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CHANGES DIGESTION

Meinou N. Corstens!” and Ciaran Forde?

1Food Process Engineering, Wageningen University and Research, Wageningen, Netherlands

2Human Nutrition and Health, Wageningen University and Research, Wageningen, Netherlands

YOUNG REVIEWERS:
ARMAAN
AGE: 12
25 ELIZABETH
AGE: 12
% LAUREN
“\?i& =/  AGE:12

WARIS
AGE: 9

Have you ever wondered what happens to food inside your body?
How does your body know what you have eaten? And why do you
feel full after a meal? The digestive tract breaks down the foods we
eat, absorbs their nutrients, and sends them to different parts of the
body to keep us healthy and full of energy. The body knows how
to handle each type of food so that only “leftovers” are turned into
poo. A food's structure determines how fast foods are broken down.
The body monitors this and sends messages to the brain to tell us
if we feel full or hungry. You might think you are in control, but a
food's structure manipulates how you eat and digest your food. In
this article, we explain what is known so far about the effects of a
food's structure.

THE MOUTH

Imagine eating your favorite breakfast. You chew every bite, breaking
it into smaller pieces. Saliva is added to soften the pieces, so they

kids Volume 12 | Article 1386116 | 1


https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1386116
https://kids.frontiersin.org/article/10.3389/frym.2024.1386116
https://doi.org/10.3389/frym.2024.1386116
https://kids.frontiersin.org/article/10.3389/frym.2024.1386116
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1386116
https://kids.frontiersin.org/article/10.3389/frym.2024.1386116
https://kids.frontiersin.org/article/10.3389/frym.2024.1386116

FOOD TEXTURE

The overall appearance
and structure of the
entire food, like the
crispy texture of
cornflakes, the soft
texture of bread, or the
dry texture of toast.

NUTRIENTS

Essential building
blocks of food, like fats,
proteins, and
carbohydrates, that
give you energy and
help your body grow,
learn, and stay healthy
along with vitamins
and minerals.

CALORIE

A unit to describe the
energy that is
contained in the
nutrients of a food.

BOLUS

The soft ball of small
pieces of sticky food
particles that is formed
in the mouth.

GASTRIC EMPTYING
RATE

The speed at which
food leaves the
stomach and is emptied
into the small intestine.

can stick together. You feel the food texture in your mouth, like
crispy cornflakes, soft bread, dry toast, or creamy scrambled eggs.
These textures feel different due to the way their nutrient building
blocks are put together. Just like arranging the same pieces of LEGO
into different patterns, the arrangement of nutrients gives each food
a unique texture. Building blocks of foods are connected in much
stronger patterns in solid foods than in liquid drinks, with many
different structures and textures in between.

A food's texture determines how it will be broken down in the mouth.
We change the way we bite and chew food before swallowing,
depending on its structure [1]. For example, you chew raw, crunchy
carrots for longer than softer, boiled carrots. When we eat softer
foods, we eat faster and consume more calories. A food's structure
is therefore crucial in determining how fast or slow you eat, and even
how much food you eat. You can swallow when the small pieces of
sticky food particles form a soft ball, called the bolus. Once swallowed,
you can feel the bolus move down your throat on its way to the
stomach. Then it is gone until you go to the toilet... but what happens
in between?

THE STOMACH

Once swallowed, the bolus begins its journey through the digestive
tract (Figure 1). It moves through a long tube into the stomach, where it
is kneaded and mixed with digestive juices, forming a “food-soup”. The
digestive juices include acids and enzymes that break down the food
further. The enzymes are like tiny machines that cut specific nutrients
out of the small pieces of food. For example, the enzyme pepsin
cuts long protein chains into smaller chains called peptides, while the
enzyme lipase cuts fats into smaller fat molecules and fatty acids.

The stomach wall acts like a balloon—as more food enters, it can
stretch. You can sometimes feel this happen during a meal, giving you
what is sometimes called a “food baby” after dinner. Since we have
no eyes inside our bodies, these stretch sensors play an important
role in sending messages to the brain telling us when we feel full and
requlating appetite. Foods also differ in the way they influence fullness.
Foods with more water, such as fruits and vegetables, take up more
space in your stomach, so they can make you feel full faster per calorie
consumed. By contrast, foods higher in fat, like mayonnaise and butter,
take up less space in your stomach, so it is easier to consume more
calories. How long you feel full after a meal depends on the rate
at which food leaves your stomach and is emptied into the small
intestine. This is called the gastric emptying rate.

The gastric emptying rate is largely determined by the volume, calorie

density and structure of the food-soup. Water does not contain any
calories or structure, so it can sneak through the stomach very quickly.
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Figure 1

The action of

the various stages of
the digestive tract to
break down food. On
the left, you can see
the anatomy of the
digestive tract. On the
right, you can see how
the food structure is
broken down in each of
the stages.

ABSORPTION

The uptake of nutrients
from digested food
over the wall of the
small intestine into

the blood.
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After just 10 min, half of the water you drink has already left your
stomach [2]. Fluids with more calories than water, like milk or juice,
empty in about 1-1.5h. Food-soups of solid foods take 2-4h to
empty, depending on their structure. After about an hour, most foods
have broken into small enough pieces (<2mm) to continue their
journey to the small intestine. Larger pieces (>5 mm) may only start to
leave the stomach after 3h [2]. Food structure can also affect the rate
at which foods leave the stomach. For example, certain fats can float to
the top of the food-soup, and this can speed up gastric emptying.

THE SMALL INTESTINE

In the small intestine, more digestive juices are added and mixed
by the squeezing waves of the intestinal muscles. Imagine putting
Play-Doh into a tube squishing it from one end to the other. These
digestive juices contain different enzymes and substances to cut up
the nutrients further and aid their uptake by the body. When nutrients
are small enough, they can be taken up for use by the body through
the wall of the small intestine and into the blood. This process is
called absorption. Every nutrient is carried across the small intestine
wall by a specific transporter, like a special door that only opens with
the right key. On the other side of the door, the nutrient joins the
bloodstream, which carries it to the cells in the body that need it.
For example, amino acids from proteins are directed to help build
new muscles, hair, or skin cells, whereas fats are used by the liver to
produce energy. The small intestine’s wall is covered in thousands of
tiny, finger-shaped structures called villi, and even smaller finger-like
shapes called microvilli. These structures increase the available surface
for absorbing nutrients.
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FOOD MATRIX

The tiny parts and
structures in food, like
the air bubbles and
network of bread
substance in a slice
of bread.

Figure 2

Food matrix examples
for bread and beans.
Bread has lots of air
bubbles and an open
protein network, so
digestive enzymes can
easily get into the food
matrix. Beans, however,
do not have big spaces
in their cell walls so the
enzymes cannot get in
easily. This makes
beans more difficult to
digest than bread
(adapted from [3]).

MICROBIOTA

A broad variety of
helpful bacteria that live
in the large intestine.

Sensors detect the arrival of specific nutrients in the intestine and
signal this information to the brain. This process works like a telephone
call to the brain, to alert the body to what is coming, so it knows
what to do with the nutrients. The more nutrients and the further
down the small intestine they are detected, the longer you feel full.
This mechanism is called the “intestinal brake”, because it can put
the brakes on eating. If you are interested in learning more about
how the brain talks to the body, check out this Frontiers for Young
Minds article.

How fast food is digested and absorbed is largely determined by the
arrangement of a food'’s nutrients at the microscopic level, which is
called the food matrix [3]. When you look at the tiny details within
bread, you see air bubbles surrounded by a spongy network of bread
substance. If a tiny version of you walked through that bread network,
you would see a smaller network of proteins and starches forming the
food matrix. In foods with a sponge-like matrix with lots of holes in
it, the digestive enzymes can easily go in and cut up the structures,
which makes it easy to digest and absorb the nutrients from the food.
However, many food matrices have holes that are too tiny, making
it harder for digestive enzymes to break down the central structures,
so they can only cut off the nutrients from the sides (Figure 2). This
is especially the case for the plants that we eat, so these foods are
digested very slowly. Researchers are currently trying to create the
same kind of slow-digested matrixes for certain processed foods, to
keep you full for longer [4].
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THE COLON

The food-soup still contains many valuable components and it has one
last stop: the colon, also called the large intestine. These nutrients are
usually parts of plant-based foods that are resistant to digestion by
enzymes, and they are called dietary fiber. Dietary fiber can only be
broken down when it meets the broad variety of helpful bacteria that
live in the large intestine. These bacteria are called the microbiota.
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When the microbiota breaks down the fibers in the food soup, they
make important substances such as vitamins and other nutrients.
These are the final nutrients that are absorbed from our foods. In
addition to helping us to digest food, the microbiota also trains the
Immune system, protecting us from infections, and it helps to requlate
appetite [5]. The microbiota can even influence whether we feel happy
or sad! So, it helps when foods have more structure and a tough matrix,
to ensure the microbiota receives these important materials so the
bacteria can complete their important work.

At the end of the colon, waste (poo) is produced. Poo contains
the undigested nutrients, water, and cells (from the microbiota and
from the intestinal wall). The dietary fibers in your food have most
influence on poo composition and quantity. The colon can also suck
water back up into the body, to ensure you do not dehydrate. This
process determines how solid your poop is. If too little water is
re-absorbed, your poo is more watery, or even diarrhea. Have you ever
wondered about the color of poo? This is not so much determined by
what you eat, but by brown and yellow substances produced by the
digestive system. Some colored compounds from our foods can also
make it to the colon undigested and color your poo, like beetroots
or blueberries.

TAKE-HOME MESSAGES

The different stages of the digestive system have specific jobs in
breaking down food and absorbing nutrients. In the mouth, food
is broken into smaller pieces. In the stomach, the food is further
broken up into nutrients. In the small and large intestines, nutrients
are absorbed into the blood. Only the undigestible material from food
remains in the leftovers as poo! Foods with complex structures can
influence how quickly or slowly food is broken down at all stages of
the digestive tract, affecting how much you want to eat and how fast
you get hungry again. With modern food technology, we can use these
food structures to target the delivery of specific nutrients to different
parts of the digestive tract, to keep the gut microbiota happy. Sensors
in the digestive tract communicate with the brain, signaling the arrival
of nutrients. This is how the body knows what is coming and how to
adapt our eating behaviors to regulate whether we feel hungry or full.
Without us having to think about it, our bodies know how to best break
foods down into their nutrient building blocks, getting the most out of
the foods we eat!
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ARMAAN, AGE: 12

| am passionate about drawing, reading, and writing. Currently, | am working on a
book entitled “Divine Passage: New Beginnings”. It is about a boy named Armaan
(Wonder why that is his name) who goes on meeting gods and facing challenges. |
get my drawing inspiration from Pokémon lore (My drawings feature Pokémon and
Pokémon fusions), and reading. Where do | even begin? To start it off, | love to read
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history, and reading. Just note that this is a brief recap of me.
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