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for a greener cappuccino

Olga Matsarskaia

Peas please: discover how scientists are investigating pea-based ‘milk’ foams
for delicious, environmentally friendly, plant-based cappuccinos!

The following was adapted from an ILL News article.

Due to increased awareness of the dangers associated with
climate change, there has been an increased demand for
plant-based foods and beverages, such as cappuccino. To
make these as delicious as possible, it is vital to understand
the structure of plant-based foams. Researchers from Den-
mark and France have successfully tackled this challenge us-
ing neutron scattering."
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Foams have many applications in our everyday life. For ex-
ample, we are all familiar with bubble baths, shaving cream,
and fire extinguishers. An area where foams are particularly
important is food: baked egg white foam becomes tasty me-
ringue, cakes are decorated with whipped cream, and frothed
milk is delicious on top of a cappuccino.


https://www.scienceinschool.org/article/2025/pea-based-foams-for-a-greener-cappuccino/
https://www.ill.eu/news-and-events/news/scientific-news/pea-based-cappuccino-the-greener-future-of-food
https://unsplash.com/de/fotos/weisse-keramik-teetasse-gefullt-mit-matcha-tee-Z-hvocTfR_s
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Milk foams are a widely used foam type in food technology,
and researchers have studied their molecular characteristics
in detail. We know that they are assemblies of air bubbles
within milk, which is a mixture of water, fats, proteins, and
milk sugar. When milk proteins diffuse to the air-liquid inter-
face and concentrate there, they reduce the surface tension
of the bubbles. The proteins then unfold and their hydrophil-
ic and hydrophobic regions point towards the liquid and air
phases, respectively, thereby stabilizing the foam.

Foams

Foams consist of gases dispersed within a solid or liquid.
The food foams featured in this research are gas/liquid
foams, in which air bubbles are enclosed by a thin film
of liquid.
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Foams are organized in a hierarchical manner, with gas
bubbles (top left) surrounded by a thin liquid film (top right),
which might be stabilized by smaller particles (bottom pan-
els). The area where different films come together (upper
right) is called the plateau border.

Image from Ref. [2]

These gas/liquid foams can be unstable because the
liquid around the bubbles can drain away, leading the
foam to collapse. A plain water foam is very unstable, but
if you zoom in further at food foams like milk foam, you
see that the liquid layers are stabilized by small particles,
such as proteins or micelles.
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Milk foam on a cup of cappuccino
Image: Andrew Lorimer/Wikipedia, CC BY 3.0

In recent years, people have become increasingly aware of
the negative impact that excessive consumption of animal
products, including egg and milk derivatives, has on the cli-
mate. As a consequence, we are now consuming more plant-
based products, including milk alternatives made with plant
proteins, such as oat, soy, or pea proteins. For us to be able
to enjoy plant-based cappuccinos, it is important to under-
stand the foaming properties of plant proteins because their
molecular composition and their chemical behaviour are of-
ten different from that of animal proteins. This may affect the
texture, mouthfeel, and taste of plant-based foods.

A team of researchers from Denmark studies foams formed
by a specific type of pea proteins known as albumins. These
proteins are easy to extract from pea plants and are also very
soluble, which makes them promising candidates for appli-
cations in plant-based foods and drinks, such as cappuccino.
Another advantage of pea plants is that the plant grows very
well at our latitudes.

The team wanted to understand the molecular structure of
pea albumin foams, how they become stabilized, and how
pH and heating affect their properties. To observe these
structural evolutions across a range of length scales from
nanometres to millimetres, they chose a technique called
small-angle neutron scattering (SANS) combined with opti-
cal imaging at the Institut Laue-Langevin (ILL) in Grenoble,
France.


https://www.scienceinschool.org/article/2025/pea-based-foams-for-a-greener-cappuccino/
https://commons.wikimedia.org/wiki/File:Cappuccino_milk_froth.jpg
https://creativecommons.org/licenses/by/3.0/deed.en
https://www.youtube.com/watch?v=doovK7DBuEM&ab_channel=InstitutLaueLangevin
https://www.ill.eu/about-the-ill/ill-at-a-glance
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They were able to use the SANS technique to collect infor-
mation on foam properties, like bubble size, film thickness,
protein content, and plateau border, over time and at differ-
ent pH and temperature conditions. This is important in food
technology since foodstuffs can have different pH values and
may be prepared or served at high temperatures. Coffee, for
example, is acidic and usually served hot.

Neutron scattering

Neutrons are electrically neutral subatomic particles that
are normally found in atomic nuclei. Free neutrons can
be produced at neutron reactors such as the ILL. Using
dedicated instruments, neutron beams are directed at
samples such as the foams described here. The sam-
ples scatter some of the neutrons, which are recorded

on a special detector. By analyzing how many neutrons
are scattered at different angles, researchers can gain
detailed, nanoscale information about the molecular
structure and properties of the samples.

The authors studied pea albumin foams at pH values of 3,
4.5, and 8, with pH 4.5 corresponding to the isoelectric point
of the pea albumin proteins. The isoelectric point is different
for every protein, depending on the balance of basic/acidic
amino acids it contains, and it is the pH value at which there
are an equal number of positively and negatively charged
amino acid residues on the protein surface. At pH values

The experimental setup
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Yellow split peas are used to make plant milk and protein
extracts for use in food technology.
Image: Mx. Granger/Wikipedia, Public domain

above the isoelectric point, the protein has an overall neg-
ative charge, and at pH values below the isoelectric point,
the protein has an overall positive charge; in both cases, the
protein molecules repel each other. However, at the isoelec-
tric point, the protein molecules have an overall neutral
charge and no longer repel each other. Instead they tend to
clump together (aggregate) and can even visibly precipitate
out of solution.

¥ Conductivity: Liquid fraction

¥" SANS data:
Film thickness, Surface of Plateau border &
film, relative protein content on the film
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The neutrons (yellow beam) scattered off the sample (grey column filled with pea albumin foam) are
detected on the 2D detector. Analysis of these data provides information on the properties of the foam.
The SANS data were supported by conductivity measurements and optical imaging.

Image from Ref. [1]
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https://commons.wikimedia.org/wiki/File:Pea_protein_milk_with_yellow_split_peas.jpg
https://creativecommons.org/publicdomain/zero/1.0/deed.en
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Proteins contain acidic or basic amino acids that can be positively or negatively charged at different pH values.
This means that they have an overall positive or negative charge at most pH values and thus repel each other.
However, at the isoelectric point, they are overall charge-neutral and tend to clump together (aggregation).

Image courtesy of Chiara Obermueller. Structure from PDB: 1p8b

For the pea albumins studied here, this aggregation meant
that a thick protein layer formed at the air-liquid interface of
the foams at pH 4.5, thereby providing stabilization. At pH 8,
the film was less thick, and at pH 3, the bubble radius was the
largest and the protein film was the thinnest. These foams
were particularly prone to liquid drainage (liquid diffusing
through the foam), which may affect their structure.

Pea albumin solution at the beginning (top) and end (bottom) of the
SANS experiment, captured by an optical imaging setup. The liquid in
the film around the bubbles drains over time, leading to smaller bub-

bles merging into larger ones, and eventually to collapse of the foam.

Image from Ref [1]
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In addition to pH, temperature is also known to affect protein
structure through thermal denaturing. A familiar example is
the frying of eggs, during which the initially clear and lig-
uid egg white becomes white and solid. In the case of pea
albumin foams, heating the solutions prior to foaming did
not have a visible effect on foam structure. It seems that the
pea albumins are less sensitive to temperature than to pH
variations.

These experiments represent a very important step towards
understanding the molecular properties of plant-based
foods, which are becoming more and more important as
sustainability becomes an increasing concern amongst con-
sumers. It also illustrates the power of neutron scattering
as a technique that allows real-time and multi-length scale
characterization of highly complex biological systems. €<


https://www.scienceinschool.org/article/2025/pea-based-foams-for-a-greener-cappuccino/
https://www.ebi.ac.uk/pdbe/entry/pdb/1p8b
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Resources

e Watch a video from ILL explaining how small-angle
neutron scattering can be used to track the description,
distribution, and evolution of microstructures.

e Use bacteriophages to explore protein stability: Mencos
A, Clemente Galdiano T, Izal Azcarate | (2025) Fun with
phages: how do heat and pH affect bacteriophage

viability? Science in School 71.

e Extract keratin from wool and learn about its use as a
raw material for biobased products: Zambrotta M (2024)
Extract value from wool waste: keratin and the circular
economy. Science in School 69.

e Explore viscoelasticity by making slime: Ospina V, Ospina
C (2024) Beyond solids and liquids: the science of slime.
Science in School 67.

e Learn about a variety of biochemical aspects of honey
through a series of simple experiments: Scheuber T
(2023) To bee or not to bee: the chemistry of honey.
Science in School 65.
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Explore the biochemistry of bananas: Glardon S,
Scheuber T (2018) Go bananas for biochemistry.
Science in School 44: 28-33.

Read about the development of lab-grown meat
substitutes: Noble M (2023) From Petri dish to plate: the
journey of cultivated meat. Science in School 63.

Discover how camel antibodies could revolutionize
medical science: Hammarén M (2024) Inspired by
camelids: nanobodies are a magnificent molecular velcro.
Science in School 70.

Discover the role of peptoids in improving long-acting
drug delivery systems: Matsarskaia O (2025) Slow and
steady wins the race: an exciting new material for long-
acting medicines. Science in School 71.

Read about the complex environmental effects of food
packaging: Barlow C (2022) Plastic food packaging: simply
awful, or is it more complicated? Science in School 56.

Learn about the problem of pseudoscience in the media:
Domenici V (2022) Fake news in chemistry and how to
deal with it. Science in School 59.

Learn about the feuds between plant and pathogen that
span millions of years: Harant A, Pai H, Cerfonteyn M
(2023) Plant pathology: plants can get sick too!

Science in School 63.
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