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Right now, inside all of our bodies there is a complex ecosystem made
up of bacteria. Often when we think of bacteria, we think of disease,
but most bacteria are beneficial and are needed for maintaining our
good health. Most of these bacteria live in the gut. Beneficial bacteria
in our bodies contribute to our development and help combat the
harmful bacteria that might make us sick. Therefore, if the bacterial
ecosystem in the gut is out of balance and there are too many of the
harmful bacteria, it might lead to certain intestinal diseases. We have
studied how heme iron, a type of iron that is found in our blood and in
red meat, disturbs the bacterial community in the gut, and ultimately
how that affects gut health. We found that high consumption of dietary
heme promotes the growth of harmful bacteria, while reducing the
number of beneficial ones.
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The gut is part of the
body’s digestive system
that deals with all the
food and drink that you
take into your body. The
gut is also called the
intestines or bowels,
and they are all coiled
up to fit inside your
belly.

The collection of
microorganisms that
live in a certain part of
the human body, for
example, on the skin, or
in the gut.
https://kids.frontiersin.
org/article/10.3389/
frym.2017.00035

An imbalance in the
microbial communities
in number or type,
either in or on the body.

[ron is a mineral, and its
main purpose is to carry
oxygen in red blood
cells throughout the
body, so cells can
produce energy.

Figure1

Balanced: The
balanced gut
microbiota shows a
healthy number and
mix of beneficial and
harmful microbes.
Dysbiosis: the gut
microbiota in dysbiosis
shows more harmful
microbes and fewer
beneficial microbes,
compared with a
balanced gut
microbiota.
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BACTERIA IN THE GUT—THE GOOD AND THE BAD

The food and drinks that we take into our bodies go through our diges-
tive system, which includes the intestines. The intestines are also called
the gut or the bowels. Inside the gut, there are millions and millions of
bacteria and other microbes, which we call the gut microbiota. Most
of the bacteria that take up residence in the gut are friendly and even
needed. We call these the beneficial bacteria. They help our bodies per-
form various tasks. They help us digest our food, they produce vitamins,
and most importantly they help us keep a healthy gut. In exchange for
all the hard work that the gut microbiota does for us, we provide the
bacteria with a nice, safe, and warm place to live.

Beneficial bacteria have another super important task: they prevent
harmful bacteria from getting out of control. As long as the number
of harmful bacteria is kept to a minimum, they are mostly harmless.
However, if the conditions are just right, the number of harmful bac-
teria can grow too large. Too many harmful bacteria in the gut can be
dangerous and make us sick.

When the balance between the harmful and beneficial bacteria and
other microbes changes, we use the term dysbiosis to say that the gut

microbiota is out of balance [1]. Dysbiosis is characterized by

1. A reduction in the number of types of microbes present, or less
diversity;

2. Loss of beneficial microbes; and
3. Growth of harmful microbes (Figure 1).

Beneficial and harmful bacteria are constantly in competition for food.
One of the most important parts of their diet is iron, a mineral that is
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HEME

A ring-like molecule to
which an iron atom is
attached. The iron
attached to heme binds
oxygen in the lungs and
releases it as the blood
flows through the
tissues of the body.

Figure 2

The battle for iron
between bacteria in the
gut.
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also required for our bodies to function properly. The more iron in their
environment, the more the bacteria can grow.

THE BATTLE FOR IRON

Almost all living organisms, including humans, need iron to survive.
Microbes, including bacteria, are no exception. Iron in the gut can either
be bound to special molecules, like one called heme, or unbound (free
iron). However, there is not enough iron for all the bacteria, so they
are constantly fighting to capture the iron that is available (Figure 2).

Different bacteria have different ways of grabbing iron for themselves.
In the battle for iron, beneficial bacteria are often at a disadvantage.
Compared with beneficial bacteria, harmful bacteria have many more
ways to grab iron. They can steal free iron or even big molecules that
contain iron, including heme.

IRON OBTAINED FROM FOOD

There are two types of iron in our food: heme iron and non-heme
iron. Heme iron is found in animal proteins, that is, in meat, such as
poultry, red meat, and seafood. Non-heme iron and free iron are found
in plant-based foods, like beans, fruits, grains, nuts, seeds, and leafy
green vegetables.

For humans, one of the best sources of iron is red meat, which is rich
in heme. Red meat includes beef, goat, lamb, and pork, to name a few.
Heme iron is also found in “white meat,” such as chicken or fish, but in
much smaller amounts.

Figure 2
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Because bacteria compete for iron, our research group questioned
how heme iron would affect the balance between the beneficial and
harmful bacteria in the gut. If we eat food that has a lot of heme iron,
could there be a worsening of certain intestinal diseases?

HEME IN FOOD CHANGES GUT MICROBIOME

To answer our question, we performed a simple experiment using mice
(Constante et al., 2017). We fed one group of mice food containing
non-heme iron and the second group of mice got food containing
heme iron. Both groups of mice were fed exactly the same amount of
iron, so the difference was just in the type of iron, heme, or non-heme.
We then collected the feces (poop) from the mice and analyzed the
beneficial and harmful bacteria in the feces, which tells us which bac-
teria are present in the gut microbiota. We found that eating food with
a lot of heme several days in a row changed the gut microbiota of the
mice. There was an increase in harmful bacteria and a loss of beneficial
bacteria. The gut microbiota became imbalanced.

Additionally, we found that mice fed the heme-enriched food were
more likely to rapidly develop more severe forms of intestinal diseases,
such as inflammatory bowel disease and colon cancer, compared with
mice fed the food with iron that did not contain heme.

We repeated our experiments several times to show that the results
could be reproduced. Altogether, our experiments helped to show how
heme might be damaging the gut by causing an imbalance in the gut
microbiota.

WHY SHOULD WE EAT RED MEAT, BUT IN MODERATION?

Have you ever heard someone say, “too much of a good thing?” Well,
eating too much red meat can be just that. Eating too much red meat
may help certain intestinal diseases to develop, such as inflammatory
bowel disease and colon cancer. However, eating red meat in modera-
tion is good for our health.

Eating some red meatis good, because heme is one of the best sources
of iron. Heme is what the cells in our blood use to carry oxygen through
our bodies (Figure 3).

Our bodies need oxygen to provide energy to the muscles and brain.
Not having enough iron, or iron deficiency, can cause low oxygen levels
in the body, which can slow down both growth and brain development.
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Figure 3

Where is most of our
iron? Inside blood
vessels, we have red
blood cells. Inside

red blood cells we have
hemoglobin. Inside
hemoglobin we have
heme; and inside heme
we have iron!
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The body is better at absorbing the heme iron present in red meat than
itis atabsorbing the non-heme iron in other foods. This means that, as
a source of iron, red meat remains a very important part of a healthy
and balanced diet.

So, should we eat red meat? Yes! If it is a part of your diet, red meat
can be consumed, but in moderation.

CONCLUSION

Our study shows that the gut microbiota can become imbalanced if
mice eat food that contains high amounts of heme every day. However,
we and other researchers have found that in mice, as well as in humans,
the gut microbiota can quickly change when eating different foods [2].
This means that eating less red meat (less heme) could reverse the
negative effects of heme in the gut.

We have learned a lot about the effects of heme in the gut, but we still
have questions. For example, we know that antibiotics kill bacteria,
which changes the balance of the gut microbiota to an extreme. So,
should people eat red meat when taking antibiotics? This is another
topic for study. In science, we always continue to ask questions so that
we can better understand our bodies.

So, how much is too much red meat, under normal conditions? To
reduce the risk of intestinal diseases, it is recommended that we eat
no more than one serving of red meat per day, and up to 500 g a
week, which equals a little less than three hockey pucks worth of steak.
Therisk of getting certain intestinal diseases increases when people eat
more than 700 g of red meat per week (four hockey pucks).

Remember that red meat includes beef, lamb, and pork, so, you may
eat white meats low in heme iron, which include poultry and fish, on

kids.frontiersin.org February 2019 | Volume 7 | Article 06 | 5


https://www.frontiersin.org/article/10.3389/frym.2019.00006
https://www.frontiersin.org/article/10.3389/frym.2019.00006
https://www.frontiersin.org/article/10.3389/frym.2019.00006
https://kids.frontiersin.org/

Constante et al. Red Meat and Gut Microbiota

some days. So, do not be boring, and eat a balanced diet for a happy
and healthy gut.

A well-balanced gut starts with a well-balanced diet.
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