit®
(Thermo Fisher Scientific, Waltham, MA, USA). As a positive control for each targeted
library preparation, the ZymoBIOMICS® microbial community DNA standard (Zymo
Research, Irvine, CA, USA) was used. Negative controls (i.e., extraction control blank and
library preparation control blank) were included to assess the level of bioburden inherent in
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the extraction process. The final library was sequenced on the Illumina® MiSeq™ platform
with a v3 reagent kit (600 cycles). Sequencing was done with a 10% PhiX peak. Unique
amplicon sequence variants were inferred from raw reads using DADA2 cleavage®®, which
also served to eliminate chimeric sequences. The taxonomy assignment was carried out using
Uclust from Qiime v.1.9.1%% with Zymo's own database.

Statistical analysis

Data were analyzed using a completely randomized design with two groups (0 or 15 g/kg dry
matter of the herbal additive). Alpha diversity and microbial richness were analyzed using
Chaol, Shannon, and Simpson’s reciprocal indices. Additionally, Pearson correlation was
also evaluated. Differences between groups were assessed using an independent samples t-
test, considering P<0.05 as statistically significant. All statistical analyses were performed
using the statistical analysis software SAS OnDemand for Academics®?.

For beta diversity a three-dimensional principal coordinate analysis (PCoA) plot was
generated® using the matrix of paired-wise distance between samples calculated by the
Bray-Curtis dissimilarity using unique amplicon sequence variants (ASV)@). Composition
alpha, and beta diversity visualization analyses were also performed with QIIME v.1.9.1.

Results

Rumen microbiota and fermentation pattern

Supplementation with the herbal additive decreased propionate concentration (P= 0.05),
showed a tendency to increase acetate:propionate ratio (P= 0.06) and a negative correlation
was detected between acetate and propionate concentration (r=-0.774, P<0.01); in regard to
relative abundance of phyla, Firmicutes decreased and Bacteroidetes showed a tendency to
increase (P= 0.07) also, a negative correlation was detected between both phyla (r=-0.904,
P<0.001). Estimated molar methane concentration was increased (P= 0.05). Although no
statistically significant difference was observed in total VFA, supplementation resulted in a
14.6 % increase (Table 2).
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Table 2: Effect of herbal additive on ruminal fermentation and VVFA concentration in lambs
C Powder® (g/kg DM)

SEM CV (%) P-value

0 15
DM intake, kg/d 1.599 1.592 0.066 9.66 0.94
Total VFA, mM 67.71 82.31 6.477 27.31 0.28
pH 6.81 6.84 0.074 3.41 0.81
Acetate, % 56.47 61.70 1.668 8.93 0.12
Propionate, % 30.13 24.59 1.477 17.07 0.05
Butyrate, % 13.38 13.70 1.072  25.02 0.89
Acetate:propionate ratio 1.93:1 2.54:1 0.168 23.73 0.06
CO2, % molar 55.85 57.56 1.193 6.65 0.51
CHa, % molar 27.40 31.56 1.108 11.88 0.05
Fermentation efficiency 84.81 82.48 0.622 2.35 0.05

DM= dry matter; SEM= standard error of the mean; CV= coefficient of variation; VFA= volatile fatty acids.

At the phylum level, additive supplementation tended to increase the relative abundance of
Bacteroidetes and reduce the abundance of Firmicutes (P<0.10) compared to the control, also
tended to reduce the abundance of Corynebacteriaceae (P= 0.06), and reduces
Lachnospiraceae, Rikenellaceae, Defluviitaleaceae, and Eubacteriacea (P<0.05) compared to
the unsupplemented lambs (Table 3). Some bacterial families were detected with the additive
supplementation  (Staphylococcaceae, Carnobacteriaceae, Rhodospirillaceae, and
Anaeroplasmataceae), and although there are no statistical differences, their presence
biologically should be considered.
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Table 3: Effect of herbal additive on the Firmicutes:Bacteroidetes ratio and relative
abundance of the main phyla and families of ruminal microbiota

C Powder® g/kg DM) CcVv

0 15 SEM (%) P-value
Bacteroidetes 25.00 31.80 1.890 21.04 0.07
Firmicutes 62.16 53.24 2.454 13.45 0.06
Firmicutes:Bacteroidetes ratio 2.66:1 1.70:1 0.263 38.15 0.06
Lachnospiraceae 32.91 23.70 2.303 26.59 0.03
Prevotellaceae 23.70 27.62 1.521 19.80 0.21
Veillonellaceae 12.30 12.80 1.647 43.61 0.88
Ruminococcaceae 941 10.66 0.907 30.14 0.52
Succinivibrionaceae 5.98 5.18 1.116 65.89 0.74
Methanobacteriaceae 2.21 5.08 0.964 90.95 0.14
Bifidobacteriaceae 0.31 0.40 0.049 46.11 0.42
Corynebacteriaceae 3.0 1.96 0.285 37.45 0.06
Bacteroidaceae 1.35 2.72 0.458 77.14 0.14
Rikenellaceae 0.53 1.58 0.211 72.68 0.01
Anaerolineaceae 0.0 0.02 0.009 331.66 0.29
Fibrobacteraceae 0.13 0.24 0.046 84.55 0.27
Staphylococcaceae 0.0 0.04 0.021 222.48 0.10
Carnobacteriaceae 0.0 0.02 0.009 331.66 0.29
Christensenellaceae 0.63 1.66 0.345 104.20 0.14
Defluviitaleaceae 0.15 0.06 0.021 64.22 0.02
Eubacteriaceae 0.21 0.10 0.030 62.75 0.05
Family X111 1.53 1.24 0.121 28.74 0.24
Other Clostridials 0.05 0.02 0.027 25421 0.61
Erysipelotrichaceae 3.30 2.00 0.722 88.48 0.39
Acidaminococcaceae 0.86 0.94 0.175 64.78 0.84
Synergistaceae 0.05 0.56 0.214 252.81 0.25
Spirochaetaceae 0.03 0.24 0.038 99.94 0.34
Desulfovibrionaceae 0.15 0.14 0.015 35.90 0.76
Rhodospirillaceae 0.00 0.02 0.009 331.66 0.29
Anaeroplasmataceae 0.00 0.02 0.009 331.66 0.29
Cardiobacteriaceae 0.01 0.00 0.009 331.66 0.38
Saccharibacteria 0.24 0.13 0.053 97.82 0.34
Other 0.90 0.88 0.133 49.80 0.94

DM= dry matter; SEM= standard error of the mean; CV= coefficient of variation
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Rumen microbiota structure and composition

A total of 465,134 raw sequences were obtained from the VV3-V4 region of 16S rRNA gene
analysis, within a range of 42,050 to 51,082 (average 46,513 per sample). After quality
control analysis, as well as chimera detection and elimination (194,402 sequences), the total
sequences analyzed were 189,576, in a range of 16,788 to 21,472 (average 18,958 per
sample). The microbial communities of the rumen from lambs fed with the additive showed
similar values of richness (Chaol), homogeneity (Shannon), and diversity (Simpson
reciprocal) indices (Table 4) without differences among treatments (P>0.05).

Table 4: Effect of herbal additive addition on rumen microbial diversity in lambs

C Powder® g/kg DM

Estimator/Indices 0 1 SEM CV (%) P-value
Chaol 211.80  267.00 20.71 27.35 0.20
Shannon 6.66 6.95 0.15 6.85 0.35
Simpson reciprocal  55.45 68.84 7.84 39.92 0.43

DM= dry matter; SEM= standard error of the mean; CV= coefficient of variation.

Beta diversity is a measure of differences in microbial diversity between samples. The
composition profiles of the samples showed differences between control animals and those
fed with the herbal additive since similar profiles of control samples are closer to each other
in the plot. Samples from treated animals, although dispersed from each other, form a
different group to the control, suggesting that the additive has a modeling effect on the rumen
microbiota of supplemented lambs (Figure 1).

Figure 1: Beta diversity analysis of ruminal microbial communities in unsupplemented
lambs (red dots) and lambs supplemented with the herbal additive (blue dots)
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Discussion

Based on the results obtained from the microbiota analysis using V3-V4 region sequencing,
no significant changes were observed in alpha diversity indices, suggesting that
supplementation did not alter microbial richness, homogeneity, or diversity. Regarding beta
diversity, the PCoA plot showed a dispersion of points, and samples from the supplemented
group; although separated from each other, formed a distinct cluster from the control group;
this indicates that supplementation caused subtle changes in the microbial community
composition. These modifications were reflected in the relative abundance of certain phyla
and families, which influenced the observed fermentation patterns. This is similar to other
research where no changes in alpha diversity were observed; however, in the PCoA the points
formed two different groups, suggesting alterations in the ruminal bacterial diversity®.

The phyla Bacteroidetes and Firmicutes are the main mediators in the generation of
hydrolysis and VFA production, and the proportion of these affects the fermentation pattern
and metabolism of ruminants®2627), Herbal additive supplementation reduced the
abundance of the Firmicutes phylum, which includes Gram-positive bacteria responsible for
the breakdown of exogenous peptides and amino acids®®). Previous research in cattle showed
that this phylum increases when there are high amounts of concentrate in the diet®®. On the
other hand, Bacteroidetes phylum is more efficient in the decomposition of cellulose,
hemicellulose and pectins due to the enzyme glycoside hydrolase and polysaccharide
lyase@®); therefore, this phylum has been decreased in high grain diets®?, in contrast to a
greater proportion with forage-rich diets®®. In this trial, Firmicutes:Bacteroidetes ratio
decreased, which could indicate that ruminal fermentation was favored for cell walls
digestion.

Some families of Firmicutes phylum were decreased, such as Lachnospiraceae,
Defluviitaleaceae, and Eubacteriaceae. Bacteria of Lachnospiraceae family have the ability
to produce the enzyme cellobiose phosphorylase®Y. Within the Bacteroidetes phylum, there
are reports that Prevotellaceae family plays an important role in the utilization of
polysaccharides from plants such as hemicellulose, xylans, pectins, and starch to generate
carboxylates and subsequently form VFA, also has the capacity to increase its population in
acidic environments®23), Previous research mentions that this family is the most abundant
when the diet is high in fiber and is associated with an increase in the production of total
VFA and acetate®3%, In this study, Prevotellaceae family was higher by phytobiotic
supplementation which could indicate that supplementation favors the microbiota to improve
cell walls digestion. Other families of this phylum have the ability to ferment different types
of carbohydrates and form succinic, acetic, and formic acid®>®. Among the changes
observed was the reduction of Corynebacteriaceae family, which contains some bacteria that
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participate in the incidence of opportunistic infections®® due to secondary metabolites
present in the phytobiotic.

The decrease in propionate concentration, along with the trend toward an increased
acetate:propionate ratio, suggests a shift in fermentation favoring acetate concentration. This
change is consistent with the observed increase in Rikenellaceae family, which is negatively
associated with propionate production®3439). This could explain the observed decrease in
propionate concentration, in supplemented lambs; in this sense, the negative correlation
between propionate and acetate indicates greater acetate concentration, which may result in
a higher availability of carbon and hydrogen for methane synthesis. Acetate formation
releases hydrogen, which is a key substrate for methanogenesis, whereas propionate
formation consumes hydrogen®®. Therefore, this fermentation pattern could be associated
with a potential increase in methane synthesis. Although no significant differences were
observed in the abundance of methanogenic archaea, the estimated methane concentration
increased, which along with the decrease in propionate and the change in the
acetate:propionate ratio indicate a possible increase in hydrogen production, causing a
decrease in fermentation efficiency®”.

Some researchers report that the use of some phytobiotics helps to reduce methane
production®®, this should not be generalized about their action at the ruminal level. This
study shows that the effects caused by these products are not always favorable. On the other
hand, there are reports showing that some secondary compounds decrease ruminal
methanogenesis; however, the effect cannot be attributed only to the direct effect on
methanogenesis, but also on protozoa and an increase in acetate production®.

Although no significant differences were found in total VFA concentration, the numerical
increase observed should be considered, because VFA are the main energy source for
ruminants. An increase in their concentration could reduce ruminal pH, favoring VFA
protonation and facilitating their passive absorption through the rumen epithelium, which
could have a positive impact on energy availability“%4Y,

The evaluation of these additives requires further research to be able to observe the effects
that supplementation can have on animals and not only on ruminal fermentation due to the
fact that supplementation with other herbal additives has shown positive effects on animal
production; in dairy calves, through a gene expression analysis, an improvement in lipids,
carbohydrates and proteins metabolism were detected, in addition to improving the immune
response?).
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Conclusions and implications

Dietary inclusion of herbal additive made with Ocimum sanctum and Phyllanthus emblica at
15 g/kg of dry matter in lambs modified the ruminal microbiota by increasing bacteria from
the Bacteroidetes phylum. Additionally, an increase in the bacterial family Rikenellaceae was
observed, which is associated with a decrease in propionate production; this may be related
to the lower propionate concentration in supplemented lambs. On the other hand, the decrease
in propionate may favored methane production, which led to an increase in the estimated
methane concentration in supplemented lambs, affecting fermentation efficiency.
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