141°F / 61°C: Eggs Begin to Set
135ºF / 57ºC Egg held at this temperature for 75 minutes considered pasteurized
141ºF / 61ºC Ovotransferrin (in the white) begins to denature
176ºF / 80ºC Ovalbumin (in the white) begins to denature; white and yolk firm
194ºF / 90ºC Egg yolk becomes crumbly
100ºF

200ºF
300ºF
400ºF
149º–158ºF / 65º–70ºC Range that most proteins in egg yolks denature
141º–149ºF / 61º–65ºC Range that most proteins in egg whites denature

Important temperatures in chicken eggs.

Time and Temperature

The lore of eggs is perhaps greater than that of any other ingredient. Eggs are used in both
savory and sweet dishes, hot soups and frozen desserts, at breakfast and with dinner—and
every culture uses them. They act as binders holding together meatloaf and stuffing; as rising
agents in soufflés, certain cakes, and treats like meringues; and as emulsifiers in sauces like
mayonnaise and hollandaise. Eggs provide structure to custards and body to ice creams. And all
of this so far doesn’t even touch on their flavor or the simple joys of a perfectly cooked fresh egg.
Eggs have a light part and a dark part, and bind the culinary world together—no wonder
they’re incredible! Next time you crack an egg into a frying pan, take a close look at what
you see. There should be four visible parts along with the shell: the yolk, a thick white up
near the yolk, a thin and watery white around the edge, and somewhere, a little white
twisty thing called the chalaza. Each part has its own function:

•

The shell itself is a marvel of engineering: shaped to allow a weak newborn chick an
easy escape while protecting it from the outside world. (If you don’t mind wasting
an egg, hold one in the palm of your hand, wrap your fingers around it, and then
squeeze it over a sink. It takes a strong grip to break it!) Right below the shell
are two tough membranes, made mostly of collagen proteins. The shell and the
membranes have to allow air in and out so a developing chick can breathe, while
keeping bacteria and pathogens out. By one estimate, the shell of a chicken egg
has upward of 17,000 microscopic holes in it! The color of the shell has to do with
the breed of chicken and has no impact on taste or nutrition.

•

The yolk, contrary to what I thought as a kid, is not where the animal comes from.
Yolks are about half water, half nutrients; the nutrients are two-thirds lipids, onethird protein, along with lots of fat-soluble micronutrients. They get their orange
color from pigmentation in the chickens’ feed. Darker yolks might seem more
appealing but don’t actually indicate better nutritional properties compared to
lighter or even cream-colored yolks. Structurally, the yolk is composed of many
layers of fats deposited around a center in almost-concentric rings. The layers are
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difficult to see in a hard-cooked chicken egg, but should you ever happen to hardcook an ostrich egg—an expensive undertaking I’ve done exactly once—you can
peel away the various fat layers of the cooked yolk.

•

The chalaza is a twisted cord near the yolk that centers it in the egg, preventing the
yolk from settling to the bottom of the shell. There’s really not much culinary value
to the chalaza. You can fish it out with a fork, or if you’re whisking eggs into a liquid
for something like a sauce or custard, strain it out.

•

The thick white is what you see snugged up against the yolk when frying an egg is
called the outer thick white. The whites in chicken eggs are 88–90% water; the rest
is protein. What makes the thick white thick is a higher concentration of one of the
proteins, ovomucin. One measure of egg quality is based on the height of the thick
white when the egg is cracked onto a flat surface, and like everything else in food,
this has its own special unit: Haugh units, named for the inventor Raymond Haugh
(not someone with a bad accent saying, “How haugh is that white?”).

•

The thin whites are runny and exist in two places: the thin outer white, found next
to the eggshell’s membranes, and the inner white, right on the outside of the yolk.
It’s the thin outer white that you see as a watery puddle around the thick white
when looking down into the frying pan. Like the thick white, thin whites are mostly
water with some proteins mixed in. Older eggs have more thin white as the thick
white breaks down over time (and thus are measurable with Haugh units).

The challenge of cooking eggs comes from how these parts of the egg change over time
and the way different proteins respond to heat. An egg is a complex, dynamic system that’s
constantly changing: the thick white breaks down, air flows in and out of the shell, water
evaporates—they’re not perfect little time capsules, frozen in time and space!
The main change in eggs as they age is in their pH. A chicken hen deposits carbon dioxide
into the egg white as it is formed, giving the white a pH of between 7.6 and 8.4. Over the
course of several weeks—or a few days at room temperature—the carbon dioxide comes

What’s the right way to crack an egg?
Tap it on the counter, not the edge of a bowl. The
shell of an egg cracked on a flat surface will have
larger pieces that aren’t pushed into the egg. Eggs
cracked on a sharp lip are much more likely to have
little shards of shell poked into them that then end
up in the bowl and have to be fetched out. (If that
does happen, use half of the broken eggshell as a
scoop to fetch out the shard.)
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Bad

Good

out of solution and migrates away through the eggshell’s pores, driving the
pH of the white up between 9.1 and 9.3. Changes in pH cause the thick white
to break down, increasing the volume of the thin white.
In cooking, the pH changes make older eggs easier to peel when hardcooked; the inner membrane binds less tightly to the egg white. If you’re lucky
enough to have your own chickens, let the eggs rest for a few days at room
temperature before hard-cooking them; steaming them also makes them far
easier to peel. The change in volume of the thin white from the pH change
leads to more wisps of whites floating around when you’re poaching eggs;
straining them is far easier than using vinegar (see page 193 for cooking tips).

Den

Time and Temperature

Now, for the complicated and fascinating part about cooking eggs: different
proteins in the different parts of the eggs respond at various rates to heat. The
whites and yolk are composed of dozens of different types of proteins, each
of which begins to denature at a different temperature and progresses at a
different rate. Let’s dig into some protein stuff here; it’ll help you make
Nativesense
of the nifty photo and chart accompanying this discussion.

Native

Denatured

In their natural, native state, you can think of the proteins as curled-up little
balls. They take this shape because portions of the molecular structure are
hydrophobic (“water fearing”). Some of the atoms making up the protein are
electromagnetically repulsed by the polar charge of water. Because of this
aversion to water, those atoms cause the protein structure to fold up on itself.
As kinetic energy is added to the protein—usually from heat but also from
Native
Denatured
mechanical energy (e.g., whisking egg
whites)—the hydrophobic
regions
of the molecules start to unfold. This more open structure can then become
tangled with other proteins, snagging around them and coagulating to form
a linked structure. This is why cooked eggs are firm instead of flowing.
One of the most heat-sensitive proteins in chicken eggs is ovotransferrin, which
begins to readily denature at around 141°F / 61°C and makes up 12% of the
white’s protein content by weight. (Other species, like ducks, lay eggs with
different forms and ratios of proteins; I’m going to stick to chicken eggs from
here on out.) Another protein, ovalbumin, accounts for a whopping 54% of the
egg white protein and denatures at higher temperatures, around 176°F / 80°C.
Other egg white proteins denature between these temperatures, and there are
enough of them that the texture changes over the 35°F / 19°C span between
ovotransferrin and ovalbumin can lead to many possible outcomes (from
watery to spreadable to stiff to crumbly). It’s this range that makes poaching
eggs a fun challenge: not too difficult, but not trivial.

Coagulated

Hydrophobic regions of proteins
in their native state (top) remain
curled up to avoid interacting with
the surrounding liquid. With heat,
they denature (center) and uncurl
as the kinetic energy exceeds the
weaker level of energy generated
by water molecules and regions
of the proteins that repel each
other. Once denatured and opened
up, the hydrophobic parts of
the protein that were previously
unexposed can interact and bond
with other proteins (bottom).
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Egg yolk proteins have a tighter temperature span than the whites do. Runny yolks will
begin to set firmer at between 149°F / 65°C and 158°F / 70°C, although some do set at lower
temperatures with long holding times. (It’s technically possible to cook the egg yolk firmer
than the white due to differences in the slopes of the rates of reaction.)
The denaturation of egg proteins, as you’d expect, is a change based on a rate of reaction.
Proteins don’t denature instantaneously once they reach some magic temperature, and
their denaturation temperatures change when they’re mixed with
Your average, run-of-the-mill (or is that other compounds. Plus, the temperatures researchers report are
run-of-the-yard?) chicken laid only 84
usually based on isolating the proteins, not actually cooking up an
eggs per year a century ago. By the
egg—caveat archimagirus! And denaturation doesn’t happen with
turn of the millennium, improvements just temperature: whisking egg whites works via denaturation as
in breeding and feed had pushed this
well. (We’ll cover whisking later—see page 292.)
number up to 292 eggs per year—
almost 3.5 times more.
Eggs will come out with whites with a soft, custard-like texture when
cooked at above 141°F / 61°C for long enough to denature some of
the proteins. If you heat an egg up above 156°F / 70°C for sufficient time, the white will have a
firm, sliceable texture—good for sliced eggs and egg sandwiches. Above 176°F / 80°C for too
long, the whites will become rubbery (presumably from ovalbumin denaturation). Proteins
in the yolk will also overcook, producing a dry, unpleasant yolk. (Plus, you’ll end up with a
grey surface on the yolk as sulfide compounds from the white mix with iron in the yolk.)
Sometimes a picture is worth a thousand words, so check out the upcoming photo of eggs
cooked at different times and temperatures.
Soft-cooked and hard-cooked eggs are normally prepared in nearly boiling water or by
steaming them. Cooking for 7–8 minutes will yield a soft-cooked egg and 11–12 minutes
creates a nice hard-cooked one. Lower temperatures will increase the cooking time, but work

When a recipe calls for an egg, what size should you use?
By default, use large eggs, unless you’re in the EU, in which case use medium eggs
when following American recipes. The diﬀerent regions use diﬀerent definitions for
sizing eggs (weights include the shell!).
Small

USDA:
43

EU:

Medium
50

Large
57

X Large
64

Medium

Small
53

Cooking for Geeks

71
Large

63
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Jumbo

X Large
73

just fine—and for soft-cooked eggs are far, far better. Should you have the gear to hold an
egg at a precise temperature in water, cooking for an hour or so at 144°F / 62°C will give you a
runny soft-boiled egg, and 147°F / 64°C will result in something just on the edge of setting.

Time and Temperature

Time and temperature for eggs is exceedingly complicated. I’ve joked that an entire college
course could be taught using only eggs. There are plenty of other details with eggs: how
quickly the proteins denature changes their texture (faster denaturation leads to a finer gel
structure of the white); egg whites are one of only two alkaline ingredients in the standard
kitchen (the other being baking soda); and of course, which came first (the egg—reptiles were
around long before chickens). Different species of birds have their own quirks—duck egg
whites, for example, are harder to whisk up, but adding an acid like lemon juice improves them.
I could go on and on about eggs, but then I’d have to change the name of this chapter…
Why do some countries refrigerate eggs but not others?
Eggs are refrigerated to prevent Salmonella enteritidis infection, but not because
they’ve been washed! Yes, washing the shell of an egg does damage the cuticle to
an extent that bacteria could get in, but the more likely route to Salmonella-infected
eggs is the chicken that laid them: chickens infected with S. enteritidis can infect the
eggs as they’re formed. Refrigerating eggs prevents the bacteria from multiplying,
lowering the chances that a sunny-side-up egg will land you sunny-side down.
S. enteritidis started popping up in eggs in the US in the 1970s, around the time that
other strains of Salmonella that had been killing chickens were eradicated. Careful
flock management and vaccination of chickens prevent infection. If the chickens in
your area are known to be free of S. enteritidis, then storing their eggs in the fridge
isn’t necessary, although it will double the eggs’ shelf life.

60
min

Hard

42

Soft

24
6

Cloudy
Raw
135°F
57°C

Eggs cooked at different times (y-axis) and
temperatures (x-axis), from 6 minutes to 60 minutes
and from 135°F / 57°C to 162°F / 72°C.

144°F
62°C

153°F
67°C

162°F
72°C

Here’s a labeled chart of the time and temperature
egg photo. Proteins set at different rates at
different temperatures; eggs become cloudy
as the most heat-sensitive proteins denature
before they soft-cook or hard-cook.
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Crème Anglaise, Vanilla Custard, and Bread Pudding
Ancient Romans figured this one out a long time
ago: egg yolks mixed with cream and something
sweet is delicious. Crème Anglaise, custards, and
bread pudding are all successive improvements on
the original idea, and all rely on egg for texture and
flavor.
Crème Anglaise is also the base for vanilla ice cream.
Freeze it in an ice cream maker, or see page 361
for more creative ways of making it. It also makes
great French toast—soak thick slices of bread in the
mixture for 10–15 minutes, then sauté in butter over
medium-low heat for 3–5 minutes per side.
In a mixing bowl, thoroughly whisk together:
4 large (80g) egg yolks
2 cups (480 mL) half-and-half; or 1 cup (240
mL) milk and 1 cup (240 mL) cream
2 teaspoons (10 mL) vanilla extract;
optionally add scrapings from ½ vanilla
bean, sliced lengthwise
¼ cup (50g) sugar
Pinch of salt
Pour the mixture through a fine-mesh strainer into
a second bowl to separate out the eggs’ chalazae.
Crème Anglaise: Heat the mixture in a saucepan
over medium heat until it reaches 170°F / 77°C,
the point at which it just coats the back of a

What’s half-and-half?
Half-and-half is half milk; half cream. In the United
States, half-and-half must legally contain 10.5–18%
milkfat. You can make your own half-and-half by
mixing milk and cream. For a chart of fat levels in
diﬀerent types of milk and cream, see page 300.
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Slice the bean
open with a
knife and then
use a spoon to
scrape the vanilla
seeds out.

metal spoon. Take care to not overheat it; you’ll
end up with egg curds.
Custard: To make custard, pour the mixture into
small serving ramekins or oven-safe cups and
place them in a baking pan. Add enough water to
the baking pan to submerge the ramekins or cups
halfway up and then bake them in an oven at
325°F / 160°C for 45–60 minutes.
Bread pudding: To make bread pudding, slice about
half of a small loaf of bread (250g) into ½–1" /
1–2 cm cubes—about 4 cups’ worth. Try using a
cinnamon-raisin bread to add additional flavor, or
add ¼ cup (40g) dried fruit and 1 tablespoon
(8g) cinnamon to the mix. Transfer the cubes to
a baking pan or individual serving cups, add the
Crème Anglaise mix, and bake in a 325°F / 160°C
oven for about 30–60 minutes, checking that the
custard is set by jiggling the pan or cups and
seeing that it holds its shape.

Super-premium ice cream—the highest grade of
ice cream sold in the grocery store—is 10–16%
fat. If you’re using Crème Anglaise for making ice
cream, aim for 12–22% fat (by weight). This recipe
is about 12% fat; use whole cream instead of halfand-half for a 22% fat version.

You can poach eggs hours in advance, which makes
them great for breakfast or brunch with friends.
Slightly undercook them and store them in an
ice-chilled water bath; when ready to use, briefly
reheat them for a minute in a pan of hot water.
There are three challenges to cooking poached eggs:
feathery whites, flavor, and a properly set yolk.

•

•

•

Feathery whites, the wispy junk on the outside
of a poorly poached egg, are created from the
outer thin layer of egg white mixing with hot
water as the egg poaches. The outer thin layer
has a lower concentration of ovomucin, the
protein that makes egg whites thick. There’s
an easy solution to feathery whites: drain the
egg through a small fine mesh filter or slotted
spoon before poaching. (Swirling the water
to create a vortex and placing the egg in the
center helps too, but cooking eggs one at a
time is tedious for larger numbers.)
Flavor, in my book, is why salt or vinegar
should be added to the water. An egg poached
in plain water is unseasoned and tastes flat;
adding salt (about a 1–3% salt solution)
vastly, vastly improves a poached egg’s flavor.
Vinegar is commonly added to solve the
feathery white problem, and it does help, but
it also imparts a flavor that I don’t care for. If
you like it though, add it.
Properly set yolks are created by proper time
at temperature. Cook room-temperature eggs
in simmering (180–190°F / 82–88°C) water
for 2–3 minutes;
shorter if you
like them runny,
longer if you like
them firm.

Easy-to-Peel
Hard-Cooked Eggs
When I wrote the first edition of Cooking for
Geeks, I included a clever “shock and awe”
solution for creating tasty, easy-to-peel hardcooked (hard-boiled) eggs. Shocking the eggs in
boiling water for 30 seconds makes them easy
to peel; then cooking them in a fresh batch of
cold water brought to a near-boil finishes them
with a more pleasing texture. Since then, I’ve
discovered—well, rediscovered—that steaming
eggs is far better. When the egg is steamed, the
shell will crack and fall right off into two pieces.
Make sure your eggs are a few days old—or at
least that the eggs have a pH on the higher side
of things. If you’re lucky enough to have really
fresh eggs, they can be harder to peel.
Optionally poke a hole in the bottom end of the
shell, where the air pocket is. This doesn’t make
sense when you’re cooking eggs in water—the
water gets in and screws stuff up—but when you’re
steaming eggs, the hole will prevent the shell
from cracking by giving air from the air pocket an
escape route as it expands during heating.
Boil ½" / 1 cm of water in the bottom of a pan,
add the eggs, cover them with a lid, and wait
12 minutes. Keep the heat on high the entire
time; you need steam to be constantly hitting
the eggs for them to cook.
Before peeling the eggs, let them cool down. You
don’t need to shock them in cold water to make
them easy to peel, but dropping them in cold
water—no ice necessary—will make the shape
of the egg rounder (no “flat bottom”). You can
peel them when they’re still steaming hot, but
you need a little bit of water to
release the inner membrane
from the outer white.
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Poached Eggs

