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Cattle are used for many purposes, but today beef cattle are mainly

. raised to provide people with meat and many other useful products.
MADDIE Did you know that leather, soap, gelatin, and even medicines come

!@ AGE: 15 from beef animals? Besides, cattle can thrive on low-quality land not
suitable for building houses or growing plants for people to eat. More

YOUNG REVIEWERS:

RS importantly, they eat foods that other animals cannot use up. Cows

AGE: 14 rely on plants as their main source of food and they can digest tough

R plant parts because they have a team of microbes in their gut. The

AGE. 15 microbes in this tiny team (called the microbiome) provide cattle with
about 70% of the energy they need. As the microbe team is very

SEBASTIAN important for cattle to grow and get nutrients from food, scientists

AGE: 10 are working on strategies to get bigger, healthier cows while, at the
same time, caring for our planet.

TACY

AGE: 13
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Figure 1

Microbes of different
types and sizes exist in
the rumen of cattle
(left). Prokaryotes,
including archaea and
bacteria, are smaller
than eukaryotes, which
include protozoa and
fungi. In the middle
figure, can you
recognize the small
papillag, shaped like
fingers, where the
microbes live? The
entire rumen, including
the hand-like pillars
that mix and squish the
food, is shown on

the right.

RUMINANTS

An animal that eats
plant-based foods and
breaks them down
using the rumen.

RUMEN

The main compartment
of the special stomach
of the cows, which is
divided into

other three.

MICROBES

Tiny forms of life,
including bacteria,
fungi, and protozoa.

MICROBIOME

Entire habitat, including
the microbes (bacteria,
archaea, fungi,

protozoa), their

genomes (i.e., genes),
and the surrounding
environmental conditions.
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Figure 1

DID YOU KNOW THAT COWS ARE RUMINANTS?

Humans get many useful products from beef cattle. Not only do they
provide us with a source of meat, but also leather, soap, gelatin and
medicines come from cattle. Cows also eat foods that other animals
cannot use up and live in land that is not suitable for building houses
or growing plants for people to eat.

Cows are ruminants, which means they have a rumen. The rumen is
the first part of a cow’s four-part stomach. The rumen helps cows to
break down tough materials like those found in plants, and the smaller,
broken-down pieces are easier for the cows to use for food. Imagine
having hands and tiny fingers inside your stomach. The hands, called
pillars, squeeze the food up and down and all around in the rumen until
itis squished into little pieces, while the fingers, called papillae, help to
take nutrients from the food (Figure 1, right). Now imagine yourself
repeating this process for 8h a day! That is a lot of work! Cows are
not the only ruminants—goats, sheep, and even giraffes and moose
are ruminants too [1]! Wild ruminants, such as elk and caribous living
in grasslands help to prevent a dangerous rise in greenhouse gasses
in earth’s atmosphere. Animals trim the grass constantly, helping the
grass to grow taller and healthier. Their roots become longer, and
the grasses can take up more of the greenhouse gas carbon dioxide
from the atmosphere. Thus, wild, and grazing domestic ruminants
protect the diversity of our native plants and animals, which are foods
for humans.

DID YOU KNOW THAT MICROBES CAN HELP COWS USE
FOOD?

The rumen is a special organ because it is home to millions of
tiny, microscopic organisms called microbes. All the microorganisms
together are called the cows’ microbiome. Cows can eat plants as their
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Figure 2

Cows are about 1,000
times larger than their
microbes. For
comparison, if Mount
Rushmore were a cow,
the small cow in the
right corner of the
mountain would be a
bacterium. On the right
side of the figure, you
can see where archaea,
bacteria, protozoa,
fungi, cows, and
humans are on the tree
of life. The bottom of
the tree includes less
complex organisms
and the top branches
include those more
complex.
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Figure 2

main food source because the rumen houses many different microbes
that break the plants down into usable energy for the cows. Scientists
have recently become aware that the microbiome is necessary for
cattle to grow and be healthy [2], and scientists have been trying
to help this microbe team to be more efficient [3]. More efficient
microbes could mean healthy, bigger cows that eat less food. Although
the scientists have worked hard to achieve this aim while increasing the
environmental benefits, the results have not been as good. Scientists
now know that there is much more information we need to piece
together before we can support the cows’ microbiome in its mission:
getting as much energy as possible from less food, so cows can grow
better and be happy.

DID YOU KNOW THAT THERE ARE DIFFERENT KINDS OF
MICROBES THAT DO DIFFERENT JOBS?

Cows are around 1,000 times larger than the microbes living in their
rumens (Figure 2, left). The cow microbiome is made up of squads
of different kinds of microbes: bacteria, protozoa, fungi, and archaea.
The types of microbes all have different abilities and there are many
things that affect their behavior. Although cows and their microbes
belong to different kingdoms of life (Figure 2, right), they collaborate,
and both the cows and the microbes obtain positive results from
this teamwork.

Bacteria and archaea are a lot smaller than fungi and protozoa (Figure
1, left). Bacteria can eat many different things and they produce several
kinds of nutrients for the cow. Archaea are fewer and smaller, and
they do not do as many different things as bacteria do. Fungi are
good at breaking into tough plant walls. Protozoa can hold on to
foods and store them longer than other microbes, so they can release
energy when needed, to provide fast resources for the cow. To give
you an idea of how many microbes of each type are present, if our
microbiome team had 20 members, 10 would be in the bacteria
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squad, eight on the protozoa crew, and fungi and archaea would be
represented by one participant each.

Beef cows can eat many kinds and parts of plants. For most of their
lives, cows graze, meaning they eat grass. But as cows get older, they
can eat grains. Grains, like cereal, come from the seeds of plants.
Grains are not as hard to break down as grass, so the microbes can
digest them faster than they digest grass. We know that diet is a big
force driving the composition of the microbiome team [4]. If their
preferred food is not present in the cow’s diet, microbes will not grow
and the members on the team will change. For instance, some bacteria
can only live and grow when cattle eat mostly grains, but others are
more adaptable and can survive [4]. Archaea are often found when
cows are eating more plants. The protozoa squad does not change as
much because of the diet, while fungi really do not like grains and will
sometimes die off when cattle eat more grain.

Although microbes do a lot of important things for cows, they can also
do things that are not as helpful. Some microbes produce methane,
which is a gas that contributes to global warming and is also a waste
product for cattle, preventing them from growing to their full potential.
Some microbes might not make energy from certain foods as well as
other microbes can. Scientists want to understand the helpful effects
of the cows’ microbiome while also making sure their microbes release
less methane.

DID YOU KNOW WE CAN HELP MICROBES HELP COWS?

There are things that scientists and farmers can do to help the
microbiome team do their best to grow happy, healthy cows. Like
we mentioned before, cattle eat mainly grass when they are young,
but they are usually fed more grain as they grow older. Grains are
used not only to feed cattle, but also to produce food or fuels for
humans. Grain leftover from other uses is a great food for cattle
because protein and other nutrients contained in the grain can be
broken down by the microbiome team. The broken-down grain can
then be used by animals and help them to grow and be healthy. When
this diet change from grass to grain happens, the microbiome helps
cows to successfully pass from digesting plants and their mother’s
milk to eating grains. Of course, the microbiome must change to keep
young cows healthy. Remember what happened when your mom or
dad tried to feed you a new food for the first time? Maybe you felt that
the texture was weird, maybe you even cried. Cows do not cry, but they
get stressed when their food is changed. For this reason, letting cows
try new foods early in life helps their microbiomes get used to breaking
down different kinds of food. When the microbiome is adjusted to the
new food, the cow can grow faster and be healthier.
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Scientists have created special foods or medicines that can be fed to
cows to limit the growth of microbes that produce things that may
be a waste for the cow, like methane. However, the positive effects of
the special foods or medicines do not usually last very long. Scientists
are trying to find longer-lasting, inexpensive ways to help microbes
help cows use food better [5]. For example, do you like the smell
of rosemary or thyme? The aromas of these spices are contained in
the essential oils that come from these plants, which can eliminate
particular microbes producing waste in the gut of the cows. Scientists
are trying to learn if providing these oils to cows can help them to use
their food better, because they may help to stop the activities of the
bad microbes.

ARE THERE ANY OTHER WAYS THAT SCIENTISTS ARE
WORKING TO HELP ANIMALS AND THE
ENVIRONMENT?

As we have shown, a cow's microbiome is very important for helping
the cow to grow, because the microbes participate in the breakdown
of the foods that the cow eats, providing the cow with nutrients. Diet
and other factors in the cow’s environment can change how well the
microbiome does its job, but we still need to find out exactly how
this happens so that we can make beef production the best it can be.
Researchers are trying to determine whether some microbes make
different nutrients that might help cows to eat less but gain more
weight. This type of knowledge will help to improve livestock farming.
Knowledge about a cow’s microbiome can also help us care for the
environment, because we can maintain or help cow'’s growth, while
decreasing the wasteful products released in the atmosphere and in
the environment.
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YOUNG REVIEWERS

MADDIE, AGE: 15
My name is Maddie. | am 15 years old, and live near San Francisco.

MATIAS, AGE: 14
I am a 14 years old who loves science, programming, Vikings, mythology, Jiu-Jitsu,
rock and roll, singing, and playing drums.

SADIE, AGE: 15

Sadie is active in volleyball, track, and band. She enjoys science and mathematics
and is looking forward to Biology and Anatomy & Physiology coursework. In her free
time, she is training and competing in rodeo events including pole bending and team
roping with her horses; Autumn, Calypso, and Coco.
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SEBASTIAN, AGE: 10
| like sports, reading, math, and animals.

TACY, AGE: 13
Hi I am Tacy. | am 13, and live near San Francisco. | like drawing, videogames, and
playing guitar.
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