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Abstract

Background: The Peruvian coast is characterized by its arid and saline soils, the cactus being an alternative for arid
soils and Salicornia for saline soils. Therefore, it is necessary to develop nutrition based on the intestinal microbiota
in goats.

Aim: To identify the intestinal microbiota in goats through a metagenomic analysis.

Methods: In this study, goats and kids were randomly selected and fed cacti and Salicornia as potential forage species
compared to native grass to study the changes in the microbiota using massive sequencing using the 16S rRNA gene
as a marker.

Results: The sequencing results showed the taxonomic levels of Bacteroidetes and Firmicutes at the phylum level as
the most abundant in creole goats’ microbiome, varying from 18% to 36% and 47% to 66%, respectively. At the genus
level, variants of the genus Ruminococcaceae stand out, related to cellulose degradation, as the most dominant in all
samples, followed by Christensenellaceae, Rikenellaceae, and Prevotellaceae. Also, the genus Akkermansia appeared
in greater abundance in kids fed with cactus, being necessary for being related to the intestinal mucosa’s health and
avoiding the adhesion of pathogens to the intestinal epithelium.

Conclusion: These microbiota changes based on diets with high fiber content are necessary to understand the adaptation
of this species to favorable dietary changes.
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Introduction

The diverse and complex symbiotic microbial
community that houses the intestinal tract contributes
significantly to the health and disease of mammals.
These microbes, led in a higher proportion by bacteria,
play a crucial role in the host’s nutrition, physiology,

that are absorbed through the different areas of the
gastrointestinal organ (Jiang et al., 2020), which are
essential for its growth, reproduction, thermoregulation,
and immunity of the host.

For many years, studying this microbiota in ruminants
has been vital to improving their production (Egan,

behavior, metabolic, and regulatory networks 2005). These studies were based on traditional
(McFall-Ngai et al., 2013). Many of these microbes techniques  through  routine  enzymatic ~ assays
are specifically inherited and unchanged over time to quantify cellulase, xylanase, and proteolytic

through a maternal transfer to the infant (Funkhouser
and Bordenstain et al., 2013), and which in turn, from
birth, is rapidly colonized by a microbial community
(Frese et al., 2015), and in its subsequent development
it changes depending on the genetics, environmental
variables, and diets of the host (Benson et al., 2010).

In diets, such as the diet based on plant fibers (pectin,
cellulose, and xylan) considered the primary natural
food source, it models the shape and performance of the
diverse microbial community in ruminants, generating
carbohydrates, short-chain fatty acids, and proteins

activity (McSweeney et al., 2005). They managed
to isolate several species that, at the time, were only
related to digestion and pathogenicity. Today, with
the biotechnological advances in massive DNA
sequencing, an unprecedented number of researches
related to microorganisms have opened, especially in
noncultivable ones. These initiatives have generated
massive amounts of publicly available data that
have significantly increased the depth and breadth of
knowledge of the gut microbiome in many species and
environments (Allali ez al., 2017).
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In Pert, the production of creole goats on the northern
coast stands out for their ability to withstand long
months of drought, with good fertility and milk
production traits. However, traditional breeders’
inadequate technical preparation preserves this activity
with a precarious diet based on harvest residues, natural
forages, and seasonal shrub species from dry forests,
thus limiting their development and production (Arroyo,
1998). Therefore, new breeding methods, health, and
livestock feeding are urgently needed to improve the
producers’ economic resources and living conditions.
A great alternative to increasing goats’ livelihood in
critical periods is by incorporating forage species from
arid zones such as succulents into their nutrition. With a
high prevalence in northern Perti, these plants have high
nutritional values that allow reaching the productive
levels necessary for goat development (Guevara and
Estévez, 2001). In this study, young and adult goats
were fed with cacti and Salicornia as potential forage
species compared to native grass to study the changes
in the microbiota using massive sequencing using the
16S rRNA gene as a marker.

Materials and Methods

Sample collection

The research was carried out on the farm of the Instituto
de Educacion Superior Tecnologico Piblico 24 de Julio,
Zarumilla, Tumbes, Perti. The experimental specimens
of similar age and weight were randomly selected
from 30 adult goats (approx. 4 years) and 30 young
goats (3 months). The study was divided into three
groups: group [ (GS) formed by two animals (adult
goat and kid) and fed with Salicornia; Group II (GC)
also consisting of the same set up as the former and
fed with cactus; and the control group (GM) fed with
local natural forage (Table 1) to evaluate the effect of
these diets on the intestinal microbiota, to develop an
efficient nutrient plan for the animals.

Extraction of DNA

The samples were obtained 21 days after the end of the
investigation. The fecal samples were taken directly
from the anus of each of the specimens belonging to each
treatment and were taken to the laboratory to be stored
at 4°C for their respective processing. The extraction

of genomic DNA from the samples was carried out
using the Quick-DNA™ Fecal/Soil Microbe Miniprep
Kit following the supplier’s steps. The quality of the
extracted DNA was carried out by 1.5% agarose gel
electrophoresis (Huang et al., 2018). The metagenomic
DNA samples obtained were stored at —20°C.
Sequencing and bioinformatics analysis

Samples were amplified by polymerase chain reaction
using the HotStarTaq Master Plus Mix Kit (Qiagen,
USA). The amplification conditions were as follows:
94°C for 3 minutes, followed by 28 cycles of 94°C
for 30 seconds, 53°C for 40 seconds, and 72°C for 1
minute; elongation at 72°C for 5 minutes; and the
sequencing was carried out using the Ion Torrent
sequencing platform PGM on the variable region V4
16S rRNA using primers 515{/806r (Caporaso et al.,
2011) by the company MR DNA (www.mrdnalab.
com, Shallowater, TX). The sequences generated by
Ion Torrent PGM were processed and analyzed using
the bioinformatics software Quantitative Insights Into
Microbial Ecology (QIIME; http://qiime.org) version
1.9.1 (Caporaso et al., 2011). Then, the sequences were
filtered with quality scores > Q 25, length > 150 base
pairs, and with UCHIME chimera sequences (Edgar et
al., 2011). The non-chimera sequences were assigned
in operational taxonomic units (OTUs) with 97%
taxonomic identity to the SILVA v128 database (https://
www.arb-silva.de/) for the taxonomic identification of
bacteria. Finally, OTUs less than 0.05% were filtered
(Bokulich et al., 2013). Each sample calculated the
alpha diversity indices with richness (Chaol) and
diversity (Shannon—Wiener and Simpson). Together,
the beta diversity indices were used to differentiate the
bacterial communities’ structure in each sample using
QIIME and Phyloseq and vegan packages in RStudio v.
3.6.2. (https://www.rstudio.com).

Results

Sequence quality processing and analysis

Data from the sequencing of the hypervariable region
V4 of the bacterial 16S rRNA gene generated 436,935
crude sequences apart from the 6 Capra hircus samples,
which had an average of 72,822.5 sequences per sample
(ranging from 66,337 to 82,616). After data reduction

Table 1. Feeding programming based on cactus, Salicornia, and native grass.

Group III (GM)
Feeding Group I (GS) Group II (GC) P
weeks Salicornia + native grass Cactus + native grass
Native grass
First week Salicornia 10% + native grass ~ Cactus 10% + native grass Native grass

Second week  Salicornia 25% + native grass

Third week Salicornia 50% + native grass

Cactus 25% + native grass

Cactus 50% + native grass

Native grass

Native grass
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Table 2. Total number of sequences with low- and high-quality bacteria associated with IonTorrent PGM

sequencing and 97% identification.

Samples

Raw sequences (n°)

High-quality sequences (n°)

Kid fed cactus-GCl1
Adult goat fed cactus-GC2
Kid fed native grass-GM1
Adult goat fed native grass-GM2
Kid fed Salicornia-GS1
Adult goat fed Salicornia-GS2

Total

66,337 22,077
70,455 25,897
70,035 32,013
80,286 20,998
82,616 24,162
67,206 32,803
436,935 157,950

by quality filtering using QIIME v 1.9.1., 157,950 high-
quality sequences were generated (representing ~49%
of the total sequences), with an average read length of
250 bp, scores quality (Q > 25), length > 150 bp, and
chimera detection, with an average of 26,325 sequences
per sample (ranging from 20,998 to 32,803; Table 2).
Analysis of the bacterial community

The Shannon and Simpson diversity indices were
slightly higher in GM1 and GM2 relative to the type of
native grass compared to the other diets. With respect to
the cactus diet, the bacterial diversity increased slightly
with age; On the other hand, there was no significant
difference with the Salicornia diet. The species
richness observed and estimated (Chaol), compared
between the six treatments, that GS1 had a significant
variation compared to the other samples that did not
have differentiations. Regarding its abundance, GS2
and GM1 related to the diet with Salicornia and native
grass, respectively, showed a higher proportion than the
other treatments; however, they decreased when related
to the number of OTUs where GS1 showed greater
bacterial diversity (Fig. 1).

Taxonomic classification

The taxonomic classification was distributed from
the relative taxonomic abundances. A total of 10
phyla, 30 orders, and 95 genera greater than 1%
of the total sequences were revealed. The 10 most
abundant phyla were Acidobacteria, Bacteroidetes,
Cyanobacteria, Lentisphaerae, Planctomycetes,
Firmicutes, Proteobacteria, Spirochaetes, Tenericutes,
and Verrucomicrobia. Among groups GC2, GS2, GCl1,
GS1, GM2, and GM1, Bacteroidetes (abundance of
28.8%, 33.1%, 21.1%, 29.9%, 26.1%, and 40.1%,
respectively), Firmicutes (58.5%,42.7%,62.5%,55.3%,
57.7%, and 55.2%, respectively), Proteobacteria (1.0%,
15.4%, 1.2%, 2.2%, 11.6%, and 0.9%, respectively),
and Verrucomicrobia (5.4%, 2.1%, 2.3%, 3.6%, 1.3%,
and 0.8%, respectively) were the most abundant, while
Lentisphaerae, Spirochaetes, and Tenericutes were the
least representative. A total of 30 OTUs at the order level

were detected in the taxonomic analysis among groups
GC2, GS2, GC1, GS1, GM2 and GM1; Bacteroidales
(abundance of 28.8%, 33.3%, 21.1%, 29.9%, 26.1%,
and 40.1%, respectively), Clostridiales (55.4%, 39.9%,
60.8%, 53.7%, 56.6%, and 52.5%, respectively),
Verrucomicrobiales (5.3%, 2.0%, 2.2%, 3.1%, 1.3%,
and 0.8%, respectively), and Campylobacterales (7.5%,
0.6%, 14.2%,0.0%, 0.1%, 3.3%, and 0.1%, respectively)
were the most abundant. While in groups GM2,
GS2, GCI1, and GMI, the taxa Methanobacteriales,
Methanomicrobiales, Bifidobacteriales, Bacteriales,
Gastranaerophilales, Elusimicrobiales, Bacillales,
Clostridiales, Erysipelotrichales, Selenomanadales,
Vicivallales, = Planctomycetales, = Rhodospirillales,
Anaeroplasmatales, and Mollicutes were the most
abundant. A total of 95 OTUs at the genus level were
detected in the taxonomic analysis; in groups GC2, GS2,
GCl1, GS1, GM2, and GM1, Ruminococcaceae UGC-
010, Campylobacter, Akkermansia, Coprostanoligenes
group, Ruminococcaceae UGC-013, Ruminococcaceae
UGC-005, Instestinibacter, Christensenellaceae R-7
group were the most abundant. It was shown that
the greatest diversities of bacteria are found in GS2,
GS1, GC1, and GC2; on the contrary, GM1 and GM2
presented less diversity of bacteria shared with the
other groups

Characterization of the core and unique microbiome
The previously identified genera (Fig. 2) were studied
to identify the microorganisms that are part of the core
microbiome and the only one present in creole goats
under different diets; it is worth mentioning that the
core microbiome is considered if there is greater than or
equal to 5 OTUs present in two or more samples during
taxonomic analysis. For this study, the genera (Fig. 3)
belonging to the core microbiome were identified in
two groups: a) goats fed with cactus, Salicornia, and
native grass; and b) kids fed with cactus, Salicornia,
and native grass:

In the first group of adult goats fed with cactus,
Salicornia, and native grass, 63 genera belonging to
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Fig. 1. Diversity indices between diets. A) Shannon, Simpson, and Chaol diversity indices between samples using the Phyloseq
package from R. B) Table of diversity indices between samples. C) Rarefaction curve showing bacterial diversity versus abundance
number showing that the GS1 sample related to young goats using the vegan package using R.
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Fig. 2. The relative abundance of bacterial communities on the effect of the Salicornia GS1 and GS2, cactus
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Fig. 3. Diagram illustrating the number of taxa in the superposition of the core bacterial communities. A) Goats fed with cactus,
Salicornia, and native grass. B) Kids fed with cactus, Salicornia, and native grass. C) Heat map showing the gradients of higher

and lower heat of bacteria between different diets.

the nucleus microbiome were characterized, among
them the most abundant were Family XIII UGC-001,
Candidatus, Soleaferrea, Ruminococcus 1, dgA-11 gut
group, Dorea, Peptococcus, Phascolarctobacterium,
Anaeroplasma, Ruminococcus 2, Prevotellaceae UGC-
004, Aeriscardovia, Ruminiclostridium 9, Akkermansia,
Phocaeicola, Turicibacter, Lachnospiraceae AC2044
group, Lachnospiraceae UGC-001, Lachnoclostridium,
Ruminococcaceae UCG-010, uncultured bacterium,
Lachnospiraceae FCS020 group, and Ruminiclostridium
(Fig. 3). Meanwhile, in the diversity of the second
group of kids fed with cactus, Salicornia, and native
grass, 67 genera belonging to the core microbiome were
characterized. Among them the most abundant were
Bifidobacterium, Family XIII UGC-001, Candidatus,
Soleaferrea, Ruminococcus 1, dgA-11 gut group,
Peptococcus,  Phascolarctobacterium, Victivallis,
Terrisporobacter, Treponema 2, Anaeroplasma and
Ruminococcus 2 (Fig. 3).

The previously identified core microbiome genera
identified in both samples belonged to the order
Alphaproteobacteria and Gammaproteobacteria. Then,
we proceeded to characterize the unique microbiome of
the first group of goats fed with cactus and native grass
where GC1, GC2, GM1, and GM2 were 1, 1, 0, and 10
OTUs, respectively. The second group of goats fed with

Salicornia and native grass was GM1, GM2, GS1, and
GS2 with 1, 1, 0, and 0 OTUs, respectively. Afterward,
the third group of goats fed with cactus and Salicornia
was GC1, GC2, GS1, and GS2 with 0, 1, 2, and 0 OTUs,
respectively (Fig. 3). The fourth group of goats fed
with cactus and Salicornia was GC1, GM1, and GS1
were 1, 8, and 1 OTUs, respectively. Finally, the fifth
group of goats fed with cactus and Salicornia was GC2,
GM2, and GS2 was 2, 6, and 2 OTUs, respectively. It
is worth mentioning that the bacterial genera identified
in the nucleus microbiome of the first, second, third,
and fourth group presented bacterial diversity, contrary
to the fifth group where bacterial diversity was broadly
demonstrated during the taxonomic analysis.

Discussion

The purpose of our research was to identify,
characterize, and evaluate the microbiome of creole
goats fed with different diets (cactus and Salicornia)
compared to native grass. To do this, we resorted to the
latest generation next-generation sequencing (NGS),
a massive sequencing technique, which allowed us
to characterize the bacterial microbiome at different
taxonomic levels from phylum to genus.

In the results, we find that Bacteroidetes and Firmicutes
at the phylum level are the two most abundant OTUs in
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the microbiome of creole goats, ranging from 18% to
36% and from 47% to 66% respectively, influenced by
the different diets between the samples and corroborated
by previous research based on NGS technologies
(Chaucheyras-Durand et al., 2016; Deusch et al., 2017,
Cui et al., 2019). The intestinal tract of most ruminants
is dominated by these types of phyla (Wang et al., 2019),
and they play essential roles in carbohydrate, protein,
and fiber metabolism (Huo et al., 2014). The percentage
of Bacteroidetes, related to organic decomposition,
decreases with increasing age, otherwise with Firmicutes,
which are related to high fiber decomposition. Thus, we
identified that those creole goats fed with cacti presented
a greater abundance of Firmicutes concerning the other
groups investigated as they contain a higher concentration
of plant fibers. In this way, the host microbiome changes
under the influence of high fiber diets, as many previous
studies have been carried out in herbivores (Hook ef al.,
2011). The genus-level shows a significant change in
the taxa altered by changing diets. Our results highlight
variants of the genus Ruminococcaceae, related to
cellulose degradation, as the most dominant in all samples,
followed by Christensenellaceae,  Rikenellaceae,
and Prevotellaceae. But Campylobacter remarkably
predominates in adult goats fed Salicornia. However, our
results differ from previous research showing Prevotella
as the most abundant genus (Pitta et al., 2010; Deusch et
al.,2017; Wang et al., 2019; Ciu et al., 2019).

On the other hand, Belzer and De Vos (2012) and
Lagier et al. (2015) mention that Akkermansia is
widely distributed in the intestinal tract of humans
and animals and related to mucosal health (Derrien et
al., 2016) and energy metabolism and inflammation
markers (Schneeberger et al., 2015; Guo et al., 2017).
Furthermore, studies report increased levels of pro-
inflammatory TNF-o and IFN-y are associated with
higher amounts of Akkermansia sp. in breast milk
(Collado et al., 2012). In our research, Akkermansia was
identified with a higher presence in kids fed Salicornia.
It is necessary to understand that the study of the
bacterial microbiome allows us to know the diversity
and richness of species related to the organism's activity
and behavior in the face of environmental conditions; in
addition, a minimal change in the lifestyle of organisms
could drastically change the bacterial microbiome. In
conclusion, despite the reduced number of samples in the
present study, we were able to identify that Firmicutes
and Bacteroides play essential roles in the fiber-based
feeding of creole goats, where a high population of both
phyla would improve the production characteristics
in creole goats such as weight gain, a proliferation of
offspring, increase in milk, and meat production.
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