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Abstract

In this study bacterial populations were identified in the rumen of zebu cattle fed various diets and
classified taxonomically with metagenomic sequencing of the 16S rRNA gene. Twenty-four (24) heifers were
used in a completely randomized experimental design to test the effect of the diets. Treatment 1 consisted of
range grass hay. Treatment 2 was composed of the hay diet augmented with sun-dried cassava leaves.
Treatment 3 comprised hay plus sun-dried azolla. Treatments 4 to 6 were similar to treatments 1 to 3. but
with a basal diet of Brachiaria Mulato Il hay. Rumen liquor samples were collected from the heifers, from
which a total of 192 DNA samples were amplified and the resulting 16S rRNA sequences were compared
with those in the National Centre for Biotechnology Information BLAST database using MetagenAssist.
Bioinformatics analyses indicated that 17 operational taxonomic units (OTUs) were present at phylum level,
of which 43.3% were Firmicutes, 27.2% Bacteroidetes, 22.8% Proteobacteria and 1.7% Euryarchaeota. The
remaining OTUs were Cyanobacteria (1.4%) and Chloroflexi (1%) with Actinobacteria, Verrucomicrobia,
Spirochaetes, Tenericutes, Planctomycetes, Elusimicrobia, Lentisphaerae, Armatimonadetes, Fibrobacteres,
Synergistetes and Arthropoda all below 1% of the organisms present. Time and diet both affected (P <0.05)
the abundance of microbes, but not their diversity in the rumen. Thus, these diets could affect the
performance of animals.
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Introduction

There is increasing demand for cattle products as a result of continued population growth and
improving standards of living in developing countries. There is therefore a need to improve feed utilization.
Rumen microbiome studies could inform identification of new ways to ensure efficient use of feed and
improved animal health. The microorganisms in the rumen form a complex ecosystem that is well suited to
diverse diets (Clauss et al., 2010, Stevens & Hume, 1998). A symbiotic relationship has developed over time
between ruminants and these ruminal microorganisms, which enables the digestion of fibrous materials
(Dehority & Orpin, 1997). The relationships between microorganisms and the host animal affect their
performance (Rawls et al., 2004). In the rumen, the microorganisms receive substrates through ingested
feed. Through fermentation, these microorganisms become a valuable source of nutrients for the host animal
(Mizrahi, 2013).

Techniques based on 16S rRNA made it possible to analyse complex ecosystems, and to determine
the diversity and abundance of communities of microorganisms (Amann et al., 1995). Metagenomics made it
possible to identify uncultured microorganisms, their evolution, and functional relationships (Thomas et al.,
2012, Sabree et al., 2009). The 16S rRNA gene, an excellent phylogenetic marker (Pace, 1997) consists of
regions that are highly variable and conserved, and their differences in sequences differentiate the
microorganisms and determine their phylogenetic relationships. rRNA gene fragments can be obtained
without cultivating the microorganisms from 16S rDNA libraries. This is achieved by amplifying 16S rRNA,
obtained from samples, with polymerase chain reaction (PCR). In this way, a list of 16S rRNA genes is
developed. The composition of the microbes can be determined through sequence analysis and comparing
the analysis with appropriate reference sequences in databases to infer their phylogenetic affiliation
(Mumina, 2013).
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Feeding fibrous materials to ruminants can affect ruminal microbial communities and increase
ammonia nitrogen (Saro et al.,, 2012). Ruminants convert light energy captured by plants into edible
compounds such as milk and meat (Nathani et al., 2015). The objective of this study was to identify and
document the composition of rumen bacteria in zebu heifers fed various types of diet through metagenomics
sequencing of the 16S rRNA gene.

Materials and Methods

The feeding trial was carried out at Kenya Agricultural and Livestock Research Organization (KALRO)
Kiboko Research Centre in Makindu sub-County, Makueni County. The laboratory work was done at the
International Livestock Research Institute (ILRI), Nairobi. The procedures were approved by the committee
in charge of animal care and use at KALRO. A completely randomized design experiment was used in the
trial, which ran for 14 weeks, during which twenty-four (24) yearling small East African short-horned zebu
heifers were used with mean live weight of 109.8 + 18.4 kg. The heifers were randomly assigned to 12 pens
with each pen housing two heifers. Six dietary treatments were then allocated to two pens each, so that four
heifers were allotted to each treatment.

Treatment 1 consisted of a mixture of range grass hays (mainly Eragrostis superba). Treatment 2
consisted the hay plus sun-dried cassava leaves. Treatment 3 comprised the hay plus sun-dried azolla.
Treatments 4 to 6 were similar to treatments 1 to 3, but with Brachiaria Mulato Il hay as the basal diet. The
crude protein content of the basal feeds was used to determine the amount of supplement for each animals
to provide 16% CP, as recommended for growing animals (NRC, 2000).

The animals were first offered the supplementary azolla or cassava leaves at 08h00. In general, the
animals preferred the grass hay to the supplementary materials. Half of the amount of hay allocated to the
animal was given at 10h00 and the other half at 14h00 hours to minimize wastage. Intake was determined by
collecting and weighing the leftovers before the next day’s feeding. The feed was placed in two plastic basins
in each enclosure and water was provided ad libitum in two buckets. A mineral block (Afya Bora® stock lick)
was provided ad libitum. Ticks and flies were controlled biweekly with a pour-on acaricide (Ectopor 020 SA).
All the animals were treated with 10% Albendazole suspension before the start of the experiment to control
internal parasites.

Samples of the feeds were put in bags and dried in the oven for 48 hours at 60 °C to determine air-dry
matter. The samples were ground through a 1.0 mm sieve in a hammermill and retained for nutritional
analysis. They were then dried overnight in the oven at 105 °C to determine their dry matter content. Crude
protein was determined as the Kjeldahl nitrogen content multiplied by 6.25 (AOAC, 2005). Procedures
described in Van Soest et al. (1991) were used to determine acid detergent lignin and neutral detergent fibre.
The samples were burned in a muffle furnace at 550 °C for 8 hours to determine the ash content.

Rumen fluid was collected from all the animals on day 14, first in the morning before feeding, and then
every other hour for seven hours. The animals were restrained in a chute and a flexible stomach tube was
inserted through the mouth. An attached suction pump was used to withdraw the samples, which were put in
10 mL cryotubes and placed in liquid nitrogen until the DNA was extracted.

Extraction of DNA was done with the Zymo soil extraction kit (ZYMO Research, California, USA)
following the protocol of the manufacturer. Briefly, 150 uL of rumen liquor was added to a ZR BashingBead™
lysis tube followed by 750 uL of solution for lysis. The lysis tube was then fixed in a bead beater, which had
tube holder assembly (Disruptor Genie™), followed by processing for 5 min at maximum speed. The same
lysis tube was centrifuged for 1 min at 10 000 x g. Then 400 pL of the supernatant was placed in a Zymo-
Spin™ |V spin filter and centrifuged for 1 min at 7000 x g. Then 1,200 yL of buffer for binding was ten mixed
with the flow through. Then 800 pL of the mixture was placed in a Zymo-Spin IIC column and centrifuged for
1 min at 10 000 x g. This step was repeated after discarding the flowthrough. When extraction had been
completed, DNA quality was confirmed by electrophoresis on a 0.8% agarose gel visualized under ultraviolet
light.

The primers used for PCR amplification and those for sequencing were similar to those used by
Caporaso et al. (2010a). This supported pooling of up to 2167 samples in each lane. Both PCR primers
(515F and 806R) contained sequences of the lllumina flow cell adapter regions. The V4 region of 16S rRNA
was amplified with 515F universal primers (5-AGAGTTTGATCMTGGCTCAG -3'), and 806R (5™-
CGGTTACCTTGTTACGACTT-3'") (Caporaso et al , 2010b). The amplification mixture consisted of 10 x
Dream Taq buffer (2.5 yL, 10 mM dNTPs (0.5 pL), 10 nM of each primer, DNA template (1 pL) and 0.2 pL of
DreamTag polymerase (Thermo Fisher Scientific, Massachusetts, USA). The amplification was carried out
on a thermo cycler (Applied Biosystems, Fisher Scientific, Massachusetts, USA) using the manufacturer’s
protocol. Amplified fragments were visualized on a 0.8% agarose gel under ultraviolet light (Figure 1). The
PCR amplicons were purified on a QlAquick DNA gel extraction kit (QIAGEN, CA).
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Figure 1 Polymerase chain reaction product of the 16S rDNA for samples (S1-S12) after agarose gel
purification

The concentration of samples for sequencing was determined with Qubit® dsDNA BR assay kit
(Thermo Fisher) before sequencing with the Illumina platform. Filtering of reads for quality was done and
truncated at their first low-quality base. Any reads that had 75 bases and below were dismissed, similar to
those that had barcodes that did not match those expected. Apart from the 192 experimental samples, the
MiSeq run, as part of the control, had phiX174, which accounted for 47% of the reads in this run. The limited
diversity among the 16S amplicons was the reason for the use of the phiX control.

The assigning of reads to OTUs was done with a closed-reference protocol, as described in the QIIME
toolkit (Caporaso et al., 2010a), in which UCLUST algorithm (Edgar, 2010) was used in the search and
comparison of sequences with the Greengenes database (Desantis et al., 2006), filtering them at an identity
of 97%. The best hit approach was used to assign reads to the OTUs. Reads that were not similar to any
reference sequence were dismissed. A dominant OTU was defined as consisting of < 1% of total sequences,
and only dominant OTUs were included in the analysis. A dominant or non-dominant OTU was considered
prevalent across a group if it had sequences from all samples in that group. It was also assumed that
prevalent and dominant OTU or groups could be considered part of the bacterial core.

SPSS (v 20) (9IBM Corp., Armonk, NY, USA) software was used for statistical analyses. Shannon
indices were compared using the Student's t-test.

Results and Discussion

Table 1 shows the results of sequencing amplicons using the lllumina platform. In total 19,430,463
reads were generated before quality control. This was reduced to 11 838,743 after duplicates were removed.
When filtered by length and error, 3 149 693 reads remained and these gave rise to 2,929 OTUs.

Table 1 Numbers of DNA sequence reads before and after removal of duplicates and chimeras

Filter by length Filter by length and error
Number of reads before 19,430,463 19,430,463
Number of reads after duplicate removal 11,838,743 11,838,743
Number of reads after filter 11,838,743 3,286,961
Number of reads after chimera removal 11,523,375 3,149,693
Number of operational taxonomic units found 147,813 27,929

Bacterial community composition indicated seventeen bacterial phyla, with three, namely Firmicutes
(43.3%), Bacteroidetes (27.2%), and Proteobacteria (22.9%), being the most abundant (Figure 2). The other
14 phyla each represented <2% of all the bacterial sequences, namely Euryarchaeta, Chloroflexi,
Cyanobacteria, Actinobacteria, Verrucomicrobia, Spirochaetes, Tenericutes, Planctomycetes, Elusimicrobia,
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Lentisphaerae, Armatimonadetes, Fibrobacteres, Synergistetes and Arthropoda. The abundance of
Firmicutes in the six treatments was 49.8%, 44.3%, 39.1%, 42.0%, 44.7% and 41.5% (SE = 0.02%),
respectively. Proteobacteria was most abundant in heifers treated with cassava leaf meal (26.5%), followed
closely by heifers treated with azolla at 26%. For the other diets, the abundance of Proteobacteria was
23.9% and 19.2% for Bracharia, and the control diet. The abundance of Bacteroidetes phylum was highest in
the heifers treated with Bracharia and cassava leaf meal at 30%. This was followed by Bracharia alone,
cassava leaf meal alone, and the control diet at 28.5%, 26.9% and 25.9% respectively.
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Figure 2 Taxonomic composition of bacterial phyla and their abundance in the rumen of the zebu heifers
because of azolla, cassava leaf meal, Bracharia grass and range grass substrates

The abundance of some phyla was affected significantly by the feed, whereas others were not
affected (Table 2). Proteobacteria, Actinobacteria, Spirochaetes, Bacteroidetes, Euryarchaeta and
Armatimonadetes were affected significantly by feeds. Bracharia had the most significant effect on the
abundance of various phyla, followed by azolla and cassava leaf meal.

Table 2 Estimates of effect of ingredient used in augmentation of the diet for zebu heifers on abundance of
bacterial phyla in the rumen liquor

_Augmc_ented Estimate Error degrees of freedom t-value P-value
ingredient

Bracharia 0.0443 £ 0.0111 371 4.006 <0.001
Azolla 0.0382 £ 0.0111 371 3.457 <0.001
Range grass 0.0164 £ 0.0111 371 1.482 0.139
Cassava leaves 0.0336 £ 0.0111 371 3.042 0.003

The abundance of Firmicutes, Proteobacteria and Bacteroidetes (P <0.05) was affected by time (Table 3).
The change in the structure of the rumen microbes over time was interesting. It indicated that if animals were
given time, they adapted to newly introduced feeds and thus could improve feed utilization efficiency.
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Table 3 Analysis of variance for effect of time on abundance of dominant bacterial phyla

Dependent Degrees of

- Sum of squares Mean squares F-statistic P-value
variable freedom
Firmicutes 7 1145586479 163655211 4.59 <0.001
Bacteroidetes 7 368402021 52628860 3.12 0.004
Proteobacteria 7 479276275 68468039 6.90 <0.001

Shown in Figure 3 are time trends in the Shannon diversity index as affected by the diets. Diversity of
species in a community structure expresses the characteristics that are peculiar to that community level of
organization. A higher value of the Shannon index of diversity indicates a more diverse community of
species, whereas a lower value indicates a less diverse community. An index value of O indicates a
monoculture. The Shannon index of diversity in this study (2.6) indicated that the diversity of bacterial
species was high. Thus, these feedstuffs enabled the coexistence of a range of rumen microbes and
suggested that these diets would not alter the community of microorganisms in the rumen of these heifers.

3.5
3
> 25
@ Diet
.g 2 Range
o Grass
©
.0 Azolla
-§ 15
2 Cassava
= 1
Bracharia
0.5
0
1 2 3 4 5 6 7 8
Time, hours

Figure 3 Time profile of Shannon indices indicating rumen microbial diversity over time as affected by diet

Bacteroidetes and Firmicutes were most common phyla. This was similar to work by Edwards et al.
(2004), which showed them to be dominant in the rumen. There were other large groups of bacteria that
were not classified, including Clostridiales, Lachnospiraceae, and, Ruminococcaceae, which were likely to
be present in the rumen. However, members of Bacteroidetes and Firmicutes are frequently the most
abundant bacteria detected in the rumen by culture-independent methods. In this study, the prevalence of
Firmicutes was 82.1%, which is one of the highest values reported for the rumen. Other studies recorded
values of 90.2% and 95% of sequences assigned to Firmicutes in Holstein cows on high roughage and grain
diets (Tajima et al., 2000). However, most studies reported values that were lower than 70%.

In addition, Cyanobacteria was detected in the samples, irrespective of the diet. This phylum is known
for its photosynthetic capability, but recent studies demonstrated the presence of non-photosynthetic
members in the stomach of humans and in underground water (Di Rienzi et al., 2013). Their analysis
demonstrated that the order YS2, present in the current data, had roles such as obligate anaerobic
fermentation, fixation of nitrogen, production of hydrogen syntrophically and the manufacture of vitamins K
and B. YS2 has been suggested as a new phylum ‘Melainabacteria’ (Di Rienzi et al., 2013). Other reports
showed its presence in the gut of mammals (Soo et al.,, 2014; Zeng et al., 2015). Currently work that
described the microbiome of zebu heifers is limited and more high-throughput sequencing studies are
necessary. Pitta et al. (2016), showed the abundance of Bacteroidetes, Firmicutes and Proteobacteria szx
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was 70%, 15-20% and 7% respectively. This dominance was influenced by diet and the age of the cow.
Additionally, studies by Alzahal et al. (2017) demonstrated structural and composition differences in the
bacterial microbiome between dry and cows in early lactation. The lactating cows had greater proportions of
Proteobacteria, lower amounts Firmicutes, and no change in the proportion of Bacteroidetes.

Conclusions

Rumen microbes in zebu cattle are highly diverse and their abundance is affected by their feedstuffs.
Time after feeding affected the structure of the bacterial community, but not microbial diversity. The results
showed that it is possible to introduce feeds such as azolla to ruminants and they would be able to utilize
them.
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