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 food for thought
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What if I told you there was a reasonably easy-to- 
make product that demonstrates heat transfer, 
thermodynamics, and the rare triple-threat of 

surface chemistry — the simultaneous suspension-emulsion-
foam — and that this marvelous stuff is quite likely to make 
your students happy? Allow me to introduce (or reintroduce) 
the wonder that is ice cream!

In the United States, ice cream is defined as a frozen des-
sert composed of at least 10% milk fat, at least 20% milk 
solids (both by mass), with the weight of one gallon being 
no less than 4.5 pounds.[1] “What, pray tell, is a milk solid? 
It’s icky when I find solids in my milk!,” I hear you say.   
Milk solids are a collective way of referring to everything 
that’s in milk aside from fat and water. If you take milk, 
skim off the cream (aka milk fat), and then dry what’s left 
in an oven, the off-white powder that results is milk solids: 
a mix of proteins, sugars (mostly lactose), and the odd vita-
min, mineral, or other trace element.[1]  The final requirement 
is one of density. I tell students that as a first pass, you can 
pretty much start by assuming almost any liquid has the den-
sity of water. Ice cream is mostly water, but mixed with fat 
(less dense) and sugar (more dense). On this basis, we’d ex-
pect a gallon to weigh a bit over eight pounds, but the spec is 
close to half that. Where’s the rest of the mass? Literally, air. 
Often called “overrun,” it’s the volume increase due to the 
incorporation of air within the ice cream during processing.* 

Conveniently, the processes for manufacturing ice cream 
at scale and making a little to share in the classroom are very 
similar, making it one of those rare chemical processes that 
we can implement in class.[2] In brief, ice cream manufacture 
requires first the mixing, pasteurizing, and cooling of a base 
containing all ingredients — milk, cream, sugar, flavors, 
emulsifier. The cooled base is then fed into a mixer that is 
also a chiller capable of temperatures below that needed to 
freeze water. After the ice cream is frozen to a semi-solid 

state, it’s dispensed from the mixer and allowed to further 
harden in a freezer. While the best results include the last 
step, folks making ice cream in class or at home tend to skip 
it and dive straight in to eating. 

While there is enough technical challenge in the area of 
ice cream to populate an entire course (hmm**), I want 
to now focus on an ice cream-inspired class activity, suit-
able for any class involving either colligative properties                       
(Thermodynamics), energy balances (Mass & Energy Bal-
ances), or heat transfer (Heat Transfer) with adjustments 
in terms of materials provided based on student level. For 
example, if you provide a worksheet with all equations and 
constants, this can also work for high school outreach. 

One goal of this activity is getting students to rapidly 
reenact the science and engineering history that makes ice 
cream possible. If you read something that mentions the his-
tory of ice cream, you will see ideas like the snow- or ice-
based fruit desserts served in China or Rome as precursors, 
along with the fun fact that Catherine d’Medici brought iced 
drinks and desserts from Florence to Paris when she mar-
ried the King of France.[1] These are all very well, but they 
aren’t ice cream because these examples depend on taking 
snow and ice from winter or high altitudes and flavoring it.  
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Ice cream, by contrast, requires the freezing of a sweetened 
dairy mixture. You need to be able to freeze something in 
order to make ice cream, and unless a culture has invented 
refrigeration or weather control, the only way to freeze an 
aqueous mixture at-will is by harnessing colligative prop-
erties. Freezing point depression was first rigorously docu-
mented by physician and historian Ibn Abi-Usaibi’a in the 
mid 1240s, at that point citing iron sulfate as the salt of 
choice.[3] In a mere 450 or so years, this resulted in the first 
published ice cream recipe,[4] which calls for salting ice with 
sodium chloride in order to make the dessert freeze. 

Ask students to calculate all or some of the following: 
the energy balance for freezing ice cream, the maximum 
temperature for freezing to commence in ice cream, and 
the minimum temperature that they can generate using salt 
and ice. For folks in Heat Transfer courses, you can also 
ask them to design for a particular temperature difference 
between the ice cream base and the salt/ice mixture, giv-
en the surface area of a given ice cream maker and their 
amount of patience. If you want to set this up as an inquiry- 
or discovery-based lab, allow students to attempt to use ice 
(or ice plus sugar rather than salt) to make their ice cream. 
It’s a somewhat fun way to get everyone to understand why 
we don’t try to build reversible heat exchangers. At the end, 
compare what the students determine to how it works in 
practice, and celebrate where reality and theory match and 
discuss the cases where they don’t. This approach works ei-
ther just as a theoretical exercise or as an exercise paired 
with an experiment — the experimental version is more fun.

Here are a few sample calculations. First, we need the 
van’t Hoff equation (from any handy thermo textbook [5] ):

 

where the term on the left is water’s activity (aw, mole frac-
tion times activity coefficient). White Mountain® recom-
mends 1 cup of salt for every 5 cups of ice as the “cold” sink 
for the ice cream machine.[6] Weighing these components out 
in my kitchen, I find that is a touch more than 1 kg of ice and 
250 g of salt. Converting these to moles and assuming that 
the salt dissociates completely, I calculate an approximate aw 
as 0.88. Plugging that into the van’t Hoff equation*** gives 
me a melting point of 260.5 K = -12.65 ºC. Plenty cold to 
freeze the ice cream, right? If you’re doing the experiment 
in class, measure the temperature to compare.

Well — maybe! Ice cream isn’t pure water, so it doesn’t 
freeze at 0 ºC. Within an ice cream machine, we expect 50% 
of the water to change phase from liquid to solid,[7] result-
ing in a soft-serve-type dessert. My ice cream machine is 
capable of outputting one pint of finished product. Approxi-
mating the ice cream base in Figure 1 for a 255g batch, the 
initial mixture is:

Component Mass
Fat (10%) 25.5 g

Milk solids aside from 
sugar (20%) 51 g

Total sugar (original and 
added) (20%) 51 g

Water (assumed to be 
balance, 50%) 127.5 g

Assuming all the sugar is lactose, this means there are 
about 0.15 moles of sugar and 7.08 moles of water in our 
ice cream base. For calculation purposes, I assume a binary 
solution of sugar and water. The fat and milk solids can be 
treated as negligibly part of the water solution for the freez-
ing point depression calculation. Since sugar doesn’t disso-
ciate, we can apply an ideal solution assumption (aw = xw) 
and determine aw that is about 0.98 for ice cream. That means 
that it freezes starting at -2.1 ºC (and if we want it to proceed 
at a non-infinite rate, we want the surface for heat exchange 
to be lower still). The rule we teach in our heat transfer course 
is that a reasonable heat exchanger should keep a 10 ºC sepa-
ration between hot and cold, so this checks out. 

But wait — we should go one calculation deeper! 
For the ice cream, the calculation above is only where 
freezing starts. As ice crystals form, liquid water comes 
out of solution, and the concentration of sugar in the liquid 
fraction increases. This is a subtle point. But assuming all 
of the sugar remains in solution, towards the end of the 
process where 50% of the original water is now ice, we can 
recalculate aw. It’s not just half of the original aw as students 
might assume, because the loss of liquid water from solution 
impacts both the numerator and the denominator of the mole 
fraction calculation. For 50% frozen water (assuming zero 
concentration of sugar in the solid), I find that there are now                                                                                   

* In my reading about commercial ice cream production, I see a lot of 
discussion of air’s role in overrun but very little discussion of the role of 
frozen water’s lower density relative to liquid water. As a calculation left to 
the interested reader, I think it’s fair to say that while this impact is real, it’s 
small relative to the effect of the air bubbles, as can be noted by examination 
of gelato, which can be made with the same ingredients as ice cream but is 
maintained at a lower level of aeration.  

** I wrote that line, paused, thought, then stepped away from writing this 
article to call up the university registrar and change the title of my first-year 
foundation course from “Food Engineering” to “Engineering Ice Cream,” 
now coming to a campus near you in Fall 2025. Because that course will be 
open to first-year students broadly, materials developed for that class may be 
helpful for outreach activities and will be shared in the future.  

*** I have a brief demonstration of this calculation in action for frozen wine 
on my YouTube channel: www.youtube.com/@FoodSciwithProfVigeant.

http://www.youtube.com/@FoodSciwithProfVigeant


Chemical Engineering Education150

3.54 moles of liquid water, meaning aw = 3.54 / (3.54 + 0.15) 
= 0.96. So, the final temperature for the ice cream must be 
— 3.2ºC!

One final point on ice cream — why all the mixing? 
Surely this process is simpler for everyone if we could 
just leave the mixture to sit in a freezer in peace? Mixing 
maintains a more uniform temperature across the ice cream 
base. But the most critical reason for mixing is that it helps 
keep the size of all the colloidal components — ice crystals, 
milk solids, fat globules, air bubbles — small. Very small, 
in fact, because the threshold for something to be perceived 
as “gritty” is about 50 microns. This is why ice cream 
that melts and refreezes (or even that ages for too long in 
the freezer) becomes less palatable — agglomeration of 
dispersed phases as well as growth of ice crystals is favored 
by partial melting and refreezing.[7] Better hurry up and eat 
your demonstration before that happens! 

One Pint of Ice Cream 
Warning — because this recipe uses raw eggs, it has a pasteurization step to start. This makes the ice cream safer to eat and also rounds 
and mellows the flavors and textures a bit. But it’s best if you can do the cooking the day before you do the freezing. Plan ahead!

Pasteurization Step: Mix the milk, heavy cream, 1/4 cup sugar, and salt. Gently heat the mixture on the stove while stirring to 175 ℉. 
Mix the yolks and 1/4 cup sugar in a small bowl,  have them ready next to the stove for when the milk mixture hits temperature. When 
it does, “temper” the eggs — add a small amount (~1/4 cup) to the eggs and stir — the goal is to warm the eggs while diluting them so 
you don’t cook them into chunks of scrambled egg (ick) before the egg’s emulsifiers have a chance to work on the ice cream. 
When the tempered mixture is homogeneous and smooth, pour it back into the milk mixture that is still on the stove while mixing.     
Stir constantly but gently and continue to heat the mixture until it reaches 180 ℉, then remove from the stove. 
Stir in vanilla, cover mixture, and leave it in the fridge until it at least thoroughly cools to refrigerator temperature, preferably overnight.

Churning: Add mixture to your ice cream machine and follow its instructions — this should take about 30 min to freeze to soft-serve 
temperature (22 ℉). If you’re impatient, I recommend chilling your bowl in the freezer and serving directly into that bowl. If you 
are patient, pour the ice cream into a container and pop into your freezer for a couple of hours, which will yield a very tasty and well 
textured hard ice cream. Consume within 3 days of making. 

Optional Add In: Melt 1/4 cup chocolate chips, mix with 2 tablespoons of corn syrup, and 2 tablespoons  of peanut butter. Drizzle this 
mix into the ice cream machine during the last 5 minutes of freezing.

3/4 cup whole milk 1/4 teaspoon salt
3/4 cup heavy cream 2 egg yolks from large or XL eggs
1/2 cup sugar, divided 1 teaspoon vanilla

SHARE SOME “FOOD FOR THOUGHT” 
Have a course where you are particularly looking for food examples? Is there a food 

observation that you want explained? Do you have a food or food-adjacent idea?  

Your idea or question may become a future topic for “Food for Thought”.
Email your question or idea to cee@che.ufl.edu. 

Ingredients

Figure 1. Recipe for one pint of ice cream.[1]
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